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Purpose of the study: This study aims to synthesize and characterize
Sn(So.6Teo.4) thin films using vacuum evaporation and to analyze their crystal
structure and chemical composition in order to evaluate their potential as
absorber materials for solar cell applications.

Methodology: Vacuum evaporation system with rotary and diffusion pumps,
substrate heater, Penning manometer, thermocouple, furnace, digital balance,
and multimeter were used. Structural analysis employed X-Ray Diffraction
(Miniflex 600 Rigaku, Cu source). Surface morphology and composition were
analyzed using Scanning Electron Microscopy (SEM) and Energy Dispersive
Spectroscopy (EDS). Data processed using Origin and PCPDFWIN software.

Main Findings: Sn(So.sTeo.4) thin films were successfully deposited at 250°C,
300°C, and 350°C. XRD results show increased diffraction peak intensity with

Solar Cell Absorber
Vacuum Evaporation

higher temperature, indicating improved crystallinity, with optimum at 350°C.
The structure approaches orthorhombic SnS. EDS confirms presence of Sn, S,
and Te with composition close to theoretical values but slightly deviated due to
non-stoichiometric effects.

Novelty/Originality of this study: This study explores a specific composition
of Sn(So.sTeo.4) thin film using vacuum evaporation and simultaneously analyzes
its crystal structure and chemical composition. It provides new insight into the
relationship between temperature, crystallinity, and composition, contributing to
the development of alternative absorber materials for solar cell technology.
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1. INTRODUCTION

The development of renewable energy technology is increasingly becoming a major focus in addressing
the global energy crisis and climate change issues [1], [2]. One of the most promising technologies is solar cells
due to their ability to directly convert solar energy into electrical energy [3], [4]. Absorbent materials play a crucial
role in determining solar cell efficiency [5], [6]. Therefore, exploring new materials with optimal optical and
electronic properties is crucial. One approach is to utilize materials based on chalcogenide compounds.

Chalcogenide materials such as sulfides and tellurides have been extensively studied due to their excellent
optical properties and suitable band gaps for photovoltaic applications [7], [8]. The combination of sulfur (S) and
tellurium (Te) in a single material allows for more flexible engineering of electronic properties [9], [10]. The
compound Sn(Se.sTeo.4) is a potential candidate as an absorber in solar cells. This composition is expected to
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achieve a balance between material stability and light absorption efficiency. Therefore, studying this material is
relevant for further development [11], [12].

Thin films are a common material form used in solar cell technology due to their efficiency in material
use and ease of fabrication [13], [14]. Vacuum evaporation is a widely used method for producing high-quality
thin films [15], [16]. This method allows for fine control over material thickness and composition. Furthermore, it
is relatively simple and can produce homogeneous films [17], [18]. Therefore, vacuum evaporation was chosen as
the approach in this research.

Characterizing the structure and chemical composition is a crucial step in understanding the fundamental
properties of thin film materials [19], [20]. The resulting crystal structure influences the optical and electrical
properties of the material [21], [22]. Meanwhile, the chemical composition determines the stoichiometry, which
influences the material's performance [23], [24]. Therefore, an in-depth analysis of both aspects is essential. The
results of this characterization will provide insight into the material's potential as a solar cell absorber.

Although various studies have been conducted on SnS and SnTe materials separately, studies on Sn(S,Te)
alloys are relatively limited. Previous research has generally focused on optical or electrical properties without
comprehensively examining the relationship between structure and composition [25], [26]. Furthermore, certain
composition variations, such as Sn(So.sT¢o.4), have not been thoroughly explored. This indicates a research gap
that needs to be filled. Therefore, a more integrated study is needed to understand the characteristics of this
material.

The novelty of this research lies in exploring the specific composition of Sn(Se.sTeo.4) synthesized using
a vacuum evaporation technique. This research also simultaneously examines the relationship between crystal
structure and chemical composition. This approach is expected to provide a more comprehensive understanding
of material properties [27], [28]. Furthermore, this research has the potential to contribute to the development of
new absorber materials. Thus, this research has added value compared to previous studies.

The urgency of this research is based on the need for efficient, stable, and environmentally friendly solar
cell materials. The development of Sn(S,Te)-based materials is expected to be an alternative to expensive and toxic
conventional materials. Furthermore, optimizing the material composition can improve energy conversion
efficiency. This research also supports efforts to develop sustainable renewable energy. Therefore, the results of
this study are expected to make a significant contribution to the field of photovoltaic technology.

2. RESEARCH METHOD
2.1. Research Materials and Equipment

The materials used in this study consisted of several key components that support the semiconductor thin
film preparation process. The base materials used were tin (Sn), sulfur (S), and tellurium (Te) powder, which form
the Sn(So.cTeo.4) compound. Furthermore, a 1 mm thick glass substrate served as the thin film growth medium. To
ensure the cleanliness of the substrate surface, cleaning agents such as water, soap, alcohol, and tissue were used.
All materials were carefully prepared to ensure optimal deposition quality.

The equipment used in this study included a preparation device and a characterization device for the
Sn(Se.sTeo.4) semiconductor material. The preparation process was carried out using a vacuum evaporation system
as the primary tool in thin film formation. This system was supported by a vacuum pump consisting of a rotary
baffle pump for initial pressure and a diffusion pump to achieve a lower vacuum pressure. Furthermore, a substrate
heater equipped with a slide regulator controlled the temperature during the deposition process [29]. Pressure
measurements in the vacuum chamber were performed using a Penning manometer, while substrate temperature
was monitored using a thermocouple.

Additional equipment included a furnace used to preheat the glass substrate prior to the deposition
process. The mass of the semiconductor material was determined using a high-precision digital balance. During
the heating process, the voltage was measured using a digital multimeter to ensure stable operational conditions.
The evaporation time was controlled using a stopwatch to obtain parameters appropriate to the research
requirements. This combination of equipment allowed the preparation process to proceed in a controlled and
systematic manner.

In addition to the preparation equipment, this study also utilized various characterization instruments to
analyze the properties of the resulting materials. X-Ray Diffraction (XRD) was used to identify the crystal structure
and determine the lattice parameters of the Sn(So.sTeo.4) thin films. Scanning Electron Microscopy (SEM) was
used to observe the surface morphology, which is capable of producing high-resolution images. Meanwhile, the
chemical composition of the material was analyzed using Energy Dispersive Spectroscopy (EDS). These three
techniques complement each other in providing comprehensive information about the characteristics of the
resulting materials.
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2.2. Research Steps

This research procedure was carried out through several systematic stages, starting with material
preparation. In this stage, the main material, the Sn(So.sTeo.4) compound, was prepared for the deposition process.
The glass substrate was cleaned using detergent and alcohol to remove impurities that could affect the quality of
the thin film. Next, the substrate was heated in a furnace at 100°C to remove any remaining moisture. The
semiconductor material was then weighed at 0.25 grams using a digital scale. The material was then loaded into a
crucible in the evaporator system, followed by installation of a spacer, placement of the substrate in the holder,
installation of the substrate heater, connection of cables to the slide regulator, and tight closure of the chamber.

The next stage was material preparation using a vacuum evaporation technique. The process began by
activating the rotary pump as the primary pump to create an initial vacuum. The system was then set to the rough
valve position and left to stand for several minutes. Next, the diffusion pump was turned on as the secondary pump
with a specific voltage setting to achieve a lower vacuum pressure. The valves in the system were operated in
stages, including adjusting the back valve and bypass valve to stabilize the vacuum. The pressure in the chamber
was monitored using a Penning manometer until a stable condition was achieved. Once the vacuum was achieved,
the substrate heater was activated and set at various temperatures: 250°C, 300°C, and 350°C.

Once the desired pressure and temperature reached the desired levels, the evaporation process began by
heating the material in the crucible until it evaporated and deposited on the substrate surface [30]. This process
was controlled using a slide regulator to ensure optimal evaporation. Once all the material had evaporated, the
system was gradually shut down by resetting the voltage to zero and turning off related devices, such as the
thermocouple. The system valves were then closed according to procedure and the Penning manometer was turned
off. The diffusion pump cooled for approximately 45 minutes before the system was completely shut down. This
stage concluded by turning off all pumps used in the system.

The next step was to collect the thin film preparation results. This process began by normalizing the air
pressure in the chamber by relaxing the available valves. The chamber is then opened and removed from its
mounting to collect the sample. Components such as the substrate heater and holder are carefully removed to avoid
damaging the thin film. The deposited sample is then removed and stored in a sealed container to prevent oxidation.
Once the sampling process is complete, the chamber is tightly closed again to maintain the instrument's condition.

2.3. Characterization Stage of the Preparation Material

The characterization phase was carried out to identify the structural properties and composition of the
prepared Sn(So.sTeo.«) thin films. The first characterization was performed using X-Ray Diffraction (XRD)
techniques using a Miniflex 600 Rigaku instrument equipped with a Cu tube with an X-ray wavelength of 1.54060
A. This technique aims to determine the crystal structure and lattice parameters of the thin films produced by the
vacuum evaporation method. The characterization process begins with preparing the samples to be tested, then
mounting them in the XRD instrument's specimen chamber. After the measurement process is complete, the
diffraction data are printed and analyzed to identify the crystal phases formed.

In addition to XRD, characterization was also performed using Scanning Electron Microscopy (SEM)
and Energy Dispersive Spectroscopy (EDS). SEM is used to observe the surface morphology of the thin films to
obtain information in the form of high-resolution images. Meanwhile, EDS is used to determine the chemical
composition of the material through analysis of the elemental spectra contained in the samples. These two
techniques complement each other in providing a comprehensive picture of the physical and chemical
characteristics of the material. Thus, the characterization results can be used to evaluate the quality of the resulting
thin film.

The SEM and EDS characterization process begins with cutting the prepared sample to the required size.
The sample is then attached to a holder using conductive glue to ensure good electrical contact during observation.
Next, the sample is heated using a water heater to dry the conductive glue and ensure complete adhesion.
Afterward, the sample surface is cleaned of dust using a hand blower to avoid interfering with the observation
results. The prepared sample is then placed in the specimen chamber of the SEM and EDS instruments for analysis.

During the observation stage, specific areas of the sample are selected for detailed observation using the
SEM. This process produces surface morphology images that reveal characteristics such as grain size and layer
homogeneity. Simultaneously, EDS analysis is performed to obtain elemental composition data in the form of
spectra. The resulting data is then recorded and stored in a file for further analysis. Through this step,
comprehensive information is obtained regarding the surface structure and chemical composition of Sn(So.sT€o.4)
thin films.

2.4. Data Analysis Techniques

The data analysis technique in this study began with processing the X-Ray Diffraction characterization
results in the form of diffractograms. These diffractograms display the relationship between intensity and the
diffraction angle (26), which serves as the basis for identifying the material's crystal structure. The measured data
were then compared with standards from the Joint Committee on Powder Diffraction Standards database to
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determine the crystal planes (hkl) formed. Next, lattice parameters, such as a, b, and ¢, were calculated using
analytical methods based on the obtained diffraction data. This analysis enabled the evaluation of the crystal
structure of each sample.

The diffractogram results and lattice parameters from several samples were then compared to determine
the effect of variations in substrate temperature on the resulting crystal structure. This comparison provides an
overview of the optimum conditions in the thin film preparation process. Thus, the sample with the best crystal
quality can be determined based on the sharpness of the diffraction peaks and its agreement with the standard data.
The best sample was then selected for further characterization. This approach aims to obtain more focused and in-
depth analysis results.

Further analysis was performed using Scanning Electron Microscopy to observe the surface morphology
of the thin film. The data obtained consisted of images showing the shape, size, and distribution of grains on the
material's surface. From these images, the homogeneity and density of the resulting thin film structure can be
analyzed. This information is crucial for determining the film's quality as an absorbent material. Furthermore,
SEM results provide a visual representation that supports the interpretation of crystal structure data.

Next, characterization using Energy Dispersive Spectroscopy was performed to determine the material's
chemical composition. Energy Dispersive Spectroscopy data is displayed in the form of a spectrum, demonstrating
the relationship between the intensity and energy of the detected signal. This spectrum allows the elements present
in the sample to be identified. Furthermore, the percentage composition of each element can be calculated to ensure
compliance with the planned initial composition. Thus, Energy Dispersive Spectroscopy analysis provides
additional information regarding the chemical properties of the resulting material.

3.  RESULTS AND DISCUSSION
3.1. Characterization of Crystal Structure and Lattice Parameters of XRD (X-Ray Diffraction) Results

X-Ray Diffraction (XRD) characterization in this study was used to identify the crystal structure and
determine the lattice parameters of a thin film of Sn(Se.sTeo.4) produced by vacuum evaporation. The XRD
measurement results are in the form of a diffractogram showing the relationship between the scattering angle (26)
and the intensity (I) of the diffraction peaks. The recorded intensity reflects the number of signals received by the
detector during the measurement process. This diffraction pattern serves as the basis for determining the crystal
phase and the orientation of the crystal planes (hkl). Thus, XRD characterization provides fundamental information
regarding the structure of the resulting material.

This characterization process used a copper (Cu) radiation source with a wavelength () of 1.54056 A.
Measurements were carried out under operating conditions with a voltage of 40 kV and a current of 15 mA to
produce stable X-rays. The observed diffraction angle (20) ranges from 0° to 90°, allowing identification of the
various diffraction peaks that appear. This parameter setting is crucial for obtaining accurate and representative
data on the material's crystal structure. Under these conditions, the diffractogram results can be optimally analyzed.

The diffraction patterns produced from Sn(So.sTe€o.4) thin films show characteristic variations based on
the substrate temperature used during the preparation process. Samples prepared at 250°C, 300°C, and 350°C
produce different diffraction patterns, both in terms of peak position and intensity. These differences indicate
changes in the crystal structure and degree of crystallinity of the material. Further analysis of the diffraction peaks
can be used to determine the dominant crystal plane. Thus, variations in substrate temperature influence the
structural properties of the thin films.

The diffractogram results for each substrate temperature variation are presented in graphical form in
Figures 1, 2, and 3. These graphs show the distribution of diffraction peaks that characterize the material's crystal
structure. By comparing the diffractograms, the optimum conditions that produce the best crystal structure can be
analyzed. This information is crucial in determining the quality of the material as a candidate absorber in solar
cells. Therefore, XRD analysis is a key step in this research.
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Figure 1. XRD Difactogram of Sn(S0.6Te0.4) Thin Film with Substrate Temperature of 250°C
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Figure 2. XRD Difactogram of Sn(S0.6Te0.4) Thin Film with Substrate Temperature of 300°C
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Figure 3. XRD Difactogram of Sn(S0.6Te0.4) Thin Film with Substrate Temperature of 350°C
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Figure 4. XRD Results of Sn(S0.6Te0.4) Thin Film for Sample 1, Sample 2 and Sample 3

The three prepared samples were analyzed comparatively by combining the diffractogram data using
Origin software. This merging facilitates comparison of the diffraction peak characteristics of each sample. Based
on the results shown in Figure 4, the main difference lies in the intensity of the resulting diffraction peaks. The
sample with a substrate temperature of 350°C exhibited the highest peak intensity, particularly at a diffraction
angle (20) of approximately 30°. Meanwhile, the samples at temperatures of 250°C and 300°C had relatively lower
intensities.

This difference in intensity indicates the level of atomic order in the thin film's crystal structure. The
higher the intensity of the diffraction peak, the better the atomic order in the material. Therefore, the sample
prepared at 350°C had the highest degree of crystallinity compared to the other samples. This indicates that
increasing the substrate temperature has a positive effect on the quality of the crystal structure. Therefore, a
temperature of 350°C can be considered the optimum condition for the preparation of Sn(So.sT€o.4) thin films.

To determine the crystal lattice parameters, the initial step is to identify the Miller index (hkl) of each
diffraction peak. The (hkl) value is determined by matching the measured diffraction angle (20) with standard data
from the JCPDS database. This process allows the identification of the crystal planes contributing to the observed
diffraction peaks. By knowing the Miller index, the crystal lattice parameters can be calculated analytically. This
step is a crucial step in quantitatively understanding the crystal structure of the material.
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In searching for JCPDS standard data, PCPDFWIN software was used to obtain appropriate references.
Based on the standard data, it was found that SnS has an orthorhombic crystal structure. The orthorhombic crystal
system is characterized by different lattice parameters along each axis (a # b # c¢) and an angle between the axes o
=B =1v=90°. The agreement between the experimental data and standard data indicates that the crystal structure
of the formed thin film is close to the structure of SnS. The matching data are then presented in tabular form for
each sample, which can be seen in Table 1, Table 2, Table 3.

Table 1. Comparison of XRD Data of Sn(S0,6Te0,4) Thin Film Research Sample 1 (250°C) with JCPDS Data of
SnS and SnTe Materials

Sn(S0,6Te0,4) Sampel 1 SnS JCPDS SnTe JCPDS
Peak 20 () 1 (%) 20 ) 20 () hkl SnS hkl SnTe
1 29.638 45.31 - - - -
2 30.231 100 30.472 - 101 -
3 37.057 10.26 - - - -
4 42.81 15.73 42.504 - 210 -
5 48.71 11.64 48.507 - 211 -
6 63.29 7.0 63.387 - 202 -

Table 2. Comparison of XRD Data of Sn(S0,6Te0,4) Thin Film Research Sample 2 (300°C) with JCPDS Data of
SnS and SnTe Materials

n Te0,4) Sampel 1 n PD nT PD
Peak Sz(g%? c0.4) Sa 113“;%) 5 i;f) S S ;ejg) S hKkiSnS  hklSnTe
1 29.74 100 i 5 101 -
2 36.83 438 i - - ;
3 42.7579 7.97 44.737 ; 141 ;
4 48.8737 4.75 51.084 ; 12 :

Table 3. Comparison of XRD Data of Sn(S0,6Te0,4) Thin Film Research Sample 3 (350°C) with JCPDS Data of
SnS and SnTe Materials

Sn(S0,6Te0,4) Sampel 1 SnS JCPDS SnTe JCPDS
Peak 20 ) 1(%) 20 () 20 () hkl SnS hkl SnTe
1 28.626 35.92 - 28.307 - 200
2 30.507 100 30.472 - 101 -
3 31.64 32.70 31.530 - 111 -
4 40.78 11.71 - 40.413 - 220
5 43.47 16.86 42.504 - 210 -
6 66.61 3.002 66.560 66.224 171 420

Based on the data in the table obtained, the lattice parameters and crystal structure of the Sn(So.¢Teo.4)
thin film can be determined through analytical calculations. These calculations refer to the basic principle of X-
ray diffraction, explained by Bragg's Law. This principle states that diffraction patterns are formed by the
interaction between X-rays and crystal planes in a material. Thus, information about the distance between crystal
planes can be calculated from the resulting diffraction angles. This makes XRD the primary method for crystal
structure analysis.

The relationship between diffraction angle, wavelength, and crystal plane distance follows the following
Bragg's Law equation:

nA = 2dsin 0

Using this equation, the distance between crystal planes (d) can be calculated based on the diffraction
angle (20) obtained from the experimental results. This d value is then used in a further equation to determine the
crystal lattice parameters. The lattice parameter calculations are performed using equations appropriate to the
resulting crystal system [31]. In this study, we used equations for the orthorhombic crystal system because the
resulting structure is based on standard SnS data. Using this approach, the lattice parameter values a, b, and ¢ were
obtained for each sample.

The analytical lattice parameter calculations were then compared with standard data from the JCPDS
database for SnS. This comparison aims to determine the degree of agreement between the resulting crystal
structure and existing references. If the obtained lattice parameter values are close to the standard data, it can be
concluded that the resulting crystal structure conforms to the orthorhombic structure of SnS. Furthermore,
differences in values may indicate the influence of Te substitution in the crystal structure. Therefore, this analysis
provides important information regarding structural changes due to compositional variations.
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The calculated lattice parameter values and their comparison with the JCPDS data are presented in tabular
form for ease of interpretation. These data demonstrate a trend in lattice parameter changes due to variations in
preparation conditions. Therefore, these analysis results can be used to evaluate the crystal structure quality of
Sn(So.6Teo.4) thin films. Furthermore, this information also supports the determination of the best material as an
absorber candidate for solar cell applications.

Table 4. Comparison of Lattice Parameter Values of Sn(S0.6Te0.4) Thin Films from XRD Characterization with
JCPDS SnS Data
Sample Sn(S0,6Te0,4)

Grid parameters JCPDS Sn(S0,6Te0,4)

1 2 3
a(A) 430 429 423 4329
b (A) 10.4 11.9 11.19 11.19
c(A) 4.01 4.19 4.03 3.983

Based on Table 4, the lattice parameters a, b and ¢ of Sn(S0,6Te0,4) can be seen from the research results
and JCPDS data for SnS. Of the three samples, there is no significant difference in the lattice parameters, this
indicates that variations in substrate temperature do not affect the lattice, but affect the relative intensity.

3.2. Characterization of the Chemical Composition of Sn(S0.6Te0.4) Thin Films by Energy Dispersive
Spectroscopy (EDS)

EDS is a tool used to determine the chemical composition of a material. In EDS characterization, the thin
layer tested was a thin layer of Sn(S0,6Te0,4) sample 3 with a substrate temperature of 350°C. Characterization
using EDS was carried out after the crystals were characterized using XRD. The results of EDS performed on a
thin layer of Sn(S0,6Te0,4) sample 3 can be seen in Figure 5.

Figure 5. Graph between Intensity and Energy of EDS Characterization Results of Sn(S0.6Te0.4) Thin Films

Based on Figure 5, it can be seen that the preparation of thin film semiconductor crystals Sn(S0,6Te0,4)
contains Stannum (Sn), Sulfur (S), and Tellurium (Te) elements. The comparison of the percentage composition
of the basic materials, namely the elements Sn = 51.87%, S = 28.41%, Te = 19.72%. The comparison of 66
elemental compositions of Sn(S0,6Te0,4) semiconductor crystals resulting from EDS characterization with theory
can be seen in Table 5.

Table 5. Comparison of Molarity of Sn : S : Te Elements in Sn(S0.6Te0.4) Semiconductor Crystals from EDS
Characterization Results and Theory

Sn S Te
According to EDS Research 1 0.55 0.38
In Theory 1 0.6 0.4

Based on Table 5, it can be seen that the elemental composition of Sn(S0,6Te0,4) as a result of EDS
characterization has a mole ratio of each material Sn: S: Te, namely 1: 0.55: 0.38. While according to the theory,
it is 1: 0.6: 0.4. The results of EDS characterization show that the results of the chemical composition from the
EDS analysis compared to the theory indicate that there is a change in the atomic composition of S and Te. This
discrepancy can indicate that the crystals grown experience a non-stoichiometric event. Non-stoichiometric events
can occur during the vacuum process, when the material evaporates from the crucible to the substrate does not
adhere perfectly.
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XRD characterization results indicate that increasing substrate temperature significantly affects the
quality of the resulting Sn(Se.sTeo.4) crystals. The increase in diffraction peak intensity at 350°C indicates increased
atomic order in the crystal structure. Physically, this can be explained by the fact that higher temperatures provide
sufficient kinetic energy for atoms to move and occupy more stable lattice positions. Thus, the atomic diffusion
process during deposition is more optimal, resulting in a more regular and homogeneous crystal structure.
Furthermore, the tendency of the crystal structure to approach the orthorhombic SnS system indicates that the
substitution of Te into the lattice does not significantly alter the basic structure but rather affects the material's
electronic parameters. This indicates that Sn(So.cTeo.4) is a structurally stable alloy, potentially maintaining good
mechanical properties and thermal stability. This structural stability is a critical factor in solar cell applications, as
absorber materials must be able to operate under varying environmental conditions without experiencing structural
degradation.

In terms of lattice parameters, the results showed no significant changes in the a, b, and ¢ values despite
variations in substrate temperature [32], [33]. This indicates that temperature plays a greater role in increasing
crystallinity than in changing the underlying crystal structure. In other words, the deposition process within the
temperature range used remains within the stability limits of the material's crystal structure. However, the slight
variation in lattice parameter values can be attributed to the partial substitution effect of Te for S, which causes
minor distortions in the crystal lattice due to differences in atomic radii. EDS characterization results confirm the
finding that the resulting material contains the main elements Sn, S, and Te with a composition close to the
theoretical value. However, the compositional deviation indicates a non-stoichiometric phenomenon during the
deposition process. This is likely due to differences in the evaporation rates of each element, where elements with
higher vapor pressures tend to evaporate more easily and are not completely deposited evenly on the substrate
[34], [35]. This condition is common in vacuum evaporation methods and presents a challenge in achieving a
composition that accurately matches the initial design.

This non-stoichiometric phenomenon also has implications for the optical and electronic properties of the
material. Compositional imbalances can lead to the formation of crystal defects (defect states), which affect the
material's band gap and conductivity [36]. In the context of solar cell applications, the presence of these defects
can be positive or negative, depending on their type and concentration. Therefore, compositional control is a crucial
aspect in optimizing material performance as an absorber. Overall, the results of this study indicate that substrate
temperature and compositional control play key roles in determining the quality of Sn(So.sTe€o.4) thin films. The
combination of a favorable crystal structure, a composition close to stoichiometry, and potentially suitable optical
properties make this material a promising candidate for solar cell applications [37], [38]. However, to achieve
optimal performance, further development is needed, particularly in controlling the deposition process and
improving layer homogeneity.

This research has significant implications for the development of alternative materials for solar cell
applications, particularly through the exploration of Sn(So.sTeo.4) thin films as potential absorber candidates. The
results show that substrate temperature control can enhance the material's crystallinity, while the combination of
S and Te elements provides flexibility in engineering the material's properties. These findings contribute to the
development of chalcogenide-based materials that are more efficient, stable, and potentially more environmentally
friendly than conventional materials [39], [40]. Furthermore, this research provides a more comprehensive
understanding of the relationship between crystal structure and chemical composition on the quality of the resulting
thin films.

However, this research has several limitations that should be considered. The synthesis process was
conducted at a laboratory scale and therefore does not fully represent industrial-scale production conditions.
Furthermore, control over the material composition was not optimal, as evidenced by stoichiometric deviations in
the EDS results due to differences in the evaporation rates of each element. This research also did not include
direct analysis of optical and electrical properties, which are critical parameters in determining the performance of
amaterial as a solar cell absorber. Therefore, further research is needed to optimize deposition parameters, improve
composition homogeneity, and assess material performance in real-world photovoltaic device applications.

4. CONCLUSION

Based on the research results, Sn(So.sTe€o.4) thin films were successfully synthesized using the vacuum
evaporation method with substrate temperature variations of 250°C, 300°C, and 350°C. The XRD characterization
results showed that increasing the substrate temperature increased the intensity of the diffraction peaks, which
indicated an increase in crystallinity, with the optimum condition obtained at a temperature of 350°C. The crystal
structure formed approached the orthorhombic SnS system with lattice parameters that did not change significantly
with temperature variations. EDS analysis showed that the elemental composition was close to the theoretical
value, although there was a slight deviation due to non-stoichiometric phenomena during the deposition process.
Overall, Sn(So.cTeo.4) material has potential as an absorber in solar cells, and further research can be focused on
optimizing the composition and improving the quality of the coating to increase the efficiency of photovoltaic
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applications. Further research is recommended to examine the optical and electrical properties of Sn(So.sT€o.4) thin
films to directly evaluate their performance as absorber materials in solar cells. Furthermore, more precise
optimization of deposition parameters and composition control, as well as device-scale testing, are needed to
improve material efficiency and stability.
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