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ABSTRACT: Tin selenide-telluride (Sn[SexTe1‒x]) alloys are promising candidates for next-
generation solar cell applications; however, their structural characteristics are still not fully 
understood. This study investigates the effect of selenium (Se) and tellurium (Te) composition 
on the structural properties of bulk-derived Sn(SexTe1‒x) thin films with x = 0.0, 0.2, 0.4, 0.6, 
0.8 and 1.0. The bulk alloys were synthesised using the Bridgman method and subsequently 
employed as source materials for the thin-film fabrication via vacuum evaporation. Energy-
dispersive X-ray spectroscopy analysis revealed increasing deviations from ideal stoichiometry 
with higher Se content, particularly in the bulk samples. In contrast, the thin films exhibited 
compositions closer to the intended Se-to-Te ratios, attributed to more controlled deposition 
and reduced segregation during film growth. Scanning electron microscopy analysis showed 
that bulk samples exhibited significant grain structure variation with increasing Se content, 
whereas thin films displayed a more uniform morphology—transitioning from granular to 
nanostructured features. X-ray diffraction analysis revealed a structural transition from a 
cubic phase (SnTe, x = 0.0) to an orthorhombic phase at higher Se concentrations (x ≥ 0.6), 
accompanied by corresponding changes in lattice parameters. At x = 1.0 (SnSe), both the bulk 
and thin-film samples exhibited identical lattice parameters (a = 11.470 Å, b = 4.152 Å and c 
= 4.439 Å), confirming the formation of a pure orthorhombic phase. These findings emphasise 
the importance of compositional control in tuning the structural phases of Sn(SexTe1‒x) alloys 
and demonstrate the viability of fabricating high-quality thin films from bulk-derived source 
materials. The successful transfer of structural integrity from bulk to thin-film form opens new 
avenues for optimising these materials for photovoltaic device applications.
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1.	 INTRODUCTION

The ongoing development of renewable energy is crucial for mitigating the global 
energy crisis. Among various approaches, harnessing solar energy—our most 
abundant energy source—has gained significant attention. Researchers have focused 
on advancements in photovoltaic technology and photocatalysis to efficiently convert 
solar energy into usable forms.1‒3  Photovoltaic technology, commonly referred to 
as solar cells, utilises semiconductor materials to convert solar energy into electrical 
energy owing to their ability to absorb light and facilitate charge transport.4 The 
efficiency and performance of these cells depend significantly on the properties of the 
semiconductor materials.1,5‒7 

Among various semiconductor materials, tin chalcogenide semiconductor alloys, 
such as tin selenide (SnSe) and tin telluride (SnTe), are particularly promising for 
solar cell applications due to their efficient light absorption and excellent electrical 
conductivity.8‒10  These materials also offer the advantages of being low-cost and non-
toxic.11 SnSe, a p-type semiconductor, has an energy gap of approximately 0.9 eV‒ 
1.3 eV, making it suitable for photovoltaic applications with an efficiency of about 
23% as well as for photodetectors.12‒14 SnSe exhibits an orthorhombic structure with 
a space group of Pnma.15 The crystal phase of SnSe has attracted great interest for 
photovoltaic cells because it represents an intermediate between three-dimensional 
crystalline networks and two-dimensional layered compounds.16 On the other hand, 
SnTe is a narrow band gap semiconductor (approximately 0.1 eV‒0.25 eV) and is 
primarily used as a thermoelectric material.17 The crystal structure of SnTe exhibits 
a cubic structure with a space group of 3Fm m.18,19 The formation of tin selenide-
telluride (Sn[SexTe1‒x]) combines the favourable transport properties of SnTe with 
the wider band gap and structural stability of SnSe, enabling tuneable optoelectronic 
performance for solar cell applications. The crystal structure of solar cell semiconductors 
critically affects their band gap, carrier mobility and light absorption, determining 
overall efficiency.20,21 Thus, achieving the appropriate crystal structure in Sn(SexTe1-x) 
thin films is crucial for enhancing their photovoltaic performance. 

In this study, Sn(SexTe1‒x) alloys with varying Se‒Te compositions were first synthesised 
in bulk form using the Bridgman method and subsequently used as source materials to 
fabricate thin films via vacuum evaporation. Elemental composition analysis revealed 
stoichiometric deviations in both the bulk materials and thin films with increasing Se 
content, although the thin films exhibited a closer match to the ideal Se-to-Te ratio. 
A phase transition from a cubic structure at x = 0.0 to an orthorhombic structure at 
higher Se concentrations (x ≥ 0.6) was observed in both bulk and thin-film forms, 
demonstrating the successful fabrication of thin films from bulk Sn(SexTe1‒x) alloys. 
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2.	 EXPERIMENTAL

2.1	 Preparation of Bulk and Thin-Film Sn(SexTe1‒x) Alloys 

The preparation of Sn(SexTe1‒x) alloys in both bulk and thin-film forms was carried 
out following established methodologies.16,20 Bulk Sn(SexTe1‒x) alloys with varying Se 
and Te compositions (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) were synthesised using high-
purity Sn (99.99%), Se (99.99%) and Te (99.99%) via the Bridgman method. The 
composition parameter x for each alloy was carefully controlled, with the Se and Te 
fractions calculated accordingly. The mass of Se (mSe) was determined using Equation 
(1), while the mass of Te (mTe) was calculated using Equation (2).16

( )Sn
Se Se

Sn

mm x A
A

= 		
	 (1)

( )Sn
Te Te

Sn

1mm x A
A

= − 			
	 (2)

where mSn denotes the mass of Sn and ASe, and ATe represent the atomic weights of Se 
and Te, respectively. The constituent elements were mixed in a pyrex tube, previously 
cleaned using a solution of HF, HNO3 and H2O in a 2:3:5 ratio, then dried at 80°C 
for 8 h in a heating chamber. The tube was subsequently evacuated to 10‒5 Torr, 
sealed by welding at one end, and the resulting capsule containing the Sn, Se and Te 
powders was subjected to controlled heating in a furnace.

The Sn(SexTe1‒x) thin films were fabricated using the vacuum evaporation technique. 
The substrates for the Sn(SexTe1‒x) thin films were glass slides with an area of 2 cm 
× 2 cm, and the coated area corresponded to the entire substrate surface. The source 
material was an Sn‒Se‒Te alloy initially synthesised via the Bridgman method, then 
ground into powder and placed in a molybdenum boat. A substrate heater was set to 
a temperature of 300°C or 350°C depending on the composition to promote effective 
thin-film crystallisation. These temperatures were selected based on optimisation trials 
in previous studies.16,20 The deposition process was carried out under high-vacuum 
conditions, with a working pressure of approximately 4 × 10‒5 Torr. Once a stable 
pressure was achieved, the source heater was set to 100 V, allowing the source material 
in the crucible to fully evaporate. The deposition time was approximately 5 min to 
ensure a uniform film thickness across all compositions. After deposition, the system 
was allowed to cool undisturbed for 12 h before the chamber was opened and the thin 
films were retrieved.
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2.2	 Characterisation of Bulk and Thin-Film Sn(SexTe1‒x) Alloys 

The morphology and elemental composition of both the bulk materials and thin  
films of the Sn(SexTe1‒x) alloy were assessed using scanning electron microscopy  
(SEM, JSM-6360; JEOL Ltd., Tokyo, Japan), equipped with an energy-dispersive  
X-ray spectrometer (EDX). The EDX measurements were conducted on three 
different areas of each sample (both bulk and thin films), and the reported elemental  
compositions were the average values of these measurements to ensure  
representativeness. Crystal structure analysis was carried out using X-ray diffraction 
(XRD, MiniFlex 600, Rigaku Corp., Tokyo, Japan) with Cu Kα radiation  
(λ = 1.5406 Å). Instrument calibration and correction for displacement and zero  
shift were conducted using SRM Si640d.

3.	 RESULTS AND DISCUSSION

3.1	 Elemental Composition

The elemental composition of both bulk materials and thin films of Sn(SexTe1‒x) alloy 
was investigated using EDX. Figure 1 presents the EDX spectra of the bulk alloys, 
with x = 0.2, 0.4, 0.6 and 0.8, while the EDX data for x = 0.0 and x = 1.0 have been 
reported in previous studies.16,20 Table 1 summarises the elemental compositions of 
the bulk alloys, with an estimated EDX error of ± 1 at.%. The EDX analysis revealed 
deviations from the ideal stoichiometry in the bulk Sn(SexTe1‒x) alloys with increasing 
Se content. For x = 0.0, the measured composition was Sn = 53.60% and Te = 46.95%, 
with no detectable Se, corresponding to a formula of SnTe0.88, indicating a slight 
deficiency in Te. As x increased, the measured Se content also rose, accompanied 
by a corresponding decrease in Te content. At x = 0.6, the deviation became more 
significant, with Se content reaching 30.52% and Te content decreasing to 10.89%, 
resulting in a formula of Sn(Se0.52Te0.2). For x = 1.0, the measured composition was 
SnSe0.94, which closely approximates the expected stoichiometry of SnSe. 
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Figure 1: EDX spectra of Sn(SexTe1‒x) bulk alloys with varying Se content: (a) x = 0.2,  
(b) x = 0.4, (c) x = 0.6 and (d) x = 0.8.

Table 1: Elemental composition of Sn(SexTex-1) bulk alloys analysed by EDX

No x
Ideal 

composition
Elemental composition from EDX (%) Measured 

compositionSn Se Te

1 0.0 SnTe 53.60 0 46.95 SnTe0.88

2 0.2 Sn(Se0.2Te0.8) 53.47 4.19 42.34 Sn(Se0.1Te0.8)

3 0.4 Sn(Se0.4Te0.6) 53.67 11.39 34.93 Sn(Se0.2Te0.6)

4 0.6 Sn(Se0.6Te0.4) 58.58 30.52 10.89 Sn(Se0.52Te0.2)

5 0.8 Sn(Se0.8Te0.2) 39.85 36.09 2.57 Sn(Se0.9Te0.1)

6 1.0 SnSe 49.18 50.82 0 SnSe0.94

The Sn(SexTe1‒x) thin films were synthesised using bulk alloys, which had been 
previously prepared and characterised. Given that the elemental compositions of the 
bulk materials deviated from the ideal stoichiometry, it is important to evaluate how 
these deviations influence the resulting thin films. To assess the elemental composition 
of the thin films, EDX measurements were conducted, as shown in Figure 2 for  
x = 0.2, 0.4, 0.6 and 0.8, while the compositions for x = 0.0 and x = 1.0 were reported 
in previous studies.16,20 The corresponding quantitative data are summarised in  
Table 2. EDX analysis revealed that the actual compositions of the Sn(SexTe1‒x) thin 
films slightly deviated from the ideal stoichiometric values. In contrast to bulk alloys, 
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the measured compositions of the thin films were closer to the ideal, with formulas 
of SnTe0.94, Sn(Se0.2Te0.7), Sn(Se0.44Te0.51), Sn(Se0.55Te0.38), Sn(Se0.83Te0.18) and 
SnSe0.94 for x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0, respectively. The thin films exhibited 
compositions that were more closely aligned with the ideal stoichiometry than their 
bulk counterparts, suggesting that the vacuum evaporation process allowed for better 
control over compositional accuracy, likely due to reduced segregation effects and 
more stable deposition conditions.9,20‒23 These differences may be attributed to factors 
such as the higher vapour pressure of Se compared to Te, substrate interactions and 
thermal re-evaporation during film growth.20,21
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Figure 2: EDX spectra of bulk-derived Sn(SexTe1‒x) thin films with varying Se content:  
(a) x = 0.2, (b) x = 0.4, (c) x = 0.6 and (d) x = 0.8.

Table 2: Elemental composition of bulk-derived Sn(SexTex‒1) thin films analysed by EDX

No x
Ideal 

composition
Elemental composition from EDX (%) Measured 

compositionSn Se Te

1 0.0 SnTe 51.92 0 49.08 SnTe0.94

2 0.2 Sn(Se0.2Te0.8) 54.22 9.59 36.12 Sn(Se0.2Te0.7)

3 0.4 Sn(Se0.4Te0.6) 51.20 22.64 26.16 Sn(Se0.44Te0.51)

4 0.6 Sn(Se0.6Te0.4) 51.87 28.41 19.72 Sn(Se0.55Te0.38)

5 0.8 Sn(Se0.8Te0.2) 49.66 41.28 9.06 Sn(Se0.83Te0.18)

6 1.0 SnSe 49.18 50.82 0 SnSe0.94
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3.2	 Surface Morphology

The SEM images presented in Figure 3 provide a direct comparison of the 
morphological characteristics between bulk materials and thin films. The bulk samples 
displayed distinct grain structures. At x = 0.2, large-faceted grains were observed, 
characteristic of the slow solidification associated with the Bridgman method  
(Figure 3[a]). At x = 0.6, the grains appeared smaller and more aggregated, indicating 
a shift in nucleation and growth behaviour as the Se content increased (Figure 
3[b]). In contrast, the thin-film samples exhibited a more uniform morphology. The 
sample with x = 0.2 showed a fine granular structure, suggesting a homogeneous 
film with limited grain coalescence (Figure 3[c]) . At x = 0.6 and x = 1.0, the 
surface evolved into a nanostructured pattern, likely influenced by deposition rate 
and substrate interaction (Figures 3[d] and 3[e]). The Sn(SexTe1-x) thin films were 
deposited using identical vacuum evaporation parameters, resulting in comparable 
estimated thicknesses of approximately 1.5 μm, based on cross-sectional SEM analysis  
(Figure 3[f], SnSe sample).

 
0.5 μmx 40,000

(a) x = 0.2 (bulk material) (b) x = 0.6 (bulk material)

(c) x = 0.2 (thin film) (d) x = 0.6 (thin film)

1 μmx 10,000
1 μm

x 10,000

0.5 μmx 30,0000.5 μmx 30,000

(e) x = 1.0 (thin film) (f) x = 1.0 (thin film)

1 μmx 10,000

1.5 μm

Figure 3: SEM images of Sn(SexTe1‒x) alloys: (a, b) bulk sample with x = 0.2 and 0.6;  
(c‒e) thin films with x = 0.2, 0.6 and 1.0; (f) cross-sectional image of the SnSe 
thin-film. 
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Although this thickness is slightly above the typical submicron range, it remains 
consistent with previous reports (approximately 1.3 μm),9 and is still commonly 
referred to as “thin-film” in photovoltaic research due to its uniform deposition on 
thick glass substrates.

3.3	 Crystal Structure

Despite minor discrepancies, the elemental composition of both bulk and thin-film 
samples remained within acceptable ranges and was considered suitable for further 
structural analysis. The lattice parameters of Sn(SexTe1‒x) alloys in both bulk and thin-
film forms were analysed based on their XRD patterns. Figure 4(a) presents the XRD 
results for bulk samples, with x = 0.0–1.0. At x = 0.0, the diffraction peaks observed 
at 2θ values of 28.30°, 40.46°, 50.10°, 58.50°, 66.18° and 73.65° were indexed to the 
(200), (220), (222), (400), (420) and (422) planes, respectively, in accordance with 
the JCPDS reference for cubic SnTe (No. 46-1210).11,18 In contrast, for x = 1.0, the 
XRD patterns exhibited diffraction peaks at 2θ values of 30.06°,  30.70°, 37.47°, 43.60°, 
49.42°, 51.49°, 54.14° and 64.70°, corresponding to the (011), (111), (311), (020), 
(302), (511), (420) and (800) planes, respectively. These peaks matched well with 
the JCPDS reference for orthorhombic SnSe (No. 32-1382).12,18,24 For intermediate 
compositions (x = 0.2–0.8), the diffraction patterns indicated the coexistence of SnTe 
and SnSe phases. Notably, at x = 0.2 and 0.4, SnTe peaks were more dominant, 
although weak SnSe peaks could still be detected with (111) plane at 2θ ≈ 30.70°. 
The intensity ratio of the SnSe (111) peak to the SnTe (200) peak for x = 0.2 and 0.4 
was approximately 0.5, indicating that the samples were still predominantly cubic. 
Moreover, at x = 0.5, the intensity ratio increased to 1.6, indicating a more balanced 
biphasic structure (Figure 4[b]). Conversely, at x = 0.6 and 0.8, the dominant peaks 
corresponded to SnSe, while weak SnTe peaks remained visible as shown by (200) 
and (220) planes at 2θ ≈ 28.30° and 40.46°, respectively. The intensity ratio of the 
SnSe (111) peak to the SnTe (200) peak increased significantly to 4.8 and 9.5 at 
x = 0.6 and 0.8, respectively, suggesting a transition in phase dominance from 
cubic to orthorhombic. The results suggest a gradual structural transition and phase 
competition between SnSe and SnTe as the Se/Te ratio varies. Slight shifts in the 
2θ positions relative to the standard patterns are due to lattice strain, compositional 
variations, or synthesis-related factors, which can induce minor distortions while 
preserving the overall crystal structure.

Table 3 summarises the lattice parameters of the bulk Sn(SexTe1‒x) alloys, with an 
estimated uncertainty of ± 0.005 Å attributed to peak fitting. The results confirm a 
distinct structural transition as the Se content increases. At x = 0.0, corresponding 
to SnTe0.88, the material exhibited a cubic crystal structure with lattice parameters a 
= b = c = 6.320 Å, consistent with the values reported in previous studies for cubic 
SnTe.11,18‒19 However, as the Se content increased to x ≥ 0.6, a phase transition to an 
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orthorhombic structure was observed, reflected in the anisotropic lattice parameters. 
For example, the sample with x = 0.6 exhibited orthorhombic lattice parameters of 
a = 11.680 Å, b = 4.280 Å and c = 4.456 Å. The fully substituted sample (x = 1.0), 
corresponding to SnSe0.94, showed lattice parameters of a = 11.470 Å, b = 4.152 Å 
and c = 4.439 Å, which are in good agreement with previously reported values for 
orthorhombic SnSe. 12,14,15,20
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Figure 4: XRD patterns of Sn(SexTe1‒x) bulk alloys with (a) x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 and 
(b) x = 0.5. The vertical bars indicate the standard JCPDS reference peaks for SnTe 
(No. 46-1210) and SnSe (No. 32-1382).

Table 3: Lattice parameters of Sn(SexTex‒1) bulk alloys obtained from XRD analysis

No x
Measured 

composition
Lattice parameters

a (Å) b (Å) c (Å) Type

1 0.0 SnTe0.88 6.320 6.320 6.320 Cubic

2 0.2 Sn(Se0.1Te0.8) 6.310 6.310 6.310 Cubic

3 0.4 Sn(Se0.2Te0.6) 6.310 6.310 6.310 Cubic

4 0.6 Sn(Se0.52Te0.2) 11.680 4.280 4.456 Orthorhombic

5 0.8 Sn(Se0.9Te0.1) 11.510 4.140 4.280 Orthorhombic

6 1.0 SnSe0.94 11.470 4.152 4.439 Orthorhombic
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The XRD patterns of Sn(SexTe1‒x) thin films with varying Se content (x = 0.0–1.0) 
exhibited a clear compositional dependence, closely mirroring the structural evolution 
observed in bulk counterparts (Figure 5). At x = 0.0 (Figure 5[a]), the diffraction 
peaks appeared at 2θ values of 28.28°, 40.40°, 50.06°, 58.31°, 66.18° and 73.48°, 
corresponding to the (200), (220), (222), (400), (420) and (422) planes, respectively, 
which are consistent with the cubic phase of SnTe.11,18 In contrast, for the thin-film 
with x = 1.0, the XRD pattern exhibited peaks at 2θ values of 29.50°, 30.48°, 37.86° 
and 43.62°, indexed to the (011), (111), (311) and (020) planes, respectively, in 
agreement with the orthorhombic phase of SnSe (Figure 5[f]).12,14,15,20 For intermediate 
compositions (x = 0.2–0.8), mixed-phase patterns were evident. At x = 0.2 and 0.4, 
the diffraction peaks were primarily associated with the cubic SnTe phase, although 
a weak SnSe (111) reflection appeared at 2θ ≈ 30.48°. The intensity ratio of the SnSe 
(111) peak to the SnTe (200) peak for x = 0.2 and 0.4 was approximately 0.12 and 
0.16, respectively, indicating that the samples were still predominantly cubic. In 
contrast, at x = 0.6 and 0.8, the orthorhombic SnSe phase became dominant, while 
weak SnTe reflections corresponding to (200) and (220) planes remained visible at 
2θ ≈ 28.28° and 40.40°, respectively. The intensity ratio of the SnSe (111) peak to the 
SnTe (200) peak increased significantly to 3.5 and 6.5 at x = 0.6 and 0.8, respectively, 
suggesting a transition in phase dominance from cubic to orthorhombic. These 
findings demonstrate that the structural trends observed in thin films were consistent 
with those of the bulk materials, showing a structural transition from the cubic to the 
orthorhombic phase as the Se content increased. These results suggest that the vacuum 
evaporation process successfully preserved the essential phase characteristics across the 
composition range.

The lattice parameters of the Sn(SexTe1‒x) thin films, as listed in Table 4, further 
support the structural transition indicated by the XRD patterns. Consistent with 
the trend observed in the bulk materials, increasing Se content induced a phase 
transformation from a cubic to an orthorhombic structure. At low Se content (x = 0.0), 
corresponding to (SnTe0.94), the thin-film exhibited a cubic crystal characterised by a 
symmetric lattice (a = b = c = 6.309 Å), in agreement with standard cubic SnTe.17,19 
The structure transitioned to an orthorhombic phase with distinct lattice parameters 
at x ≥ 0.6. For the film with x = 0.6, the lattice constants were determined to be a = 
11.660 Å, b = 4.210 Å and c = 4.570 Å. At x = 1.0, the SnSe0.09 alloy yielded lattice 
parameters of a = 11.470 Å, b = 4.152 Å and c = 4.439 Å, confirming the formation 
of an orthorhombic phase consistent with that of bulk SnSe.12,13 The phase transition 
from a cubic structure at x = 0.0 to an orthorhombic structure at x ≥ 0.6, observed in 
both bulk and thin-film samples, demonstrates the successful structural replication in 
thin films synthesised from bulk Sn(SexTe1‒x) alloys via vacuum evaporation.
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Figure 5: XRD patterns of bulk-derived Sn(SexTe1‒x) thin films. The vertical bars indicate the 
standard JCPDS reference peaks for SnTe (No. 46-1210) and SnSe (No. 32-1382).

Table 4: Lattice parameters of bulk-derived Sn(SexTex‒1) thin films obtained from XRD 
analysis

No x
Measured 

composition
Lattice parameters

a (Å) b (Å) c (Å) Type

1 0.0 SnTe0.94 6.309 6.309 6.309 Cubic

2 0.2 Sn(Se0.2Te0.7) 6.310 6.310 6.310 Cubic

3 0.4 Sn(Se0.44Te0.51) 6.157 6.157 6.157 Cubic

4 0.6 Sn(Se0.55Te0.38) 11.660 4.210 4.570 Orthorhombic

5 0.8 Sn(Se0.83Te0.18) 11.420 4.190 4.460 Orthorhombic

6 1.0 SnSe0.94 11.470 4.152 4.439 Orthorhombic

The variation in Se within Sn(SexTe1‒x) alloys alters the distribution of interatomic 
electron bonds, leading to an energy imbalance that stabilises the orthorhombic phase 
at higher Se concentrations. This process is also influenced by thermodynamic factors, 
such as changes in formation enthalpy associated with increasing Se content, which 
ultimately favour the stability of the orthorhombic phase at temperatures suitable 
for photovoltaic applications.18,19 The successful preservation of structural integrity 
during the transition from bulk to thin-film form highlights the importance of 
precisely controlling the Se content in Sn(SexTe1‒x) alloys to achieve optimal material 
properties for solar cell applications.
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4.	 CONCLUSIONS

This study systematically investigated the elemental compositions and structural 
transitions of bulk-derived Sn(SexTe1‒x) thin films. The bulk samples were first 
synthesised using the Bridgman method, followed by the thin-film fabrication via 
vacuum evaporation, with Se content varied incrementally (x = 0.0, 0.2, 0.4, 0.6, 
0.8 and 1.0). EDX analysis revealed deviations from the ideal stoichiometry in both 
sample types; however, the thin films exhibited compositions more closely aligned with 
the intended stoichiometry. SEM images showed that the bulk materials exhibited 
grain structure variations depending on Se content, while the thin films displayed a 
more uniform morphology, transitioning from granular to nanostructured patterns 
as Se content increased. The XRD analysis demonstrated a phase transition from a 
cubic structure at x = 0.0 to an orthorhombic structure at higher Se concentration 
(x ≥ 0.6) in both bulk and thin-film samples, accompanied by variations in lattice 
parameters, indicating the successful preservation of structural integrity during the 
transition from bulk to thin-film form. These findings emphasise the importance of 
precise compositional control during synthesis to achieve the desired stoichiometry 
and crystal structure of Sn(SexTe1‒x) thin films, thereby enhancing their potential 
performance for photovoltaic applications.
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