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Abstract: This research includes the preparation of thin films of Se75S25-xSnx by vacuum thermal evaporation method 

with a thickness of 400 +-20 nm on glass substrates and studying some structural, optical and electrical 

properties of the film. X-ray examination detect that the film has a random structure at (x=0 and 5) while 

single crystal growth begins at x=10,15. By measuring the transmittance and absorbance spectra for the 

wavelength range 400 – 1100 nm it was found that the transmittance decreases and the absorbance increases 

as a function of wavelength with increasing tin content. The energy gap for the indirect transition allowed 

was also calculated and shown to decrease with increasing tin content. The Hall effect examination revealed 

that the film prepared at (x=0 and 5) is of the P type while at x=10, 15 it turns into the N type and that the 

conductivity increases with increasing tin content and the resistivity decreases. 

1 INTRODUCTION 

Chalcogenide glasses have gained great importance 

in recent years due to their advantageous properties, 

and have been widely used in various solid-state 

devices. Therefore, the search for new materials for 

use in device technology is ongoing. Finding new 

materials that can modify their properties is key to 

the development of solid-state technology.  

Semiconductors can be used to manufacture devices 

with specific properties by controlling the structural, 

optical, and electrical properties of these materials. 

Trigonal alloy semiconductors provide such 

materials [1]. The great interest of researchers is due 

to the fact that these materials combine the 

properties of random materials and some of the 

properties of crystalline semiconductors [2]-

[9].Many studies have been conducted on selenium-

treated metallic glass with regard to its electrical and 

optical properties [10]-[20]. Based on this, we use 

selenium due to its many commercial applications 

[21], but it has drawbacks in its pure state due to its 

poor sensitivity and short lifetime. To eliminate 

these drawbacks, we use some additives, thus 

obtaining better properties of hardness, sensitivity, 

conductivity, and lifetime compared to pure 

selenium [22]. In this system, we used tin in the Se-

S system. This addition expands the area of glass 

formation and causes a disturbance in the 

composition and structure of the system. [23] 

2 MODELING AND WORKING 

METHODS 

Thin films of Se₇₅S₂₅₋ₓSnₓ were prepared using the 

vacuum evaporation method. The Se₇₅S₂₅₋ₓSnₓ 

compound was prepared by mixing proportions of 

each of its constituent elements with a purity of 

99.99% and according to the x values of 0, 5, 10, 

15%. After determining the mass of the mixture 

(6g), the mass of each constituent element was 

calculated using a sensitive electric balance with 

four-decimal-place accuracy. The mixture was 

placed in quartz tubes (15cm length). The tubes were 

evacuated using a mechanical vacuum system to 

prevent oxidation during heating and sealed with an 

oxyacetylene torch. They were then placed in an 

electric furnace and gradually heated from room 

temperature to 450°C (above the melting points: Se 

221°C, S 113°C, Sn 232°C) for two hours. The tubes 

were angled at 45° to ensure homogeneity and left 

for 24 hours to cool gradually to room temperature. 
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After removal from the furnace, the compound was 

extracted, crushed using a hammer and ceramic 

bowl, and stored as a powder in clean, dry 

containers. An appropriate amount of the 

Se₇₅S₂₅₋ₓSnₓ powder was placed in a molybdenum 

boat to achieve the required thickness according to 

the equation *m = 4πptr²* [24]. The evaporation 

system was prepared by placing the boat between 

electrodes and fixing thoroughly cleaned substrates 

on the holder at a distance from the source to 

dissipate heat and ensure uniform deposition. Film 

thickness was measured gravimetrically using t = 

m/(S·ρ) [25]. 

3 RESULTS  AND  DISCUSSION 

3.1 Structural Properties 

3.1.1 X-ray Diffraction 

Figure 1 shows the X- ray diffraction  patterns of the 

Se75S25-xSnx films. It is evident that at a tin content 

of 0,5 there are no clear peaks, confirming the 

random nature of these films. As the tin content 

increases (10, 15) a single peak begins to appear, 

becoming more pronounced with increasing tin 

content. This indicates that increasing the tin content 

improves the crystallization process [26]. 

3.1.2 FESEM Analysis 

All Se75S25-xSnx films were examined using a 

scanning electron microscope (FESEM) at a 

magnification of 500 nm to determine the surface 

texture of the films and observe the effect of tin 

doping ratios. It was found that varying tin 

percentages had a clear effect on the surface 

structure of these films. This is consistent with most 

studies of the random state in electron microscopy 

[27]. Figure 2 shows that the films exhibit a random 

appearance. However, for films doped with 15% tin, 

we observe the appearance of a granular shape 

consisting of small, uniform, and almost 

homogeneous spherical grains. 

3.2 Optical Properties 

3.2.1 Absorption 

The optical properties of Se75S25-xSnx films x=0, 5, 

10, 15 deposited on glass slides by vacuum 

evaporation were studied. Figure 3 shows how the 

absorbance (A) changes as a function of wavelength 

(λ). We observe that all films have their highest 

absorbance at wavelengths below 

500 nm, reaching (2.75-3.75). This means that the 

absorbance is highest at the beginning of the visible 

region, where the energy is greater than the energy 

gaps for the indirect transitions allowed by the films, 

which have values of (2 - 1.63ev) and will be 

presented later.  This means that the absorbed 

photons are able to excite the electrons in the 

valence band and transfer them to the conduction 

band. Then we notice a sharp drop in the absorbance 

at large wavelengths. We also notice that the 

absorbance increases with the increase in the tin 

percentage due to the absorption processes formed 

by the tin doping levels, meaning that the tin levels 

worked to form local levels between the valence and 

conduction bands, which worked as auxiliary levels 

that enabled the electrons that did not absorb enough 

energy to overcome the energy gap to move from the 

valence band to the conduction band. Also, the sharp 

edges were shifted towards the longer wavelengths 

[28], and the largest shift was at the ratio of 15%. 

3.2.2 Transmittance 

Transmittance behaves in complete opposition to 

absorbance.Figure 4 shows the transmittance 

spectrum as a function of wavelength in the 

spectrum region (400 - 1100 nm). We note that the 

transmittance of all prepared films increases with 

increasing wavelength, up to the near-infrared 

region, where it reaches 80% at x=0, 70% at x=5, 

and 30% at x=10.15. This means that transmittance 

decreases when the material is doped with tin [29]-

[30]. The decrease in the transmittance spectrum is 

attributed to the increased light absorption by the 

localized levels formed by tin within the prepared 

energy gap. We also observe the oscillatory behavior 

of all films, indicating that they are homogeneous. 

3.2.3 Optical Energy Gap 

The optical energy gap value for the allowed indirect 

transmission was calculated from the equation αhʋ 

=β(h ʋ-Eg 
opt)r[31] by setting (r = 2). We then draw 

the relationship between (αhʋ)1/2 on the y-axis and 

(hʋ) the photon energy on the x-axis see Figure 5. 

The energy gap is determined from the intersection 

of the straight line of the curve with the x-axis, 

represented by the photon energy at α= 0. This point 

represents the energy gap  

446 

ProceedingsProceedings  of of the the 113th Internationalth International  Conference Conference on Appliedon Applied  Innovations Innovations in ITin IT  (ICAIIT), (ICAIIT), June 2020225  



Figure 1: XRD patterns of Se75S25-xSnx thin films with different tin concentrations a), b), c), d) and e). 
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. 

Figure. 2: FESEM micro image of Se75S25-xSnx thin film at different concentrations of tin. 

Figure 3: Absorption spectrum as a function of wavelength of Se75S25-xSnx thin film at different concentrations of tin. 
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Figure  4: Transmittance spectrum as a function of wavelength of Se75S25-xSnx thin film at different concentrations of tin. 

Table 1: The energy gap values of Se75S25-xSnx thin film at different concentrations of tin. 

Eg (ev) Concentration 

x 

2 0 

1.9 5 

1.73 10 

1.63 15 

Figure. 5: Change in energy gap for indirect transition allowed for  Se75S25-xSnx thin film at different concentrations of tin. 

0

20

40

60

80

100

120

140

160

180

200

400 500 600 700 800 900 1000 1100

Tr
an

sm
it

ta
n

ce
 %

Wavelength (nm)

T  x=0 T  x=5

T  x=10 T  15%

0

500

1000

1500

2000

2500

1 1,2 1,4 1,6 1,8 2 2,2 2,4 2,6 2,8 3

(α
h
ʋ
)
1
/
2

hʋ  ( ev)

 x=0  x=5

 x=10   x=15

449 

ProceedingsProceedings  of of the the 113th Internationalth International  Conference Conference on Appliedon Applied  Innovations Innovations in ITin IT  (ICAIIT), (ICAIIT), June 2020225  



Table 2: Hall effect investigation data on Se75S25-xSnx thin  films. 

value, which changes from 2 eV to 1.63 eV See 

Table 1, decreasing with increasing doping ratio, 

i.e., by 0.37 eV. The decrease in the energy gap

value with doping with metals is consistent with

researcher [32], who used indium, and

researcher [33], who used silver. The explanation

for this is that tin results in an increase in the

density of the localized levels formed by tin atoms

within the energy gap

3.3 Electrical 

3.3.1 Hall Effect 

A room-temperature Hall effect experiment was 

conducted on Se75S25-xSnx, x=0.5, 10.15. Thin 

films are used to determine their electrical 

properties and to know the concentration, type, and 

movement of the majority carriers of charge, as 

well as their conductivity and resistivity. Results in 

Table 2 show that  the conductivity is P- type at 

x=0.5, where the Hall coefficient is positive, 

meaning holes are the majority charge carriers 

while electrons are the minority 

However, it transforms to N-type at x=10.15, 

where the Hall coefficient becomes negative, 

meaning electrons are the majority carriers, while 

holes become the minority . 

We note that with the increase of tin content, 

the conductivity increases, reaching its highest 

value 31.9*10-6 at x=15. The resistivity decreases 

with increasing tin content 

4 CONCLUSIONS 

This study demonstrates that tin (Sn) doping 

significantly modifies the structural, optical, and 

electrical properties of vacuum-evaporated Se-S 

thin films. Specifically: 

1) X-ray diffraction (XRD) analysis revealed an

initially amorphous structure for all films,

with crystallinity improving as Sn content 

increased, evidenced by the emergence of a 

distinct peak, particularly pronounced at x=15 

(confirmed by FE-SEM images). 

2) Optical measurements over 400–1100 nm

showed decreasing transmittance and

increasing absorbance with higher Sn

concentrations.

3) The calculated energy gap for the allowed

indirect transition decreased with increasing

Sn content.

4) Hall effect measurements indicated a

transition from p-type to n-type conductivity

with increasing Sn. This resulted in

significantly increased conductivity and

decreased resistivity due to the higher

concentration of electron charge carriers

provided by the metal dopant.

The practical significance of this work lies in 

enhancing Se-S properties for potential 

applications in solar cells, optical filters, and solid-

state devices. 
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