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ABSTRACT 

(Sb2S3)1-x(Bi2S3)x (x=0.03) thin films were deposited on glass substrates by thermal evaporation technique. The 

optical properties of thin films were influenced by thermal treatment and thickness of the film. In this optical 

analysis, effect of both thickness and annealing temperatures (two temperatures 473K & 523K) on optical 

properties were investigated. Percentage of transmittance decreases with increase of film thickness and thermal 

treatment. Extinction coefficient increases with increase of annealing temperature and decreases with increase of 

film thickness. Band gap is in between 2.26 eV and 1.70 eV. 
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1. INTRODUCTION 

The analysis of optical properties is very important in many scientific, technological and industrial applications 

of thin films such as photo-conductivity, solar energy, photography and numerous other applications. The band 

gap of the material determines what portion of the solar spectrum absorbs by the cells. Ultraviolet-visible 

spectroscopy (UV-Vis) involves the spectroscopy of photons in the UV-visible region. The absorption edge and 

energy band gap can be determined from the transmission measurements. The absorption in the visible region 

directly affects the colour of the chemicals involved. In this region of the electromagnetic spectrum, molecules 

undergo electronic transitions. This technique is complementary to fluorescence spectroscopy, in that, 

fluorescence deals with transitions from the excited state to the ground state, while absorption measures 

transitions from the ground state to the excited state. 

The optical properties of amorphous and annealed chalcogenides have been observed and investigated by 

Tigaue et al. [1], Nicolae Tigaue [2] and R.S. Mane et al. [3]. The semiconductor properties of the materials are 

studied through the bsorption. The applicability of a material can be determined by the estimation of its band 

gap. Therefore to choose the application level, tailoring of the band gap is an important factor. The band gap can 

be tailored by adjusting the composition of materials. By the measurement of transmission of incident photons is 

an important technique to measure the band gap energy of a semiconductor. In this case photons of selected 
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wave length are directed at the sample, and relative transmission of the various photons is observed. Since 

photons with energies greater than the band gap energy (hν ≥ Eg) are absorbed while photons with energies less 

than the band gap are transmitted. The type of optical transition can be explained by observing the dependence 

of absorption coefficient, α on the photon energy, hν. The electron excitation from valence band to conduction 

band is known as fundamental absorption and which can be used to determine the nature and value of the optical 

band gap. The plot of (αhυ)
2
 or (αhυ)

1/2
 against (hυ) provides the nature and Eg value of a particular film. 

Investigations on the optical properties of thin films became essential for their effective device oriented 

applications. The phenomenal growth of thin film research and development owes much to the stimulus 

provided by the utilitarian interest in the application of optical films in mirrors and interferometers [4]. This is a 

report of the optical studies of Sb-Bi-S as-deposited and annealed thin films. 

2. EXPERIMENTAL 

Thin film samples of (Sb2S3)0.97(Bi2S3)0.03 were prepared from powder materials of Sb2S3 and Bi2S3 (99.999% 

purity, Sigma-aldrich) on chemically cleaned glass substrates by thermal vacuum evaporation technique. To 

prepare the compound, Sb2S3 and Bi2S3 were weighed and grinded for several hours and sintered. The newly 

prepared powder sample was used as the source material.  Deposition rate and film thickness were controlled 

during deposition by quartz oscillator thickness monitor. The optical properties of the thermally deposited films 

of (Sb2S3)0.97(Bi2S3)0.03 were investigated from the transmission spectra by using a UV-VIS-NIR spectrometer 

(JASCO V-570). The optical transmittance of the as-deposited and annealed (for two temperatures 473K and 

523K) samples was measured at room temperature with unpolarised light at normal incidence in the wavelength 

range 330 to 860nm. Absorption takes place only if the photon energy is greater than the energy gap (hν>Eg). In 

this optical analysis, effect of both thickness and annealing temperatures on optical properties were investigated. 

Optical transmission spectra before and after heat treatment have been used to study the optical properties of 

these films. The optical transmittance was found to show different results with thickness and annealing. The 

optical band gap, Eg of the semiconductor is determined from the dependence of absorption coefficient values 

(α) on the photon energy, using Tauc’s relation [1,5],  

                                                                     (αhν) = B (hν - Eg)
n
                                                                        (1)                      

where B is a parameter that depend on the transition probability, Eg is the optical band gap energy of the 

material, hν is the photon energy. The exact magnitude of absorption coefficient α(hν) for a given value of the 

incident photon energy is proportional to the probability for transition from initial to the final electronic state 

and to density of electrons in the initial state as well as to the density of empty final state [6]. 

From the transmission spectra the extinction coefficient (k), absorption coefficient (α) and band gap of the three 

compound materials were observed by the following method of Swanepoel [7]. The absorption coefficient (α) is 

determined from transmittance values using the following relation [8].  
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                                                         α = (1/t)*ln (1/T)                                                                          (2) 

where t is thickness and T is the transmittance. 

The extinction coefficient (k) is calculated using the formula, 

                                                                        k = αλ / 4π                                                                                   (3) 

In this optical analysis, effect of both thickness (900nm, 1200nm) and annealing temperatures (two temperatures 

473K & 523K) on optical properties were investigated for the thin films prepared by thermal evaporation 

technique from the compound (Sb2S3)1-x(Bi2S3)x with x= 0.03.  

 

3. RESULTS AND DISCUSSION 

The optical measurements were taken for: (a) as-deposited films of two thickness (900nm, 1200nm) (b) films of 

the same thickness annealed in vacuum at 473 K for1 hr and (c) films of the same thickness annealed in vacuum 

at 523 K for 1 hr. The transmission spectra of the as-deposited and annealed films of two thickness are shown in 

figure 1. The figures are exhibiting that the film transmittance in the spectral region 450-750nm decreases with 

thermal treatment. Similar results have been reported for thin film of Sb2S3 by N. Tigau et al., [9] and for Bi2S3 

by Biljana Pejova and Ivan Grozdanov [6]. The combined transmission spectra of the as-deposited 

(Sb2S3)0.97(Bi2S3)0.03 films of two thickness is as shown in figure 2 which exhibits that thin film transmittance in 

the spectral region 500-750nm decreases with increasing film thickness.  The spectrum exhibits superimposed 

optical interference in the region 750nm-1000nm. From this observation it is noted that the percentage of film 

transmittance decreases as thickness of the film increases which shows that the material is of highly absorbing 

nature. The decrease of transmittance may be due to the increase of crystallite size and an improvement of the 

film crystallinity and also the increased roughness of the heat-treated films. Increased roughness plays an 

important part in the drastic decrease of optical transmittance because the destructive interference of the light 

transmitted through the high and irregular grains of the samples which form non-levelled surfaces [1]. The low 

transmittance at higher annealing temperature is in principle attributed to increase of carrier concentration. The 

increase of optical transmittance in the higher wavelength region of all the as-deposited and annealed films is 

due to the shift of absorption edge to the higher wavelength side. 
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(b) 

 
(a) 

Fig.1 Transmission spectra of the as-deposited and annealed (473K& 523K) (Sb2S3)0.97(Bi2S3)0.03 

 films of thickness a) 900nm, b) 1200nm  

 
Fig.2 Transmission spectra of as-deposited  

      (Sb2S3)0.97(Bi2S3)0.03 films of two thickness 
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 Figure 3 shows the variation of the extinction coefficient, k as a function of photon energy of the as-

deposited and annealed (two temperatures 473K & 523K) films of two thickness. The extinction coefficient, k 

increases with photon energy as well as with temperature.  

 

(b) 

 

(a) 

Fig.3 Variation of extinction coefficient (k) with photon energy (hν) for 

       (Sb2S3)0.97(Bi2S3)0.03 film of thickness a) 900nm, b) 1200nm  
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Fig.4 Variation of extinction coefficient (k) with photon energy (hν) 

for as-deposited (Sb2S3)0.97(Bi2S3)0.03  films 

Figure 4 shows the combined spectra to explain the variation of the extinction coefficient, k as a function of 

photon energy of the as-deposited films of two thickness. The extinction coefficient increases with increasing 

film thickness and increases with the increase of photon energy. The value of k decreases with the increase of 

film thickness may be due to the improvement in crystallinity leading to the minimum imperfections. 

 

(b) 
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(a) 

Fig. 5 Variation of absorption coefficient, α as a function of photon energy, hν  for 

(Sb2S3)0.97(Bi2S3)0.03 film of thickness a) 900nm, b) 1200nm 

Figure 5 shows the variation of the absorption coefficient, α as a function of photon energy, hν for as-deposited 

and annealed (Sb2S3)0.97(Bi2S3)0.03 films of same thickness. The value of absorption coefficient increases slowly 

at the long wavelength region whereas it increases fast at short wavelength region. This behaviour supports the 

assumption of using these thin films as antireflection coatings in the first region while they are used for 

fabrication of photodetctors, solar cells, semiconductor lasers and light-emitting diodes in the second region 

[10]. Figure 6 shows the variation of (αhν)
2
 with photon energy (hν) for as-deposited and annealed 

(Sb2S3)0.97(Bi2S3)0.03  films of two thickness. For all the films there is a straight line portion. The straight-line 

portion is extrapolated to cut the x-axis, which gives the energy gap (Eg) and the energy gap values for as-

deposited films of thickness 900nm and 1200nm are 2.26eV, 2.17eV and for annealed (473K, 523K) films of 

same thickness are 2.19eV, 2.10eV and 1.75eV, 1.70eV respectively. 

 

(b) 
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(a) 

Fig.6 Variation of (αhν)
 2
 with photon energy (hν) for 

(Sb2S3)0.97(Bi2S3)0.03 film of  thickness a) 900nm, b) 1200nm 

 

 

x 

 

 

 

 

Thickness (nm) 

 

 

 

 

Band gap, Eg (eV) 

 

As-deposited 

 

 

Annealed 

 

 

473K 

 

523K 

 

0.03 

900 

1200 

2.26 

2.17 

2.19 

2.10 

1.75 

1.70 

Table 1 The band gap values for as-deposited and annealed films 

The band gap values for as-deposited and annealed films of the compound, (Sb2S3)0.97(Bi2S3)0.03 are shown 

in table 1. 

4. Conclusion 

Optical properties of thin films of (Sb2S3)1-x(Bi2S3)x with x = 0.03 were studied. The estimated direct band gap 

energies of the compound with x = 0.03, for as-deposited films of thickness 900nm and 1200nm are 2.26eV, 

2.17eV and for annealed (473K, 523K) films of same thickness are 2.19eV, 2.10eV and 1.75eV, 1.70eV 

respectively. For all the films the plots were found to be straight-line which indicates that the transition is direct 

band to band transition and are dominant within the spectral range 400 to 750 nm . 

5. Acknowledgement 

The authors gratefully acknowledge the centre Director of UGC-DAE Consortium for Scientific Research, 

Indore for providing characterization facilities. 



 

9 | P a g e  

 

REFERENCES 

[1] N. Tigau, V. Ciupina, G. Prodan, G. I. Rusu, C. Gheorghies, E. Vasile, Influence of Thermal Annealing in Air on the 

Structural and Optical Properties of Amorphous Antimony Trisulfide Thin Films, Journal of Optoelectronics and Advanced 

Materials 6(1), 2004, 211 – 217 

[2] Nicolae Tigau, Structural Characterization and Optical Properties of Annealed Sb2S3 Thin Films, Rom. Journ. Phys. 53 

(1–2), 2008, 209–215, • 

 [3] R.S. Mane, B.R. Sankapal, C.D. Lokhande, Non-aqueous chemical bath deposition of Sb2S3 thin films, Thin Solid Films 

353 (1–2), 1999, 29-32  

[4] K. L. Chopra, Thin Film Phenomena (McGraw-Hill, New York, 1969) 

[5] J. Tauc, R. Grigorovici, A. Vancu, Optical Properties and Electronic Structure of Amorphous Germanium, Physica Status 

Solidi (b), 15( 2), 1996, 627-637  

[6] Biljana Pejova and Ivan Grozdanov, Structural and optical properties of chemically deposited thin films of quantum-

sized Bismuth(III) Sulphide, Materials Chemistry and Physics  99( 1), 2006, 39-49 

[7] V. Pandey, S. K. Tripathi, A. Kumar, Optical Properties of Amorphous Se 100-X Sb x Thin Films, Journal of Ovonic 

Research 2 (4),  2006,  67-76 

[8] S. Subramanian, P. Chitra lekha, D. Pathinettam Padiyan, Influence of polyaniline doping concentration in 

(Bi0.5Sb0.5)2S3 thin polycrystalline films on structural, electrical and optical properties, Journal of Non-Crystalline Solids  

356 (23–24) 2010, 1173-1179 

[9] N. Ţigau, C. Gheorghieş,  G.I. Rusu, S. Condurache-Bota, The influence of the post-deposition treatment on some 

physical properties of Sb2S3 thin films, Journal of Non-Crystalline Solids,  351,(12–13) 2005, 987-992  

[10] Khalid Z. Yahiya., Evan T. Salem, Muhammad S. Muhammad, Eng. & Tech., 26, 2008, 519-526 

https://www.sciencedirect.com/science/article/pii/S0040609099003624
https://www.sciencedirect.com/science/journal/02540584
https://www.sciencedirect.com/science/journal/02540584/99/1
https://www.sciencedirect.com/science/journal/00223093
https://www.sciencedirect.com/science/journal/00223093/356/23
https://www.sciencedirect.com/science/journal/00223093/356/23
https://www.sciencedirect.com/science/journal/00223093/356/23
https://www.sciencedirect.com/science/article/pii/S0022309304011299
https://www.sciencedirect.com/science/article/pii/S0022309304011299
https://www.sciencedirect.com/science/journal/00223093

