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Sb2S3 thin films have been deposited by single source vacuum thermal evaporation onto glass substrates at various 
substrate temperatures in the range 30- 240 °C. The X-ray diffraction spectra indicated that all the as-deposited Sb2S3 films 
were amorphous.The optical constants were obtained from the analysis of the experimental recorded transmission and 
reflectance spectral data over the wavelength range 300–1800 nm. It has been found that the refractive index dispersion 
data obeyed the single oscillator of the Wemple–DiDomenico model. By using this model, the dispersion parameters and 
the high-frequency dielectric constant were determined. The electric free carrier susceptibility and the carrier concentration 
on the effective mass ratio were estimated according to the model of Spitzer and Fan. 
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1. Introduction 
 
The study of chalcogenide  as Sb2S3 thin films has 

increased in last decades because of their application in the 
fields of fiber optics, xerography, novel memory devices 
[1,2] and as photoconductive target for vidicon type of 
television camera [3, 4]. The interest in the optical 
properties of amorphous semiconductors has been 
stimulated also by their possible applications as switching 
elements and optical transmission media, as well as by 
their use as passivity materials for integrated circuits [5]. 
Due to these potential applications it is very important to 
determine the structural, electrical and optical properties of 
the material in amorphous phase.  

In this paper we report our investigations on the 
optical properties of amorphous thin films of Sb2S3 which 
were studied in the photon energy range 0-4 eV. The 
measurements give information regarding the band gap 
(Eg), refractive index (n), absorption index (k) and 
absorption coefficient (α), to verify the consistency of the 
materials for some specific applications. An attempt has 
been made to highlight the optical features of the alloys in 
thin film form. So, the dispersion parameters, the high-
frequency dielectric constant, the electric free carrier 
susceptibility and the carrier concentration on the effective 
mass ratio were estimated according to the model of 
Spitzer and Fan and Wemple–Di Domenico. 

 
 
2 Experimental details 
 
2.1 Synthesis of Sb2S3 crystal 
 
Stoichiometric amounts of the elements of 99.999% 

purity antimony Sb and sulphur S were used to prepare the 
initial ingot of the Sb2S3 material. The mixture was sealed 
in vacuum in a quartz tube. .In order to avoid explosions 
due to sulfur vapor presses, the quartz tube was heated 
slowly (20°C/h). A complete homogenization could be 

obtained by keeping the melt at 650°C for 48 h. The tube 
was then cooled at the rate 7°C/h. Therefore, cracking, due 
to thermal expansion of the melt on solidification, was 
avoided. The compound obtained is dark grayish color. X-
ray diffraction of Sb2S3 powder analysis showed that only 
the Sb2S3 phase was present in the ingot (Fig. 1) [6]. 
Crushed powder of this ingot was used as raw material for 
the vacuum thermal evaporation. 

 

 

 
 

Fig. 1. X-ray diffractogram of the Sb2S3 (a): and (b): this 
work.. 
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2.2 Film preparation 
 
A Tantale crucible (resistivity heated) was used as 

evaporator source. The pressure of the chamber during 
evaporation was about 10−6 Torr. The substrate 
temperature was measured using a Chromel–Alumel 
thermocouple in contact with substrate surface. We noted 
that the Sb2S3 powder was completely evaporated. During 
this deposit, we have varied the substrate temperature from 
30 °C to 240 °C. The obtained films adhere well to the 
substrates.  

This result was in agreement for example with the 
results of F. Peroles and al [10]. 
 
 

3.2 Optical properties 
 
3.2.1 Optical transmission and reflection spectra 
 
Optical transmission (T) and reflection (R) spectra’s 

of the Sb2S3 thin films were recorded at 
 

 
 
 

Fig. 2. X-ray diffraction spectra of the Sb2S3 thin films 
deposited on to glass substrates heated at different 

temperatures in the range 30-240°C. 
 

 
2.3 Characterization of the as-deposited Sb2S3 thin  
      films 
 
The structure of the Sb2S3 thin films was determined 

by means of X-ray diffraction (XRD) using a D8 Advance 
diffractometer with CuKα radiation (λ=1.5418 Å). Phase 
identification has been carried out by comparison of the 
observed d-spacing with the powder diffraction standard 
card file 78-1347 [7]. The optical characteristics were 
determined at normal incidence in the wavelength range 
300 - 1800 nm using a Shimadzu UV/VIS/NIR-
spectrophotometer. The film's thicknesses were calculated 
from the positions of the interference maxima and minima 
of reflectance spectra using a standard method [8]. The 
film thicknesses were found to be in the range 468-648 nm. 
The type of conductivity of the as-deposited Sb2S3 thin 

films was determined by the hot probe method and all the 
as-deposited films present high resistive values.  
 
 

3. Results and discussion 
 
3.1 Structural properties 
 
Fig. 1 shows the spectra’s of the theoretical and the 

synthesized powders of the Sb2S3 material [9]. The powder 
spectrum confirms that only the Sb2S3 phase is present 
with the preferential orientation following the plane (103). 

In the other hand the XRD analysis of the all as-
deposited Sb2S3 thin films revealed that the all the layers 
are amorphous as shown in figure 2. different substrate 
temperatures in the spectral range 400 – 1800 nm. This 
range covers the fundamental optical absorption edge and 
the transition regions of the semiconductor materials. The 
obtained spectra are shown in Fig.3. Swanepoel's formula 
was used [11] to estimate the optical constants. The 
transmission and the reflection spectra’s show interference 
patterns with sharp fall of the transmission at the band 
edge, which is an indication of good homogeneity of the 
films. The averages of the transmission and the reflection 
of the all layers in the transparency region (700-1800 nm) 
are about 70% and 30 % respectively. So no absorption by 
the free carrier charges is observed in this transparency 
region since no decrease in the transmission values was 
occurs.  

 

 
 

Fig. 3. Optical reflection and transmission spectra of 
Sb2S3 thin  films  deposited on glass substrates heated for  
                different temperatures between 30-240°C. 

 
 

3.2.2 Refractive index dispersion analyses  
 
It is known from the dispersion theory that in the 

region of low and medium absorption the index of 
refraction n is given in a single oscillator model by the 
expression [12] 
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S is the refractive index of the quartz substrate and TM and 
Tm represent the envelopes of the maximum and minimum 
positions of the transmission spectra. Exponential 
variation of T with absorption coefficient α is most 
probable near the absorption edge. In the present work, the 
absorption coefficient (α) was calculated using the relation 
[12, 13]: 
 

2(1 ) dT R e α−= − ,               (2) 
 
where R is the reflectance, T is the transmittance, α is the 
absorption coefficient and d is the film thickness. The 
variation of the absorption coefficient, α, as a function of 
the photon energy for Sb2S3 films for different 
temperatures are presented in Fig.4. It can be seen that all 
the films have relatively high absorption coefficients (104- 
105 cm-1) in the visible range and near-IR spectral range. 
This result is very important since the spectral dependence 
of the absorption coefficient affects the solar conversion 
efficiency in the case if this material was used as absorber 
in the solar cells [14]. 
 

 
 

Fig. 4.  A plot of the optical absorption coefficient versus 
the photon energy of the as deposited Sb2S3 films. 

 
 

The relation between the absorption coefficient, α, and 
the incident photon energy, hν, can be written as [15, 16]:   

 
( ) ( )n

eh A h Eα ν ν= − ,                         (3) 
 

where A is a constant and n is a number which 
characterizes the transition process. The value, n = 1/2, 

characterizes a direct allowed optical transition for the 
amorphous as-deposited thin films [17]. Plotting of (αhυ)2 
versus photon energy, hυ, yields a straight line indicating 
direct optical transition. All the energy gap values were 
assembled in the table 1. The direct band gap energy 
values decrease from 2.08 to 1.86 eV with increasing the 
substrate temperature. So in our case the substrate 
temperature has not a great effect on the energy band gap 
because the films were globally amorphous as we show by 
X-ray diffraction measurements. 

In the spectral region of medium absorption 
where interference fringes appear distinctly in the 
transmission spectra, α, is given by [11], 
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Fig. 5. Variation of refractive index n (a) and extinction 
coefficient k (b) with wavelength for Sb2S3 thin films 

deposited with different substrate temperatures. 
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Fig. 5a and 5b show the refractive index, n, and the 
extinction coefficient, k, respectively, for the as-deposited 
Sb2S3 thin film as a function of wavelength. It is clear that 
the refractive indices variations obey to the Cauchy law 
[18] for all the films. In addition, the average refractive 
indices values were in range 2.67 - 2.75 for the all the 
films except for the films deposited at Ts = 180°C where 
the average refractive index is 2.85. These refractive 
indices values were taken for wavelengths greater than 
1000 nm which corresponds to the spectral transparency 
region. It is obviously that the extinction coefficients 
appear to become important only in the spectral absorption 
region for wavelengths less than 750 nm. 

In the other hand, the data on the dispersion of the 
refractive index were evaluated according to the single 
effective oscillator model proposed by Wemple and Di 
Domenico [19, 20]. It is well known from the dispersion 
theory that in the region of low absorption the refractive 
index n described to a very good approximation, by the 
following formula, 
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−
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where, hν is the photon energy, E0 is the single oscillator 
energy and Ed is the dispersion energy.  

Plotting (n2-1)-1 against (hν)2 (Fig. 6) allow us to 
determine the oscillator parameters by fitting a straight 
line to the points. The values of E0 and Ed can be 
determined directly from the slope (E0 Ed)-1 and the 
intercept on the vertical axis, (E0 / Ed). It was found that Ed 

varies between 24.1 and 38.6 eV and E0 varies from 4 to 6 
eV for the different substrate temperatures. The different 
values of the oscillator parameters were summarized in the 
table 1. It is well known that the oscillator energy E0 is to a 
fair approximation related empirically to the lowest direct 
band gap Eg: by: 

gEE   5.20 ≈  as found by B. Yous, and 

al [21]. So in our case the average ratio E0/Eg ≈ 2.4  is 
found which in good accord with the B.Yous and al [21 ] 
results.  

An empirical relation for dispersion energy in terms 
of the co-ordination number of cation that is the nearest 
neighbour to the anion Nc and the effective number of 
valance electrons per anion Ne can be written as [19] 

 

d c a eE N Z Nβ= ,                       (6) 
 

from this equation the calculated β-factor has the value 
0.31 eV, Za is the formal chemical valance of the anion. 
For Sb2S3, Ne = 8, Za = 2 and Nc= 6. 

 
 

Fig. 6. Plot of (n2-1)-1 versus (hυ)2 for Sb2S3 thin films 
deposited with different substrate temperatures. 

 
 

For further analysis of the optical data, the 
contribution from the free carrier electric susceptibility, χe, 
to the real dielectric constant is discussed according to the 
Spitzer–Fan model by [21] 
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where ε∞ is the high-frequency dielectric constant in the 
absence of any contribution from free carriers, εe is the 
electric free carrier susceptibility, N/m* is the carrier 
concentration to the effective mass ratio, e is the electronic 
charge, and c is the velocity of light. 
 

 
Fig. 7. Plot of optical dielectric constant εr =n2-k2 versus 
wavelength squared λ2 for Sb2S3 thin films deposited with  
                       different substrate temperatures. 
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Fig. 8. Plot of (-4πχe) versus λ for Sb2S3 thin films 
deposited with different substrate temperatures. 

Plotting, εr versus λ2 (Fig. 7), and fitting to a straight 
line, the values of N/m* and ε∞ were estimated. It is 
important to compare the values of ε∞ achieved from the 
Wemple–Di Domenico model (Fig. 6) with that of 
obtained from Spitzer–Fan model (Fig. 7)., as they show 
satisfactory agreement. Fig.8 shows (-4πχe) versus λ2 in 
the spectral range 1100–1800 nm. The figure depicts that 
χe increases in magnitude with the wavelength squared and 
becomes sufficiently large to reduce the refractive index 
and dielectric constant in the near-infrared region. A good 
fit to a straight line is seen from which the free carrier 
susceptibility values at the extremes of the investigated 
range were estimated. They are listed in Table1. 

 
Table1. The estimated values of the oscillator parameters E0 and Ed, the value of the refractive index, n(0), and ε∞ as well as other 

related optical parameters extrapolated from the Wemple–Di Domenico model. 
 

Ts(°C) E0 (eV) Ed (eV) n(0) ε∞sf Ε∞wd dir
gE (eV) E0 / 

dir
gE  (N /m* ) 

(*1048cm-3) 
-Xe (*10-2) 

30 5.71 34.33 2.66 7.25 7,01 2.08 2.74 1.11 1.12~1.61 
80 6.02 38.63 2.73 7.67 7,41 2.02 2.98 1.46 0.83~2.05 
120 4.07 24.54 2.67 7.54 7,03 1.96 2.07 0.26 2.23~3.71 
150 4.86 29.33 2.68 7.26 7,04 1.94 2.5 0.7 0.52~1.01 
180 3.66 24.12 2.78 8.38 7,6 1.9 1.92 0.037 2.26~5.22 
240 4.45 26.13 2.64 7.29 6,87 1.86 2.39 0.022 1.33~2.02 

 
 

4. Conclusions 
 
Vacuum thermal evaporation technique was used for 

the deposition of Sb2S3 thin films on heated glass 
substrates. The substrate temperatures were varied in the 
range 30- 240 °C. All the deposited films were amorphous 
as confirmed by the X-ray diffraction analysis and highly 
resistive. The refractive index, n, and extinction coefficient, 
k, of the deposited Sb2S3 films determined from the 
transmission and reflection spectra’s were calculated for 
all the as-deposited films. The later data allowed the 
determination of the oscillator strengths, oscillator 
energies, static refractive indices and static dielectric 
constants. The refractive index and the single-oscillator 
parameters were calculated and discussed in terms of the 
Wemple–DiDmenico model. The values of the high-
frequency dielectric constant, the carrier concentration to 
the effective mass ratio and the electric free carrier 
susceptibility were also determined using the Spitzer–Fan 
model. Analysis of the optical absorption data of Sb2S3 
films revealed a direct optical transition associated with a 
band gap energy which decreases from 2.08 to 1.86 eV by 
increasing the substrate temperature. All the films have 
relatively high absorption coefficients (104- 105 cm-1) in 
the visible range and near-IR spectral range Determination 
of these parameters may help in technological applications 
of Sb2S3 in thin film form. 
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