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Thermal evaporation technique was used to prepare InSbSe3 films on clean glass substrates maintained at various 
deposition temperature (Td = 473, 523 and 593 K). X- ray diffraction analysis showed the occurrence of amorphous to 
polycrystalline transformation in the films deposited at higher substrate temperature Td ≥ 523 K. Compositions of these films 
have been characterized by (EDX) analysis. Transmittance and reflectance measured in the wavelength rang                    
(500-2500 nm), used to calculate the optical constant (refractive index n and absorption index k). The deposition 
temperature dependent of the optical constants n and k was determined in the spectral range. Analysis of optical absorption 
data as a function of Td  yields the existence of wide band tails increase in width with increasing deposition temperature and 
indirect allowed transitions with optical energy gap decreases from 1.13 to 0.92 eV as the deposition temperature Td 
increases from 423 to 593 K. The dispersion of the refractive index for films could be described using the Wemple - Di 
Domenico single oscillator model, change of the dispersion parameters were also studied as a function of deposition 
temperature. The high frequency dielectric constant. The ratio of the carrier concentration to the effective mass (N/m*), 
relaxation time (τ), and dissipation factor (tanδ) were studied as a function of deposition temperature.  
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1. Introduction 
 
Chalcogenides glasses has attracted much attention in 

the field of electronic as well as in infrared optics, since 
they exhibit several particular phenomena useful for 
devices such as electrical switches, memories, image 
storage and photo resistors. 

Like other members of the III-VI layered compounds 
such as Bi2Se3 or Sb2Se3, and In2Se3 compound could be 
interesting for its semiconducting properties [1-4] because 
of their importance as a good photovoltaic materials and 
application in electro-thermal devices [5].  

Ternary solid solution is of great technological 
interest in electronic and photoelectronic devices [6]. The 
In2Se3 - Sb2Se3 system has been investigated earlier at 
least 3 times [7-9] founding finite solid solution of 
substitution based on the binary compound and an 
incongruently melting compound with the composition 
InSbSe3. Some authors studied the physical properties of   
In-Sb-Se system [10-12]. Few authors studied the optical 
properties [13] of InSbSe3 single crystals. 

The effect of deposition temperature on the optical 
properties for different semiconductor compounds was 
studied in a number of papers [14-16]. 

In the present work a detailed investigation of the 
structural and optical properties of InSbSe3 films prepared 
by thermal evaporation method at different deposition 
temperature above room temperature is carried out. 

 

2. Experimental  
 
InSbSe3 composition was prepared in a bulk form by 

melting together the stoichiometric amount of the elements 
In, Sb and Se of purity 99.999% in a sealed evacuated 
silica tube (10-5 Pa) using a oscillatory furnace. The 
temperature of the furnace was raised to 1223 K by a rate 
of 50 Kh-1 for 48 h [12] then cooled with a rate of                    
1 K/min-1 until room temperature. 

Films with different thicknesses were deposited at 
constant rate by thermal evaporation technique using a 
coating unit (Edward E 306 A). During the deposition 
process, the pressure inside the vacuum chamber was 
maintained at 10-5 Torr. The clean glass substrate was 
mounted on the substrate holder and placed parallel to the 
material source at a distance of 12 cm. The substrate 
holder was heated by a insulator heater system and the 
deposition temperature (Td) was measured using a 
thermocouple embedded in the substrate holder underneath 
the substrates. Films were deposited at Td ranging from 
423 to 593 K. The film thickness was measured using the 
multiple beam Fizeau fringes method [17]. 

The chemical composition of films was determined by 
mean of energy dispersive X- ray spectrometry. An EDX 
unit attached to a scanning electron microcopy (JOEL 
5400) was employed. The structure of the films at different 
deposition temperature was checked by X- ray diffraction 
(XRD) analysis (Shimadzu XD-D2) with Cu target and Ni 
filter.  

The optical transmittance, T, and reflectance, R, of the 
films were measured at room temperature (295 K) with 
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unpolarized light at  normal incidence in the wave length 
range (500-2500 nm) using a bauble beam 
spectrophotometer (JASCO Corp., Model (V-750)). 

The optical constants n and k were determined using a 
computer program (Eureka, the solver). It is based on 
minimizing (∆R)2 and (∆T)2, simultaneously, where  

(∆R)2  =  | R(n,k) - Rexp |2 
(∆T)2  =  | T(n,k) -  Texp |2 

The subscript exp and cal refer to the experimental 
and calculated results respectively, and both the 
transmittance T and reflectance R are given by using 
Murmann’s exact equations [18,19]. 

 
3. Results and discusion 
  
3.1 Structure identification 
 
X-ray diffraction (XRD) patterns obtained for InSbSe3 

films deposited on the cleaned glass substrate at different 
deposition temperatures (Td) is represented in Fig. 1. It is 
clear from this figure that films deposited at Td ≤ 473 K 
have an amorphous nature (see Fig. 1 a,b) while the 
increase of Td above 473 K films have a polycrystalline 
nature, and the degree of crystallinty increases with 
increasing deposition temperature. 

 

 
 
 

Fig. 1. X-ray diffraction patterns for InSbSe3 films 
deposited  at  different  deposition  temperature  Td  (a)  
Td  =423 K, (b) Td =473 K, (c) Td =523 K,  (d) Td =593 K.  

 
 
A typical energy dispersive X-ray (EDX) spectrum of 

InSbSe3 films deposited at deposition temperature equal to 
523K as a representative example is shown in Fig. 2. This 
figure is used to found the percentage elemental 
composition of films, which given in Table 1. The same 
technique is used for another deposition temperature. This 
analysis shows that the obtained composition is closed to 
InSbSe3 within an experimental error ±2% as shown in 
Table 1. 

 
 
 

Fig. 2. Energy dispersive X-ray (EDX) spectrum for 
InSbSe3  films deposited at Td =523 K. 

 
 
Table 1. Energy dispersive X-ray data for InSbSe3  films 

deposited at different deposition temperature. 

 
Td, K In% Sb% Se% 
473 18.76 20.95 60.29 
523 20.24 19.17 60.59 
593 19.57 20.57 59.86 

 
 
3.2 Optical properties 
 
3.2.1 Determination of the optical constants  
 
The transmittance Texp and reflectance Rexp, of 

InSbSe3 films deposited at different deposition 
temperatures, Td = 473, 523 and 593 K in the thickness 
range (300-720 nm), were measured in the wavelength 
range (500 –2500 nm). There has been an increasing need 
for an accurate knowledge of the optical constants, n and, 
k, of thin absorbing films over a wide wavelength range, 
for example in the field of photo thermal conversion of 
solar cell many new materials have been proposed as 
constituent of selectively absorbing films. 

Taking into account the experimental error in 
measuring the film thickness to be ±2% and in, T, and, R, 
to be ±0.5%, the error of the adopted technique in the 
calculation of the values of, n, and, k, was estimated to be 
±1.0% and ±0.5%, respectively. The optical constant, n, 
and, k, were found to be independent of the film thickness 
in the investigated range. The spectral distributions of the 
mean value the refractive index, n, and the absorption 
index k for InSbSe3 films at different Td in the studied 
range (473 ≤ Td ≥ 593 K) are given in Fig. 3 and 4, 
respectively.  
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Fig. 3. Dispersion curves of refractive index (n) for 
InSbSe3  films  deposited at Td = 423, 523 and 593 K. 

 

 
 

Fig. 4. Dispersion curves of absorption index (k) for 
InSbSe3  films  deposited at Td = 423, 523 and 593 K. 

 
 

The dispersion of the refractive index, n, of the 
amorphous and crystalline InSbSe3 films revealed that the 
refractive index, n, (at certain λ) increases with increasing 
deposition temperature. It could be also observed that the 
refractive index shows anomalous dispersion in the low 
wavelength range (500 ≤ λ ≥ 1000 nm), while for long 
wavelength (λ >1000 nm) n, decreases monotonically, 
which fact may be attributed to the effect of free carrier 
concentration, given a peak value at a wavelength λc lying 
in the absorption region (λ <1000 nm). This peaks shifted 
towards longer wavelength with the increase of the 
deposition temperature of films as shown in Fig. 5.    

     
 
 
 

 

 
 

Fig. 5. The maximum refractive index (n max) forInSbSe3  
films as a function of photon energy(E). 

 
 
3.2.2 The spectral distribution of the absorption  
         coefficient (α) 
 
The absorption coefficient α can be calculated using 

the well – known equation α = 4πk/λ, in which k is 
substituted by its mean value obtained from  Fig. 4. 

The absorption coefficient α can be divided into two 
regions: 

1-For absorption coefficient α of less than  ∼10 -4 cm-1 
there is usually an Urbach [20] tail where α depends 
exponentially on the photon energy E, as  

 
  α =αο exp ( E / Εe)                              (1) 

 
where αο is a constant and  Εe  is interpreted as the width 
of the tails of localized states in the gap region. To 
evaluate the values of αο  and Εe, it was α in logarithmic 
scale as a function of photon energy E as shown in Fig. 6. 
The values of αο  and Εe for InSbSe3 films at different Td 
are tabulated in Table 2. There are evidenced the existence 
of wide band tails with width that increases with the 
increase of deposition temperature. 
 
 

 
 

Fig. 6. Plots of ln (α) against photon energy (E)  for 
InSbSe3  films  deposited at different Td. 
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Table 2. Parameters derived from absorption index (k) 
for   InSbSe3   films   deposited   at   different  deposition  
                                   temperature. 

 
Td, K Α, cm-1eV-1 αo, cm-1 Ee, eV Eg

opt, eV
473 2.07 ×105 0.00013 0.330 1.13 
523 2.5 ×105 0.079 0.347 0.97 
593 3.09 ×105 0.158 0.366 0.92 

 
 

2-For higher values of the absorption coefficient 
α greater than 10-4 cm-1, absorption coefficient takes the 
form [21,22]: 

       αE = Α (E − Eg
opt)r                          (2) 

 
where A is the band tailing parameter and is equal to [23] 
  

    A = (4πσ/ncEc)                              (3) 
 

where c is the speed of light, σ is the minimum metallic 
conductivity (extrapolated dc conductivity at T=∞), Ec  is a 
measure of the width of the tail states distribution, n is the 
refractive index, Eg

opt is the optical energy gap of the 
material [24] and r is the power which characterizes the 
transition process, r = 1/2 for the direct allowed transition, 
r = 2/3 for the direct forbidden transition, r=2 for the 
indirect allowed transition and r=3 for the indirect 
forbidden transition. The study of the spectrum of the 
absorption coefficient α of a semiconductor in the 
fundamental region and near the fundamental edge 
provides us with valuable information about the energy 
band structure of the material [23]. 

The usual method for the determination of the value 
of Eg

opt involves plotting a graph of (αE)1/ r against E. Fig. 
7-a,b show that plots of (αE)1/2 = f(E) are linear function 
and (αE)2 = f(E)   is non linear for InSbSe3 films at 
different Td. The linearity indicates the existence of the 
allowed indirect transitions. Values of a constant A and  
Eg

opt for InSbSe3 films at different deposition temperatures 
Td are tabulated in Table 2. It is clear from this Table that 
Eg

opt decreases with increasing Td. This behaviour is in a 
good agreement with H. S. Soliman [25] who observed a 
decrease of Eg

opt
  for  InSbSe3 films annealed in air for 1 h 

at 423 and 473 K. 
It has been suggested by many authors [26,27] that in 

nearly ideal amorphous solids during the process of 
crystallization, form dangling bonds at the surface of the 
crystallites. Further more heat treatment (increasing in 
deposition temperature Td) causes the crystallites to break 
down [30] into smaller crystals, thereby increasing the 
number of surface dangling bonds. These dangling bonds 
are responsible for the formation of some type of defects 
in the highly polycrystalline solids. As the number of 
dangling bonds and defects increases, the concentration of 
localized states in the band structure also increases, 

therefore the energy width of the localized state (Ee) and 
decreases the optical gap (Eg

opt) increases.    
 

 
a 

 
 

b 
Fig. 7-a. Dependence of (αE)1/2  as a function of photon 
energy (E) for InSbSe3  films  deposited at different Td. 
(b)  Dependence of  (αE)2  as a function of photon energy  
            (E)  for InSbSe3  films  deposited at different Td.  
 
 
3.2.3 Determination of the dispersion and oscillator  
         energies 
 
The refractive index dispersion data in 

semiconductors has been analyzed using the concept of the 
single – oscillator. Within this concept the energy 
parameters Ed and Eo are introduced and the refractive 
index, n, at a photon energy E can be expressed by the 
Wemple and Di Domenicco [28] and Wemple [29] as the 
following relation  

 
         (n2-1) = Ed Eo  / (E2

o - E2)                        (4) 
 

The physical meaning of the single – oscillator energy 
Eo is that it simulates all the electronic excitation  involved 
and Ed  is the dispersion energy which related to the 
average strength of the optical transitions. In practice the 
dispersion parameters Ed and Eo can be obtained according 
to equation (4) by a simple plot of (n2-1)-1 versus E2 as 
shown in Fig. 8. The values of Ed and Eo can be directly 
determined from the slope and the intercept on the vertical 
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axis. The variation of the single – oscillator energy Eo and 
the dispersion energy Ed with the deposition temperature 
Td for InSbSe3 films are shown in Fig. 9 a,b, respectively. 
It appears that: (i) The oscillator energy Eo decreases 
slightly with increasing deposition temperature. This can 
be attributed to the shift of the optical transmission spectra 
towards the longer wavelength, which corresponds to the 
shift of the absorption edge towards shorter energy. This 
can be described as a decrease in the optical gap as a result 
of an increase of deposition temperature. 

 

 
 

Fig. 8. Plots of (n2-1)-1 against (E)2  for InSbSe3  films  
deposited at different Td. 

 
 

 
a 
 

 
 

b 
 

Fig. 9-a. Plots of oscillator energy (Eo) versus deposition 
temperature   (Td)   (b)  Plots  of  dispersion  energy  (Ed)  
   versus deposition temperature (Td) for InSbSe3  films.  
 

(ii) The dispersion energy Ed increases with increasing 
deposition temperature. This behaviour can be 
understoodby considering that obeys, the dispersion 
energy Ed obyed the simple empirical relation [29]  

 
                         Ed = β Nc Za Ne                                                (5) 

 
where  Nc is the number of nearest- neighbor cation to 
each anion, Za is the number of formal chemical valence of 
the anion, Ne is the total number of valence electron per 
anion and β is a constant: (0.37 ± 0.05 eV) for covalent 
compounds and (0.26 ± 0.04 eV) for ionic compounds. As 
the deposition temperature increases the parameters Nc, Za 
and Ne have the same values while the covalent nature of 
the structure increases, which corresponds to the increase 
of β and consequently of the Ed values. 
 
 

3.2.4 Determination of the high frequency dielectric  
         constant 
 
The data of the refractive index, n, can be analyzed 

with obtained ε∞ (high frequency dielectric constant) via 
two procedures [30]. The first procedure describes the 
contribution of the free carriers and the lattice vibration 
modes of the dispersion. The second procedure is based 
upon the dispersion arising from the bound carriers in an 
empty lattice. 

In the first procedure ε1 = n2 can be plotted vs. λ2 
 as 

shown in Fig. 10 for films at different deposition 
temperatures according to the following relation [30,31]: 

 
                    ε1  = n2 = ε∞ − (e2 N / 4π2c2εο m∗) λ2         (6) 

 
where, e,  is the electronic charge, εο  is the vacuum 
permitivity, N is the charge carrier concentration and m∗  is 
the effective mass. ε∞(1) and the ratio N/m∗ could be 
deduced from the intercept and the slope of  the straight 
line in Fig. 10. They are shown in Table 3.  
 

 
 

Fig. 10. Plots of (n2) as a function of λ2 for InSbSe3 films 
deposited at different Td. 



H. E. Atyia 
 

1364

Table 3. The parameters derived from refractive index 
(n)      for    InSbSe3     films    deposited       at    different        
                              deposition  temperatures. 

 
Td, K ε∞(1) λo, nm So, m-2 N/m*×1017 Eo/So,eVm2 ε∞(2)
473 9.62 451 3.997×1013 6.82 6.88 ×10-14 9.33
523 9.90 468 4.08 ×1013 4.77 6.49 ×10-14 9.53
593 10.79 480 4.12 ×1013 3.14 6.27 ×10-14 10.09
 

In the second procedure, ε∞ can be calculated by 
applying the following simple classical dispersion relation 
using the single term Sellmeir oscillation [32] 

 
( )    

λ

λ

n

n
2
2o

2

2 11
1 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
= −−

−
∞                   (7) 

 
where n∞ long wavelength refractive index, λo the average 
oscillator wavelength plotting (n2-1)-1 against λ−2 as shown 
in Fig. 11 at different deposition temperatures Td.  Values 
of λo and ε∞(2) can be calculated from the linear relation of 
Fig. 11 for InSbSe3 films as a function of deposition 
temperature. The values of dielectric constant using the 
second procedures ε∞(2) and λo are given in Table 3. 
 

 
Fig. 11. Plots of (n2-1)-1 against λ−2 for InSbSe3 films 

deposited at different Td. 

 
It is clear that the values ε∞(1)  and ε∞(2)  obtained from 

the two methods approximately agree with each other, that 
may be attributed to the lattice vibrations and bounded 
carriers in an empty lattice. The mean values of the high 
frequency dielectric constant equals to 9.48, 9.72 and 
10.85 for InSbSe3 films deposited at deposition 
temperature equal to 473, 523 and 593 K, respectively.  

The equation (7) can be expressed as [33] 
                

    n2-1= (So λ2
ο)/(1- (λ2

ο/λ2)) ,                          (8) 
 
where So is the average oscillator strength                            
(So= (n2

∞ -1)/λ2
ο). The obtained values of So, and  Eo /So  

(the refractive index dispersion parameter) for InSbSe3 

films as a function of deposited temperatures are given in 
Table 3. It is clear from this Table that the value of ε∞ and 
λo increases with increasing Td and the value of Eo /So  is 
of the same order as that obtained by Didomenico and 
Wemple [34] for a member of materials belonging to 
several crystal structures: (6.0 ± 0.5)×10-14 eV.m2.  
 
 

3.2.5 Determination of complex dielectric constant 
 
The complex refractive index n=n+ik and the complex 

dielectric function ε* = ε1 + iε2, where ε1 and ε2 are the real 
and imaginary part of complex dielectric constant 
,respectively. ε1 can be calculated according to equation  
(6) and the imaginary part ε2 was determined by the 
following relation [35]  

 
              ε2=2nk=(ε∞ω2

p / 8π2c3τ)λ3                           (9) 
 

where ωp is the plasma frequency and τ is the optical 
relaxation time. The imaginary and real part of dielectric 
constant can be calculated as it is directly related to the 
density of states within the forbidden gap of the 
investigated films [35].   

 The imaginary and real part of dielectric constant of 
InSbSe3 films at different deposition temperature Td are 
shown in Fig. 12 a,b respectively. One remarks that both 
ε1 and ε2  increase with increasing photon energy as well as 
increasing deposition temperature.  

 

 
a 

 
 

b 
Fig. 12. Plots of dielectric constant ε1 (a) and dielectric 
loss  ε2  as  a  function of  photon  energy (E)  for InSbSe3  
                        films deposited at different Td.  

λ-2,nm-2 
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 The dielectric relaxation time can be evaluated by 
using the following relation [36]: 

 
                       τ = (ε∞ - ε1) / ωε2                          (10)  

 
Fig. (13) depicts the variation of dielectric relaxation time 
as a function photon energy for InSbSe3   films at different 
deposition temperature Td. This figure shows that the 
relaxation time increases with increasing photon energy as 
well as deposition temperature. 
 
 

 
Fig. 13. Dependence of relaxation time (τ) on the photon 

energy (E) for InSbSe3 films deposited at different Td. 
 
 

 The dissipation factor tanδ can be calculated 
according to the relation [37] 

 
             tanδ =ε2/ε1                                   (11) 

 
The variation of dissipation factor as a function 

frequency for InSbSe3 films at different deposition 
temperatures Td was shown in Fig. 14. This figure shows 
that the dissipation factor increases with increasing photon 
energy as well as deposition temperature. 

 

 
 
 

Fig. 14. Dependence of dissipation factor (tan δ) on the 
photon energy (E) for InSbSe3 films deposited at different  
                                            Td.  
 
 
 

4. Conclusions 
 
Structural investigation of InSbSe3 films of various 

thickness, deposited at different deposition temperatures 
above room temperature shows that the films deposited at 
temperatures greater than or equal to 523 K have a 
crystalline structure.   

The optical constants n and k of the poly-crystalline 
and crystalline films are found to be thickness independent 
over the spectral range. The maximum value of the 
refractive index n is shifted towards long wavelengths with 
increasing deposition temperature. The optical transition 
responsible for optical absorption was indirect one with 
optical energy gap decreasing with increasing Td. The 
dispersion parameters were determined and also studied as 
a function of the deposition temperature. The values of the 
real part of the dielectric constant are higher than the 
imaginary part and both of them increase with increasing 
photon energy E as well as deposition temperature Td. The 
relaxation time τ, and the dissipation factor tan δ, also 
increase with the deposition temperature.   
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