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Thermal evaporation technique was used to prepare a-Ge70Se30 thin films onto glass 
substrates of thicknesses range (108–717 nm). Transmittance measurements in the 
wavelength range (400-2500nm) were used to calculate the refractive index n  and the 
extinction coefficient k  using Swanepole’s method. The calculated parameters such as 
optical band gap opt

gE , the width of the tail of localized states in the band gap eE , optical 

conductivity optσ , complex dielectric constant, relaxation time τ  and dissipation factor 

δtan  were determined. The analysis of the optical absorption data revealed that the 
optical band gap opt

gE  was indirect transitions. The optical dispersion parameters oE  and 

dE  were determined according to Wemple - DiDomenico method. 
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1. Introduction 
 
Chalcogenide glasses have recently drawn attention from scientists because of their 

potential use in various solid state devices [1,2,3]. Besides, the physical properties of chalcogenide 
semiconducting glasses are strongly dependent on their compositions [4,5]. Chalcogenide 
semiconductors have truly emerged as multipurpose materials and have been used to fabricate 
technological important devices: IR detector, electronic and optical switches and optical recording 
media [6]. Chalcogenide glasses of Se70Ge30 alloys are very interesting materials for infrared 
optics. They have a large range of transparency from around 0.6 to 30 mm and good mechanical 
and chemical properties, such as hardness, adhesion, low internal stress and water resistance. 
Optical properties of the Se70Ge30 system were reported by many authors [7,8]. This paper aims to 
investigate the optical constants of Se70Ge30 thin films deposited on glass substrates held at room 
temperature such as refractive index n , extinction coefficient k , optical band gap opt

gE , the width 

of the tail of localized states in the band gap eE  , optical dispersion parameters oE  and dE , 
complex dielectric constant, relaxation time τ , dissipation factor δtan  and optical conductivity 

optσ .  
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2. Experimental 
 
Se70Ge30 was prepared by the usual melt quenching technique. The constituent elements Se 

(99.9%) and Ge (99.999%) were weighed and mixed in the appropriate stoichiometric proportion 
and sealed in evacuated (10-5 Torr) silica ampoule. The ampoule was placed in furnace and heated 
stepwise to 1223K to allow the elements to react completely. The ampoules were then kept at 
1373K for about 15 h and shaken frequently to ensure that the melt was homogeneous. The 
ampoules are quenched in ice water from the melt state [9]. Thin films were prepared by thermal 
evaporation at 10-5Torr using an Edwards coating system E-306. Molybdenum boats were used for 
evaporation. The thickness of the film was measured using a quartz crystal monitor Edward model 
FTMS. The structure of the investigated thin films shows the absence of any sharp diffraction 
lines, indicating that the amorphous nature of the investigated Se70Ge30 thin films [9]. The 
transmittance T(λ) of the investigated sample films were measured in the spectral range                    
(400–2500 nm) using SPECTROMETER/DATA SYSTEM, JASCO Corp., V- 570, Rev.1.00, for the 
as-deposited Se70Ge30 thin films for different thicknesses. 

 
3. Results and discussion 
 
3.1. Optical properties of Se70Ge30 thin films. 
 
3.1.A. Method of calculation 
 
The optical constants (refractive index n , extinction coefficient k , absorption coefficient 

α , and the optical energy gap opt
gE ) were determined using Swanepoel’s method [10-13]. A thin 

film on a transp-arent substrate is shown in Fig.1. In this figure, d , n , α  and T  denote the film 
thickness, the refractive index, the absorption coefficient and the transmission, respectively. The 
transparent substrate has a thickness several orders of magnitude larger than d  and has refractive 
index sn  and absorption coefficient  sα = 0. The refractive index for air is taken to be on =1. The 
transmission spectrum can roughly be divided into four regions [10,11]: 
  
(i) In the transparent region, (α =0), the transmission is determined by n  and sn  through 
multiple reflections.  
(ii) In the region of weak absorption, α  is small and transmission begins to decrease.  
(iii) In the medium absorption, α  is large, the transmission decreases mainly due to the effect of 
α .  
(iv) In the region of strong absorption, the transmission decreases drastically due almost 
exclusively to the influence of α . 

 
 

Fig.1  System of an absorbing thin film on a thick finite transparent substrate. 
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If the thickness d  is uniform, interference effects give rise to the spectrum showed a 
maxima and minima of the transmission curve. These interference fringes can be used to calculate 
the optical constants of the film. The basic equations for the four regions are as follows [10-13]: 
(i) For the transparent region the refractive index n  is given by [13]: 
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(ii,iii) The region of weak and medium absorption, the refractive index n  is given by [13]:- 
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For the absorption index k , the absorbance, x , is given in terms of the interference extremes 
using the following relation [13]:- 
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(iv) For the region of strong absorption where the interference maxima and minima converge to a 
single curve oT , the absorbance, x , is given by [13]:- 
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3.1.B. Determination of absorption coefficient α  and optical energy gap opt

gE . 
 
The study of the optical absorption of the investigated amorphous Se70Ge30, particularly 

the absorption edge has proved to be very useful for elucidation of the electronic structure of these 
materials. The spectral distribution of the refractive index n, the extinction coefficient k and the 
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absorption coefficient α  were determined using Swanepole’s method [10]. In this section, we 
study the transmittance of the as deposited Se70Ge30 thin films. The analysis of the absorption 
coefficient has been carried out to obtain the optical energy gap Eg

opt and also, the analysis of the 
refractive index n  with the help of the absorption index k  has been carried out to obtain the real 
and imaginary part of complex dielectric constants ( 1ε  , 2ε ), dissipation factor δtan , relaxation 
time τ  and the optical conductivity optσ .  

 
3.1.B.I. Spectral distribution of the transmittance as a function of wavelength 
 
The spectral distribution of transmittance T (λ) was studied for Se70Ge30 in the thickness 

range (108-717nm) using unpolarized light at normal incidence in the wavelength range (400-2500 
nm). The obtained spectral distribution curves T(λ ) is illustrated in Fig.2 for Se70Ge30 thin films of 
different thicknesses. 

 
 

 
 

Fig. 2. Spectral distribution of the transmission T(λ)  for Se70Ge30  for different thin film 
thicknesses. 

 
 
 

 
3.1.B.II. The refractive index n  and absorption index k . 
 
The refractive index n  and absorption index k  were computed from the obtained )(λT  in 

the wavelength range (400-2500nm) using Swanepoel’s method [10] for the investigated thicknesses. 
The spectral distributions of the mean values of n  and k  versus wavelength λ for the investigated 
thicknesses are shown in Figs.(3&4) respectively. 
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Fig.3 Dependence of the mean values of the refractive index n  on the wavelength λ for the 

investigated sample thin films. 
 
 
 

 
Fig.4 Dependence of the mean values of the extinction coefficient k  on the wavelength λ  

for the investigated sample thin films. 
 

 
3.1.B.III. Optical absorption edge. 
  
The spectral distribution of the absorption coefficient α  of the films was calculated from 

the relation λπα /4 k= , depend on the values of k  calculated using Swanepoel’s method. A plot 
of logα  as a function of photon energy νh  for Se70Ge30 thin film is illustrated in Fig.5. The 
optical absorption edge was analyzed by the following relation [14-16]:- 

 
mopt

gEhAh )( )1(−= ννα ,                                                    (9)   
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where A  is the edge width parameter representing the film quality, which is calculated from the 
linear part of this relation, opt

gE )1(  is the optical energy gap of the material and m  determines the 
type of transition. The parameter m  has the value 1/2 for the direct allowed transition and has the 
value 2 for the indirect allowed transition. The usual method for the determination of the value of 

opt
gE )1(  involves a plotting of 2/1)( ναh  and 2( )hα ν  against νh  as shown in Fig.6. This figure shows 

that 2/1)( ναh  versus νh  is a linear function; this linearity indicates the existence of the allowed 
indirect transitions. The value of the energy gap opt

gE )1(  is determined from the intercept of the 
extrapolation to zero absorption with the photon energy axis. Applying the least-square method to 
ensure the linearity behaviour of the obtained curves. Accordingly, values of the forbidden band 
gap opt

gE )1( and A  were given in Table.1. 
 

 
 

Fig.5 Dependence of the absorption coefficient logα  on the photon energy νh  for the 
investigated sample thin films. 

 
 
 

 
 

Fig.6. Dependence of 2/1)( ναh  and 2( )hα ν  on the photon energy νh  for the as-
deposited thin films. 
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The obtained results of Se70Ge30 thin films can be confirmed by plotting 2ενh  against 

νh  illustrated in Fig.7, where nk22 =ε  ( 2ε  is the imaginary part of the dielectric constant). The 
linear part of this graph, as described by the following relation [16-17]: 

 
 

2
)2(2

22 )( opt
gEhh −≈ νεν  ,                                                                          (10) 

 
The extrapolation of this linear part yields opt

gE )2(  indicates indirect optical transition for 

the investigated sample. The obtained values of the forbidden band gap opt
gE )2(  from Fig.7 are in 

good agreement with those obtained from Fig. 6 for the investigated sample. The mean values of 
the forbidden band gap for Se70Ge30 equal 2±0.02eV. Values of opt

gE )2(  was given in Table.1 for the 

investigated sample. The value of opt
gE  for indirect optical transition of Se70Ge30 films is in good 

agreement with those obtained before by N.A. Bakr [18], which equal 2eV for Ge0.28Seo.72   
and 2.03 for GeSe3 obtained by J. Reyes et al [19]. 
 

 
 

Fig. 7.  Dependence of 2/1
2 )(ενh  on the photon energy νh  for the investigated thin films. 

 
 

The second region of the absorption edge is for the lower values of the absorption 
coefficient, that is for  α <l04 cm-1, where the absorption at lower photon energy usually follows 
the Urbach rule [16] according to the following equation: 
 

)/exp()( eo Ehνανα = ,                                                    (11) 
 

where ν  is the frequency of the radiation, oα  is a constant, h  is Planck’s constant and eE  is 
Urbach energy which is interpreted as the width of the tails of localized states in the band-gap and 
in general represents the degree of disorder in an amorphous semiconductor [16], the absorption in 
this region is due to transitions between extended states in one band and localized states in the 



 
 

27

exponential tail of the other band.  From plotting of logα  as a function of hν  as shown in Fig.5, 
it can be calculated the values of eE and tabulated in Table 1. 
 

Table 1. Optical parameters of Se70Ge30 thin films. 
 

Material 
From Fig. 6 

opt
gE )1( , eV 

From  Fig. 7 
opt
gE )2( , eV 

 
A , cm-1. eV-1 

 

 
eE ,eV 

Se70Ge30  2.02 1.98 4.89x105 0.4537 

 
 

3.1.B.IV. Dispersion energy parameters of Se70Ge30 thin films. 
 
Wemple-DiDomenico [20-21] use a single-oscillator description of the frequency-

dependent dielectric constant to define a “dispersion energy” parameters dE  and oE . The 
refractive index dispersion of the sample studied can be fitted by the Wemple-DiDomenico. The 
dispersion plays an important role in the research for optical materials, because it is a significant 
factor in optical communication and in designing devices for spectral dispersion. Although these 
rules are quite different in detail, one common feature is the over-whelming evidence that both 
crystal structure and ionicity influence the refractive-index behaviour of solids in ways that can be 
simply described [21]. The relation between the refractive index n , and the single oscillator 
strength below the band gap is given by the expression [20-21]: 
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where oE  and dE  are single oscillator constants, oE  is the energy of the effective dispersion 

oscillator, dE  the so-called dispersion energy, which measures the average strength of interband 

optical transitions. The oscillator energy oE  is an average of the optical band gap, opt
gE , can be 

obtained from the Wemple–DiDomenico model. Experimental verification of Eq.12 can be 
obtained by plotting 12 )1( −−n  versus 2)( νh as illustrated in Fig.8 for Se70Ge30, which yields a 
straight line for normal behaviour having the slope 1)( −

do EE  and the intercept with the vertical 
axis equal to do EE / . Values of oE and dE  for Se70Ge30 thin films are 6.395 and 20.047eV, 
respectively. But the obtained curve in Fig. 8, shows a negative deviation from linearity. A 
negative curvature deviation at shorter wavelength is sometimes observed due to the proximity of 
the band edge or extonic absorption [20-21]. The values of oE and dE  obtained by E. Márquez et 
al [19,22] are 4.88 and 21.81eV for Ge0.25Se0.75,  5.40 and 23.80eV for Ge0.35Se0.65, and 4.60 and 
23.2eV for GeSe3, respectively. The obtained values in this study are in good agreement with those 
obtained before. Furthermore, the dispersion energy follows a simple empirical relationship for 
covalent solid materials[20-21]:- 

 
d c e aE N N Zβ= ,                                                       (13)   

 
where β  is a constant, and according to Wemple [20-21], for covalent crystalline and amorphous 
materials has a value of 0.37±0.04 eV. cN  is the coordination number of the cation nearest 

neighbour to the anion, aZ  is the formal chemical valency of the anion and eN  is the effective 
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number of valence electrons per anion. In the present case, aZ =2 [19]. Value of  eN  was 
calculated according to the following equation [22]:  
 

((64 6(1 ))Ne
1

x x
x

+ −
=

−
     ,     0x ≠                                                       (14) 

 
The corresponding value of eN  for Se70Ge30 from the above equation equal 7.71.  The 

obtained values of  cN  according to Eq.13 equals 3.513 ( 0.37β = ).   

 
 

Fig. 8. Plots of 12 )1( −−n  against 2)( νh  for the investigated thin films. 
 

 
 
3.2.A. Determination of dielectric constants for Se70Ge30 thin films.  
 
3.2.A.I. Determination of high frequency dielectric constant. 
 
The obtained data of refractive index  n  can be analyzed to obtain the high frequency 

dielectric constant via two procedures [23]: the first procedure describes the contribution of the 
free carriers and the lattice vibration modes of the dispersion. The second procedure, however, is 
based upon the dispersion arising from the bound carriers in an empty lattice. To obtain a reliable 
value for the high frequency dielectric constant ε∞ , we employed both procedures. 

 
:The first procedure) i( 

    
The following equation can be used to obtain the high frequency dielectric constant [23]: 
 

2
)1(1 λεε B−= ∞ ,                                                      (15) 

where  

                                                             (16)∗=
mc

NeB
oεπ 22

2

4
 



 
 

29

 
where 1ε  is the real part of dielectric constant, )1(∞ε  the lattice dielectric constant or (the high 
frequency dielectric constant) according to first procedure,  λ   the wavelength, N  the free charge 
carrier concentration, oε  the permittivity of free space (8.854x10-12F/m), ∗m  the effective mass of 

the charge carrier and c  the velocity of light. The real part of dielectric constants 2
1 n=ε  was 

calculated at different values of λ . Then, the obtained values of 1ε  are plotted as a function of 2λ  

as shown in Fig.9. It is observed that the dependence of 1ε  on 2λ  is linear at longer wavelengths. 
Extrapolating the linear part of this dependence to zero wavelength gives the value of (1)ε∞  and from 

the slopes of these lines, value of ∗mN /  for the investigated sample was calculated according to 
the Eq.16 of  the constant B . The obtained values of (1)ε∞  and ∗mN /  are given in Table 2. 
 

(ii) The second procedure:  
 
The dielectric constant of a material could be calculated using the dispersion relation of 

incident photon. The refractive index was also fitted using a function for extrapolation towards 
shorter wavelengths. The model of Moss [24], which stated that the free carriers contribution to 
dispersion are relatively small. This means that data corresponding to the wavelength range lying 
below the absorption edge of the material are to be used. In such a case, one can apply the next 
relation. The properties of the investigated sample could be treated as a single oscillator at 
wavelength oλ  at high frequency. The high frequency dielectric constant can be calculated by 
applying the following simple classical dispersion relation [23]: 
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where on  is the refractive index at infinite wavelength oλ  (average interband oscillator 
wavelength), n  the refractive index and λ  the wavelength of the incident photon.  Plotting 

12 )1( −−n  against 2−λ  which showed linear part, was below the absorption edge as shown in 
Fig.10. The intersection with 12 )1( −−n  axis is 12 )1( −−on  and hence, 2

0n  at oλ  equal to )2(∞ε  

(high frequency dielectric constant). Values of )2(∞ε  for Se70Ge30 thin films are given in Table.2. 
Eq.17 can also be written as [25]:- 
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where oS  is the average oscillator strength which equals to:- 
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Table.2. Values of )1(∞ε , )2(∞ε , oλ , oS  and ∗mN /  for Se70Ge30 thin films. 

 

Material 
From 
Fig. 9 

)1(∞ε  

From 
Fig. 10 

  )2(∞ε  
oλ , nm oS  ,        

m-2 
∗mN / ,      m-3 

Se70Ge30 4.16 4.13 199.1 7.91 × 1013 3.68 × 1054 

It is clear from Table.2 that the values of )1(∞ε  and )2(∞ε  obtained from the two 
procedures approximately agreed with each other, may be attributed to  the lattice vibrations and 
bounded carriers in an empty lattice are in the transparent region [16]. The mean values of the high 
frequency dielectric constant for Se70Ge30 equal 4.146 ± 0.012.   

 
Fig. 9. Plots of 1ε   as a function of 2λ  for the investigated thin films. 

 
 
 
3.2.A.II. Determination of complex dielectric constant. 
 

The complex refractive index iknn +=)  and dielectric function 21 εεε i+=)  
characterize the optical properties of any solid material. The imaginary and real parts of dielectric 
constant of thin films were also determined by the following relations [26-28]: 
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where 1ε  is the real part, 2ε  the imaginary part of the dielectric constant, ∞ε   is the high 
frequency dielectric constant, pω  is the plasma frequency, τ  the optical relaxation time and 
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παλ 4/=k . the imaginary and real parts of the dielectric constant can be calculated as it is 
directly related to the density of states within the forbidden gap of the investigated sample       [26-
27]. The real and imaginary parts of the dielectric constant of the films are shown in Fig.11 for 
Se70Ge30 thin films. It is seen that both 1ε  and 2ε  increases with increasing photon energy. The 
real and imaginary parts follow the same pattern and it is seen that the values of real part are 
higher than the imaginary parts. 
 

 
 

Fig.10. Plots of 12 )1( −−n  against 2−λ for the investigated thin films. 
 

 
For instance, the properties of a dielectric change on a time scale determined by the 

relaxation time when an external electric field is changed. This so-called dielectric relaxation time 
is a property of a solid that is closely related to its conductivity. The dielectric relaxation time is a 
measure of the time it takes for charge in a semiconductor to become neutralized by conduction 
process. it is small in metals and can be large in semiconductors and insulators. The dielectric 
relaxation time τ  can be evaluated by using the relation [28-30]: 
 

2

1

ωε
εετ −

= ∞ ,                                                        (22) 

 
Fig.12 depicts the dielectric relaxation time τ  as a function of photon energy νh  for 

Se70Ge30 thin films. This figure showed that the relaxation time increases with increasing the 
photon energy.  
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Fig.11 Plots of 1ε   and 2ε  as a function of νh  for the investigated thin films. 

 

 
Fig.12 Dependence of the dielectric relaxation time τ  on the photon energy νh  for the 

investigated thin films. 
 

 
In physics, the dissipation factor (tanδ) is a measure of loss-rate of power of a mechanical 

mode, such as an oscillation, in a dissipative system. For example, electric power is lost in all 
dielectric materials, usually in the form of heat. The dissipation factor δtan  can be calculated 
according to the following equation [25]: 
 

1

2tan
ε
εδ = ,                                                                 (23) 

 
The variation of dissipation factor of the investigated films with frequency υ  is shown in 

Fig.13. It is found that the dissipation factor increases with increasing photon energy. 
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Fig.13 Dependence of dissipation factor δtan  on the photon energy νh  for the 
investigated thin films. 

 
 
 
The absorption coefficient  α  can be used to calculate the optical conductivity optσ  as 

follow [31]: 
 

π
ασ
4
nc

opt = ,                                                                                                        (24) 

 
Fig.14 shows the variation of optical conductivity optσ  as a function of photon energy 

νh .  The increased of optical conductivity at high photon energies is due to the high absorbance 
of Se70Ge30 thin films and also may be due to the electron excited by photon energy [32]. 

 

 
 

Fig.14 Dependence of optical conductivity optσ  on the photon energy νh  for the 
investigated thin films. 

 
4. Conclusions 
 
The refractive index n  and absorption index k  were computed from the obtained )(λT  

using Swanepoel’s method. On the basis of the optical investigations of the films, the following 
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results were obtained. The optical band gaps were calculated in terms of Tauc method and 
Wemple- DiDomenico model. The (1)

opt
gE  and opt

gE )2(  are in agreement with each other and good 
agreement with the values obtained before. The type of optical transition responsible for optical 
absorption was indirect transitions. Values of the real part of the dielectric constant are higher than 
the imaginary part. The relaxation time τ , the dissipation factor δtan  and the optical 
conductivity optσ  were increased with increasing the photon energy. 
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