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The optical transmission spectra at normal incidence of amorphous ternary Ge20Se77.5Bi2.5 glass has been measured in the 
range from 200nm – 800nm. From the transmission spectrum, the refractive index(n) ,the thickness(t) of the film, absorption 
coefficient ‘ α’ and extinction coefficient ‘k’ have been obtained using Swanepoel’s method. The optical band gap (Eg) has 
been calculated from the optical absorption model using Tauc’s model. The variation of refractive index and extinction 
coefficient with photon energy are studied. The homogeneity of the glass composition was verified using XRD. Thin film of 
the alloy was prepared by a vacuum evaporation keeping substrate at room temperature and at base pressure of                    
~ 10-5 Torr. 
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1. Introduction 
 
Ternary compounds of chalcogenide glasses find a 

wide range of applications. Chalcogenide glasses have 
extensive applications as electronic and optoelectronic 
device material [1]. This class of materials containing a 
large percentage of chalcogen elements is widely used in 
switching and memory devices [2,3]. An understanding of 
the dependence of various properties of such chalcogenide 
glasses on composition is important, because the 
continuously variable composition of these alloys may be 
utilized to prepare materials for particular applications. 

The study of the optical constants of materials is 
interesting for many reasons. First, the use of materials in 
optical fibers and reflected coating requires accurate 
knowledge of their optical constants over wide ranges of 
wavelengths. Second, the optical properties of all materials 
are related to their atomic structure, electronic band 
structure and electrical properties.  The index of refraction 
depends on the chemical composition of the glasses. 
Changes in the optical constants are in many cases very 
weak and very precise methods are necessary to determine 
them. There are many methods for optical characterization 
of thin films ranging from complicated computational 
techniques to ingenuous experimental arrangements 
[4,5,6]. Optical transmission measurements are used 
extensively for the refractive index determination of 
transparent (or semicondcuting) thin films deposited on 
fully or partly transparent substrates.  R.Swanepoel [7,8] 
had developed a method for effectively analyzing the 
optical properties of amorphous thin films by analyzing 
the material’s transmission spectrum. This method has the 
advantage that it is non destructive and yield the 
dispersion relation over a large range of wavelengths 
without any prior knowledge of the film’s thickness.  

For determining the optical constants, using only the 
transmission spectra, based upon Swanepoel has been 
used. This method is based on the upper and lower 
envelopes of the optical transmission spectra.  

2. Experimental 
  
A glassy alloy of Ge20Se77.5Bi2.5 composition is 

prepared by melt quenching technique. High purity 
elements in appropriate atomic weight percentages were 
accurately weighed in to a quartz ampoule (length~14cm, 
internal diameter~1cm) and the ampoule was vacuum-
sealed at a pressure of 10-6 Torr.  The ampoule is kept 
inside a furnace where the temperature is raised to 10000C 
at the rate of 3-40C/min. The ampoule is frequently rocked 
for 24hrs at the maximum temperature to make the melt 
homogeneous. Quenching is done in ice water. The 
homogeneity of the glass composition was verified using 
XRD. Thin film of the alloy was prepared by a vacuum 
evaporation keeping substrate at room temperature and at 
base pressure of ~ 10-5 Torr. The normal incidence 
transmission spectra have been measured by a 
UV/VIS/NIR Spectrometer, in the transmission range 200-
800nm. 

 
 
3. Results and discussion 
 
According to Swanepoel, which is based on the 

approach of Manifacier et al [9], the refractive index in the 
region where the absorption coefficient α is ≈ 0 is 
calculated by the equation 

 
n  = [M+ (M2-S2)1/2]1/2                          (1) 

 
where  
 

M = 2S (Tmax-Tmin/Tmax*Tmin)  + ( S2 + 1)/2              (2) 
 
Tmax  and Tmin  are maximum and corresponding minimum 
of the transition spectrum at constant wavelength. and 
“n2”is the refractive index of the substrate (glass), 
typically n2 = 1.5 for most glasses, So Tmax ≈0.92. The 
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values of n1 are calculated using different wavelengths 
corresponding to tangent points (at Tmax and Tmin). 
If n1

1 and n2
1 are the refractive indices at two adjacent 

tangent points at λ1 and λ 2, then according to the basic 
equation for interference fringes, 
 

2nt = m λ                                          (3) 
 
where m is an order number and the thickness is given by  
                            

t = λ1 λ2/[4(λ1 n2
1-  λ 2 n1

1)]                      (4) 
 

It should be noted that owing to optical absorption, 
this particular equation is not valid at the interference 
maxima and minima, but is valid at the tangent points 
referred to [7]. 

The refractive index (n) and the optical band gap (Eg) 
can be calculated by measuring the absorption coefficient 
(α), using the equation [7] 

 
x= exp (-α t)                                   (5) 

 
where x is the absorbance and t film thickness. 

Fig.1 gives the dispersion curve of the refractive index 
with photon energy, from 200-800nm, for the given 
composition. It is observed that, the refractive index has 
the normal dispersion, according to Cauchy’s Formula 
[10,11]. From the figure it is clear that the refractive index 
decreases with increase of photon energy. 
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Fig. 1. Variation of refractive index with photon energy. 
 

 
From the absorption coefficient data, extinction 

coefficient’k’ can be calculated as 
                  

k = αλ/4π                                        (6) 
 

Fig. 2 shows the variation of extinction coefficient’k’ 
with the photon energy hν. From the figure it is clear that 
as hν increases k also increases gives a broad peak, there 
after it goes on decreases. The changes obtained in the 
value of ‘k’is due to change in the stoichiometry [12] and 

internal strain [13] of the glassy alloy with the addition of 
Bi.  
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Fig. 2. Variation of extinction coefficient with photon energy. 
 

 
A linear relation between (αhν)1/2 and the photon 

energy (hν), is presented for the given composition as 
shown in Fig. 3, which indicates that the indirect band gap 
transitions are predominant [14] The optical band gap Eg 
can be calculated from the extrapolation of the linear 
portion of the line figure 4 to(αhν)1/2 = 0, according to the 
relation[14,15,16]. 
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Fig. 3. Variation of (αhν)1/2 with hv for Ge20Se77.5Bi2.5 
glass composition. 

 
 

 
(αhν)1/2 = B (Eg – hν)                       (7) 

 
where B- Tauc constant [17], is determined from the slope 
of the linear part in figure 3. This constant represents the 
degree of randomness of the structure of the amorphous 
solids [15].  It depends on the transition probability and 
the refractive index. 
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4. Conclusions 
   

The optical properties of the given glass composition 
has been calculated. The variation in the value of the 
refractive index ‘n’ and extinction coefficient ‘k’ could be 
explained in terms of the changes introduced in the 
stoichiometry, crystalline size and internal strain of the 
glassy alloy due to the introduction of Bi. 
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