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Abstract – The chalcogenide glasses have recently been investigated intensively because of their promising technological 

applications in reversible phase change optical recording. Recently, there is a trend of using amorphous materials, rather than 

carefully prepared crystalline semiconductors, in much needed investigation of such chalcogenide based materials. The present 

study examines the impact of germanium (Ge) content variation on the optical properties of GexSe50Te50-x (x = 10, 20, 30, 40 at 

%) based thin films. The optical absorption estimations were performed at room temperature with the change in wavelength. 

Numerous optical constants were also studied for the concentrated thin films using the optical absorption information in 

transmission spectra. It was observed that the optical absorption mechanism follow the rule of the allowed direct transition. The 

theoretical band gap was found to decrease as the Ge content (%) increases from 10 to 40 at %. This outcome was clarified 

regarding the compound bond approach and hence shows usefulness for optical recording devices. 
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I.  INTRODUCTION 

 

Chalcogenide based glasses have been attracting much 

attention in the field of optical recording devices as well as 

in infrared optics, since they exhibit several peculiar 

phenomena useful for devices such as electrical switches, 

memories, image storage, photo resistors etc. The common 

feature of these glasses is the presence of localized states in 

the mobility gap, as the result of the absence of long-range 

order as well as various inherent defects. Optical data 

storage based on laser induced amorphous to crystalline (a-

c) phase transformation of various chalcogenide glasses has 

been an interesting area with on-going activities of several 

researchers [1–4]. The recent trend of using amorphous 

materials, rather than carefully prepared crystalline 

semiconductors, in useful electronic devices necessitates 

much needed investigation of such chalcogenide based 

materials. These glasses have been known to exhibit a 

particular single glass transition temperature and a single 

crystallization temperature, which is the most important 

condition for rewritable devices. Several chalcogenide 

alloys have been developed as sophisticated recording layer 

and their vast practical performance has also been reported 

[5–7]. 

Erasable recording technique is usually considered to be a 

potential replacement for conventional recording only 

techniques due to its high storage density and long archival 

stability. The chalcogenide materials, used for recording 

medium, must be easy to amorphize and crystallize, and 

there should be a high optical contrast between the 

amorphous and crystalline states. In phase change optical 

recording technology, a laser pulse of several hundred 

nanoseconds duration is used to erase a written spot. For the 

amorphous to crystalline phase transformation in phase 

change recording, the layer material must be very fast so as 

to enable erasing in such a short time. Hence, the study of 

amorphous to crystalline phase transformation is of utmost 

importance for the development of some new chalcogenide 

glasses as better phase change optical recording materials 

[8].  

 

The addition of Germanium to the Se-Te system is expected 

to modify the material properties to make it more suitable 

for reversible optical recording with an erase time less than 

1 μsec. Ge-Se-Te framework has a special place with 

chalcogenide glasses and has gotten the immense 

consideration because of mechanical significance, for 

example, memory switches, optical recording, reversible 

phase change and fiber optics [9, 10]. This framework can 

be delivered by alloying Ge, Se, Te components in 

proportionate ratio. Se has already established its importance 

as one of the critical components because of its vital 

commercial applications [11]. Be that as it may, it has a 

short lifetime and low sensitivity, that’s why several 

researchers have utilized distinctive added substances, for 

example, Bi, Ga, Pb, As, Sn and Ge for alloying Se to some 

degree [12-14]. The expansion of third chalcogen 
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component could make a chemical and topological issue in 

Ge-Se composite.  

 

With a specific end goal to comprehend the physical 

properties of this material the estimation of optical 

parameters is imperative. Thus the estimation of optical 

parameters with the shifting structure is essentially vital. 

The aim of the present work is to examine the impact of 

arrangement minor departure from optical parameters of 

GexSe50Te50-x(x = 10%, 20%, 30% and 40%). 

 

II. METHODOLOGY 

 

Right off the bat, the utilization of the material in optical 

applications, like, interference filters, optical fiber, and 

reflecting covering requires precise information of their 

optical constants over an extensive variety of wavelengths. 

Furthermore, the optical properties of all materials might be 

identified with their nuclear structure and electric properties. 

Thirdly high refractive record and low optical losses allow 

their improvement as infrared optical material [15]. 

 

The optical parameters of chalcogenide thin films such as 

absorption coefficient, extinction coefficient, and optical 

band gap can be resolved by studying the transmittance and 

reflectance information estimated by using a 

spectrophotometer.  

 

The major absorption is identified with band-to-band 

change, which is subjected to certain determination rules 

[16]. The changes are grouped into a few sorts, as indicated 

by the band structure of a material. At room temperature, 

optical absorption spectra of GexSe50Te50-x(x = 10%, 20%, 

30% and 40%) thin films have been studied to determine the 

absorption coefficient. The connection between absorption 

coefficient and optic band gap for coordinate progress is 

given by 

     (     )
 
    (1) 

Where Eg is the optical band gap in ev, α is the absorption 

coefficient and n is the parameter depend upon the transition 

type of the absorption edge. the parameter n can have any 

value which is equal to 1/2, 2, 3/2, and 3 for direct allowed, 

indirect allowed, direct forbidden, and indirect forbidden 

transitions. n is a power factor which depend upon the 

nature of the material whether the material is crystalline or 

non-crystalline. For the amorphous material, indirect 

transitions are valid. According to Tauc’s law [17] for 

indirect transition n=2. 

 

     
 

 ⁄              (2) 

In the greater part of the cases, a little portion of scattering 

of light is overlooked which is specifically identified with 

the extinction coefficient of the complex material. The 

extinction coefficient is identified with the decay, or 

damping of the oscillation amplitude of the occurrence light. 

Along these lines, we can state that the extinction coefficient 

in optics is the consolidated impact of scattering of light and 

absorption coefficient. A huge extinction coefficient implies 

that the beam is immediately "attenuated" (weakened) as it 

goes through the medium, and a little extinction coefficient 

implies that the medium is moderately transparent to the 

beam [18]. Attenuation coefficient describes the extent up to 

which the radiant flux of a beam is reduced after passing 

through a specific material. it is given by 

  
  

  
                        (3) 

The theoretical band gap as the minimum energy required 

for optical excitation of the material. Theoretical energy gap 

has been calculated using Shimakawa’s relation [19] 

                                     (4) 

where x,y,z are the volume fractions of Ge, Se and Te and 

Eg(Ge) = 0.95eV, Eg(Se) = 1.95 eV and Eg(Te) = 0.65 eV are 

energy gaps of Ge, Se and Te respectively. Optical band gap 

and refractive index are two most important properties of 

semiconductor. Optical transmission range of the thin film is 

seen to be moved towards higher wavelength with the 

expansion of Ge content.  

 

Refractive index is the key optical property of a substance 

which defines the working performance of a material. 

Refractive index of a material reflects the relative 

permittivity and the relation is given by εopt = η
2
. The 

relative change distribution of atoms in microscopic 

complex causes is altered due to the incident light. The 

refractive index of the sample increase with increase of Ge 

which is due to the increase in the polarizability associated 

with the larger Ge atom. Larger atomic radius results in the 

larger polarizability and also increases in refractive index 

according to Lorentz- Lorentz relation given as [20] 

[
    

    
]
 

 
             (5) 

Where M, d and α are the molecular weight, density and 

electronic polarizability respectively. 

 

III. RESULTS AND DISCUSSION 

 

Optical Parameters of Thin Film 

The transmittance spectra of Ge10Se50Te40 thin films were 

appeared to be increased, while reflectance as a result was 

found to be decreased with the increase in Ge content. This 

means the expansion of Ge focus in the compositions leads 

to a diminishing of the deformities inside the chalcogenide 

materials. This shows that the film is transparent and does 

not bear much scattering loss. This also confirms the 

excellent surface quality and homogeneity. 

 

Figure1 shows the transmittance and reflectance curve with 

varying wavelength. From the figure it is clear that the 

transmittance is increasing with the wavelength while the 

reflectance is decreasing. It revealed that the film is 

transparent and does not bear much scattering loss. It all 
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confirms the excellent surface quality and homogeneity. The 

variation of transmission with wavelength for Ge10Se50Te40 

thin film is shown in the figure 1. 

 

 

Figure 1: Variation of Transmittance (T) and reflection (R)       

with wavelength (λ) for Ge10Se50Te40 thin films. 

Optical Absorption 

Figure 2 shows the variation of photon energy    with the 

energy axis      2
 which shows the increase of      2 

with 

the photon energy and favoring the glass forming ability. 

 

Extinction Coefficient 

In the figure 3 shows the variation of extinction with the 

wavelength which shows that it is decreasing with the 

increase wavelength. This helps in the formation of the 

glass. 
 

 

Figure 2: Dependency of (αhν)2 on photon energy (hν) for 
amorphousGexSe50Te50-x (x =10,20,30,40%) thin films. 

 

Figure 3: Variation of extinction coefficient with wavelength for 
GexSe50Te50-x (x = 10%, 20%, 30%, 40%). 

Energy Band Gap 

Energy band gap for the sample decreases from 1.274 eV to 

1.268 eV with increasing Ge contents. Figure 4 shows the 

variation of theoretical band gap with germanium. 

  

According to Kastner [21, 22] there is a correlation between 

electronegativity and energy gap. Se is electronegative 

because its electronegativity is high. With the addition of 

electropositive element like Ge energy of lone pair state 

increases and causes the broadening of valance band.  

 

In conclusion, the optical gap Eg for GexSe50Te50-x (x = 10%, 

20%, 30% and 40%) controlled by volume fraction and the 

optical gap Eg ascertained utilizing the trial information; 

prompt the guess that a changed virtual crystal approach for 

blended crystals is adequate for an amorphous framework. 

 

 

Figure 4: Variation of theoretical band gap with Ge at % for 
GexSe50Te50-x (x = 10%, 20%, 30%, 40%)  thin film. 
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Refractive Index 

The nonattendance of long-run arranges in these glasses 

permits the alteration of their optical properties to a 

particular mechanical application by consistently changing 

creation. The variation of refractive index for Ge10Se50Te40 

thin films as a function of energy (hν) is shown in figure 5. 

The refractive index is found to increase with increase in 

energy. 

 

Figure 5 Variation of refractive index with energy for GexSe50Te50-

x (x= 10%, 20%, 30%,40%) thin film. 

IV. CONCLUSION 

 

The impact of arrangement on the optical absorption 

behavior of GexSe50Te50-x (x = 10%, 20%, 30% and 40%) 

thin film has been researched. It has been discovered that the 

optical energy gap decreases with the change of Ge content. 

This is due to the decrease in the electro negativity of the 

system because optical band gap is bond sensitive property. 

Then again, the optical properties of amorphous Ge-Se-Te 

based have been investigated utilizing a generally basic and 

clear strategy using the transmission spectra. The point of 

the present work is to examine the impact of organization on 

the structure and optical parameters of present thin films 

using the optical transmittance and reflectance spectra. The 

optical absorption results showed that the allowed direct 

electronic transition is mainly responsible for the photon 

absorption inside the studied thin films.  
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