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ABSTRACT  

Nearly stoichiometric thin amorphous films of Ge15Se85-xInx system with x = 5, 7.5 10, 12.5 and
15, have been prepared at room temperature by thermal evaporation technique. The glass transition
temperature (Tg) and crystallization temperature (Tc) of the prepared glassy system were determined
using the differential scanning calorimeter at heating rate 15 K/min. The glass transition temperature
and crystallization temperatures both increase with increasing “In” content in Ge15Se85-xInx system. The
ease of the glass forming, glass thermal stability level and the glass-forming ability were also
calculated as a function of the “In” content. The optical properties of the as-deposited Ge15Se85-xInx

films have been study from the recorded transmission and reflection spectra in the wavelength range
400-2500 nm. The straightforward analysis proposed by Swanepoel has been successfully employed, and
it has allowed us to determine the thickness, and the refractive indices of the deposited films, whereas,
the optical absorption edge was described using the model of ‘non-direct transition’ proposed by Tauc.
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Introduction

Chalcogenide glasses (ChGs) are preferable materials for number of advanced optical applications
due to their wide VIS-IR transmittance, light sensitivity with many photoinduced phenomena and non-
linear optical properties (Ebothe, 2008). ChGs have been successfully used in waveguides and optical
fibers (Balan, 2001; Thakur, 2005) optical data storage media (Tani, 2001; Kolobov, 2003) solar cells
(Fadel, 2000) etc.

Chalcogenide glasses of the ternary Ge–In–Se system are well known as infrared transmitting
materials (Savage, 1985) which offer infrared transparency, high refractive index and low optical losses
permit their developments as infrared optical materials (Borissova, 1981; Swarup, 1990). In addition
Ge–In–Se system is of special interest in view of the fact that it forms glasses over wide domain of
compositions (Imran, 2000) up to about 15 at % In, 60–90 at % Se, the rest being germanium.
Various works (Singh, 2004; El-Sayed, 2004; Abou El-Hassan, 2001; Rabinal, 1995) have been reported
on the structural, electrical and optical properties of Ge–In–Se system. However, to the best of our
knowledge, little attention has been paid to study the effect of “In” substitution “Se” in the optical
properties of the ternary Ge15Se85-xInx systems in thin film form. 

The present work deals with the experimental observations on the effect of “In” substitution “Se”
in the optical properties of the ternary Ge15Se85-xInx system in thin film form (where x = 5, 7.5, 10,
12.5 and 15 at %). X-ray diffraction, transmission electron microscopy (TEM) and energy dispersive
X-ray spectrometer (EDX) were used to investigate the structure and microstructure properties of the
deposited films.  Data on the thermal stability of the prepared glassy materials will be firstly presented.

Experimental Techniques:

Glassy alloys of Ge15Se85-xInx (x = 5, 7.5, 10, 12.5 and 15 at %) were prepared by the well-
known melt-quenching technique. Materials of 99.999% purity were sealed in silica ampoules (length
.12 cm, internal diameter .0.8 cm) with a vacuum of about 10!4 Pa. 
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The sealed ampoules were kept inside an oscillatory furnace where the temperature was raised
slowly (10 Kmin!1) to 1100 K. The ampoules were rocked frequently several times at the maximum
temperature to make the melt homogeneous. Quenching was done in ice water. Thin films of the
glassy alloys were prepared by a vacuum evaporation technique using a standard coating unit. These
films were deposited at room temperature and at a base pressure of about 10!4 Pa, using molybdenum
boats. The thickness of the deposited films was controlled during evaporation process via quartz crystal
thickness monitor. The deposition rate was kept almost same for all the samples so that a comparison
of results could be made for various glassy samples.   

The amorphous behaviour of the prepared bulk materials in fine powder form as well as the
corresponding as-deposited thermally evaporated films have been confirmed by means of an X-ray
diffractometer (Type Philips X’pert) with Ni–filtered CuKα radiation operating at 35 kV and 100 mA.
Differential scanning colorimetry of the prepared fine powder was carried out using DTA apparatus
(Type Shimatzu DT 30). The chemical composition of the prepared bulk materials and the
corresponding deposited films was identified using an energy dispersive X-ray unit interfaced with
scanning electron microscope (Type JEOL-JSGM-T200). 

A double beam spectrophotometer, with automatic computer data acquisition (Type Jasco, V-570,
Rerll-00, UV–VIS–NIR) was employed at normal light incidence to record the optical transmission and
reflection spectra of the deposited films over the wavelength range 400-2500 nm. The measurements
were made at room temperature on various parts of the deposited films, scanning the entire sample,
and a very good reproducibility of the spectra was generally achieved.

Results and discussions

X-ray diffraction studies of as-prepared Ge15Se85-xInx samples (with x = 5, 7.5, 10, 12.5 and 15
at %) revealed the absence of any sharp peak that indicates the amorphous nature of these samples.
The phase transformations of the corresponding powdery samples have been observed through the
differential scanning calorimetry (DSC).

Fig. 1 shows the (DSC) of the prepared powdery Ge15Se85-xInx samples taken at constant rate of
heating (15 K/min). It can be seen from these figures that the endothermic peak due to the glass
transition Tg, is observed at temperatures ranging from 479 to 550 K. An increasing in the “In”
content reflects an increase of the glass transition temperature Tg. Above Tg, an exothermic peak
representing the peak crystallization temperature, Tp, is observed in the temperature range from 566 to
647 K, such a crystallization temperature is noted to increase with increasing “In” content (i.e. x
value). The latter is followed by an endothermic peak due to the melting temperature, Tm, in the
temperature range from 721 to 762 K. Fig.2 shows the variation of Tg, Tp and Tm with the “In”
content.

Fig.3 shows the plot of Tc-Tg against “In” content. It is clear from the Figure that the value of
Tc-Tg increases with the increase “In” content indicating that the stability of the prepared glassy
samples increases with the increasing “In” content. 

The ease of the glass forming can be determined by calculating the reduced glass transition
temperature, Tg.r = Tg /Tm (Kaur, 2000; Mehta, 2006). The values so obtained obey the “two-thirds
rule” which state that:  
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The values of the ratio of (Tg/Tm) for the investigated samples, are listed also in Table1.  It is
evident from the Table that the calculated values of Tr.g vary from 0.664 to 0.722 with increasing “In”
content indicating that the “two-thirds rule” holds fairy well in the Ge15Se85-xInx system.   
Another two important parameters usually used to evaluate the glass stability level. The first is the
glass thermal stability S, that suggested by Saad and Poulin (Saad, 1987) given by:
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where the difference (Tp - Tc) is related to the devitrification transformation of the glassy phases. The
calculated values of the thermal stability parameters for the investigated samples are listed in Table
1. 
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From the data reported in the Table, one find that the stability criteria of the powdery Ge15Se85-xInx

samples are clear, i.e. Tc-Tg and S increase with increasing “In” content, which indicates the
enhancement of the thermal stability of Ge15Se85-xInx with increasing “In” content (within the selected
values of x used in the present work). The second parameter is the glass-forming ability Hr, developed
by Hruby, (1972).
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Here the values of (Tc - Tg) delays the nucleation process and the small (Tm - Tc) retards the
growth process. The calculated values of Hr are given also in Table1. The calculated values of Hr

are found to increase with increasing “In” content. 
Fig.4 shows the X-ray diffraction patterns of the as-deposited Ge15Se85-xInx (x = 5, 7.5, 10, 12.5

and 15) thin films. The absence of any sharp peak in the observed diffraction patterns reveals the
amorphous nature of the as-deposited films. 

The chemical compositions of the constituent elements for the thermally evaporated Ge15Se85-xInx

films (where x = 5, 7.5, 10, 12.5 and 15) deposited onto glass substrates have been investigated by
means of an energy dispersive X-ray unit interfaced with scanning electron microscope. Fig. 5 a,b
shows the EDX spectra for two representative samples with x = 7.5 and 15, respectively. Table 2
gives the obtained results of the elemental chemical composition for different values of x. The obtained
data revealed an excess of Ge and/or In with deficiency in selenium. The deficiency in Se may be
due to its high vapour pressure. The slight deviation in stoichiometry for the deposited films is
comparable with the experimental errors and consequently the composition as-deposited films’ could be
considered nearly stoichiometric. 

3.2 Optical Properties  of As-deposited Ge15Se85-xInx Thin Films:

Fig.6 shows the transmission T (l) and reflection, R (l) of spectra of Ge15Se85-xInx (where x = 5,
7.5, 10, 12.5 and 15) thin films thin at normal light incident in the wavelength range 400–2500 nm.
The figure depicts that the interference effects disappear in the region of very strong absorption (<650
nm) while the maximum amplitude is observed in the transparent region (>650 nm), where the
envelope method can be applied more accurately to calculate the film thickness and refractive index
(Swanepoel, 1983). It should be also noted that for all the investigated samples in the transparent
region, almost R+T = 1, falls within the experimental error, indicating no scattering or absorption in
this region. These results have confirmed the homogeneity of the deposited films and uniformity of
the film thickness. The refractive index n and film thickness t have been calculated from the fringe
patterns using transmission spectrum according to the method proposed by Swanepoel (1983). However,
in the strong absorption region, the refractive index n can be estimated by extrapolating the
experimental values of n in the other region using the well-known two-term Cauchy dispersion relation
(Swanepoel, 1983). 

Fig.7 shows a comparative result for the variation of the refractive index, n with “In” content.
It can be seen that, the behaviour of refractive index for all of the investigated samples is similar,
which is due to the normal dispersion. The refractive index, n has a higher values at low wavelengths
spectral region < 650 nm (strong absorption region), thereafter, the refractive index was found to
decreases with increasing wavelength and becomes fairly flat above 1500 nm.  In addition, the effect
of increasing “In” content on the optical properties of the studied films reflects an increase in the
refractive index at any given value of l. 

Since the values of the refractive index are already known using the Cauchy dispersion equation,
the absorption coefficient, a (l) can be calculated. Details about the formulation and the algorithm used
for the calculation of the absorption coefficient can also be found in Ref. (Swanepoel, 1983). Fig. 8
illustrates the dependence of absorption coefficient on photon energy for the investigated samples. It
should be pointed out that the absorption coefficient increases as the “In” content increases. Analysis
of the strong absorption region (a >104 cm-1) has been carried out using the following well-known
quadratic equation, which is often called the Tauc law (Tauc, 1972):

 (4)1 2 1 2 .( ) ( )opt
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where B is a parameter that depends on the transition probability and Eg the optical energy gap. The

values of the optical band gap      for the as-deposited Ge15Se85-xInx (where x = 5, 7.5, 10, 12.5
.opt

gE

and 15) films have been derived by plotting (ahv)1/2 versus photon energy (hv), as shown in Fig.9.
It was found that the values of the optical band gap decreased from 1.96 to 1.52 eV with the
increase “In” content from 5 to 15 at %. Inset of Fig.9 shows the variation of the optical band gap
with “In” content.

Fig. 1: DSC of the prepared compositions.

Fig. 2: Variation of Tc, Tp and Tm vs. Indium Content.

Fig. 3: variation of Tc-Tg vs. “In” content.
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Fig. 4: X-ray diffraction of as-deposited Ge15Se85-xInx thin films.

Fig. 5a: EDX spectra of Ge15Se77.5In7.5. Inset show surface morphology of the deposited film.

Fig. 5b: EDX spectra of Ge15Se70In15. Inset show surface morphology of the deposited film.
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Fig. 6: Transmission and reflection spectra of as-deposited Ge15Se85-xInx thin films.

Fig. 7: Refractive index of as-deposited Ge15Se85-xInx films.

Fig. 8: Spectral variation of absorption coefficient vs. photon energy.
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Fig. 9: Plots of (ahn)1/2 vs. photon energy. Inset show the variation of Eg with “In” content

Table1: The values of Tg, Tc, Tp, Tm , Tc-Tg, S reduced glass transition Tr.g, and Hruby number Hr for the prepared Ge15Se85-

xInx powdery samples (x=5.0, 7.5, 10, 12.5 and 15).
(x) Tg (K) Tc(K) Tp(K) Tm(K) Tc-Tg(K) Trg=Tg/Tm S (K) Hr(K)
5.00 479 542 566 721 63 0.664 3.157 0.352
7.50 495 560 587 728 65 0.680 3.546 0.387
10.0 508 574 603 734 66 0.692 3.768 0.413
12.5 526 593 622 744 67 0.706 3.821 0.444
15.0 550 619 647 762 69 0.722 4.535 0.483

Table 2: Chemical composition of the constituent elements of as-deposited Ge15Se85-xInx thin films.
Element  Atomic  percent 

-----------------------------------------------------------------------------------------------------------------------------------------------
x =5 x = 7.5 x =10 x =12.5 x =15

Ge 15.79 16.13 15.38 15.57 16.01
In 05.19 06.92 10.27 71.86 68.92
Se 79.02 76.95 74.35 12.57 15.07
Total 100 100 100 100 100

Conclusion:

A thermal investigation of the chalcogenide glassy Ge15Se85-xInx system with x = 5, 7.5 10, 12.5
and 15 was carried out and thermal parameters like the glass transition temperature, crystallization
temperature, etc., were evaluated from DSC plots. The stability of the prepared glassy samples increases
with the increasing “In” content (within the investigated “In” range 5-15 at %.).  The optical properties
of the thermally evaporated Ge15Se85-xInx films with x = 5, 7.5 10, 12.5 and 15 have been calculated
in the wavelength range 400-250 nm. The refractive index of the investigated films was found to
increase with increasing “In” content. However, the analysis of the optical absorption coefficient reveals
a non-direct optical transition with a band gap value decrease from 1.93 to 1.71 eV with the increase
of “In” content from 5 at% to 15 at %.
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