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ABSTRACT: The dielectric properties viz. dielectric constant and dielectric loss were studied in the frequency range
(2-20kHz) and temperature range (313-349K) for Teis(SeigoxShy)ss (X= 1, 2, 4 at.%) amorphous semiconductors
prepared by melt quenching technique. The dielectric constant and dielectric loss were found to increase with
temperature and decrease with the increase in frequency. Dielectric loss data analysis shows that Guintini,s theory of
dielectric dispersion based on two electron hopping over a potential barrier is applicable in these samples.
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I. INTRODUCTION

Chalcogenide glasses are amorphous semiconductors exhibiting many useful electrical properties including threshold
and memory switching [1]. Se in pure form is useful in applications like switching, memory and xerography [2-3]. Pure
Se has disadvantages due to its low photosensitivity, low crystalline temperature and short life time. Addition of Te to
Se produces higher photo sensitivity, lesser aging effects, higher crystallization temperature and greater hardness [4-5].
Te addition initially resists crystallization but at higher contents the crystallization occurs. The properties of binary
alloys can be varied by adding a third element from group 5 of the periodic table so that the new materials are tailor
made for specific purposes. We have chosen Sb as it can change the dielectric properties appreciably. Recently there
has been a great thrust on the study of dielectric properties of amorphous chalcogenide glasses as these can lead to the
understanding of conduction mechanism. A study of temperature dependence of dielectric constant particularly in the
range of frequencies where dielectric dispersion occurs can be of great importance for the understanding of the nature
and the origin of losses occurring in these materials [6].

I1.LEXPERIMENTAL

Bulk multicomponent glassy materials Tes(Se1g0-XShx)gs (X = 1, 2, 4 at.%) have been prepared by the melt quenching

technique. Selenium, Tellurium and Antimony of high purity were weighed according to their atomic percentages and
were sealed in cleaned quartz ampoules at a vacuum of 10 Pa. The ampoules were kept in a vertical furnace and
heated to a temperature of 1073 K at a heating rate of 3-4 K/min. The ampoules were heated at this temperature for 12
hours. During heating the ampoules were frequently rocked to make the melt homogenous. The quenching was done in
ice cold water. The ingots of glassy materials were obtained after breaking the ampoules. The ingots were grinded to
get the powder of the materials. The amorphous nature was confirmed as no sharp peak was observed in their x-ray
diffraction spectra. The pellets were made from the powder by applying a load of 5 tons. Impedance Analyzer (Wayne
Kerr 6500B) was used for dielectric properties measurements. The dielectric properties of the pellets were measured in
the frequency range 2 kHz to 20 kHz and temperature range (313-349) K.
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I1l. RESULTS AND DISCUSSION

1. Frequency Dependence of Dielectric Constant:
The complex dielectric constant of a material is represented by two terms

E=¢g+¢, (1)

where &, is real part (dielectric constant) and &, the imaginary part (dielectric loss).The dielectric constant ( &;) versus

frequency In(w) graph for x=1, 2, 4 at.% composition is shown in fig.1. The dielectric constant decreases with
frequency for all compositions because when the applied field frequency is increased the dipoles will no longer be able
to rotate sufficiently rapidly, so that their oscillations begin to lag behind those of the applied
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Fig.1 Frequency dependence of dielectric constant for x=1, 2, 4 at. %.

field. Larger values of dielectric constant are observed for increased Sb content. This behavior can be explained on the
basis of electrode polarization effects [7-9]. Further, with increase in Sh content the weak Sb-Se bonds increases where
as the strong Se-Se bonds decreases. The weak bonds being more responsive to the electric field increases the dielectric
constant with increase in Sb content.
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2. Temperature Dependence of Dielectric Constant:
The dielectric constant has been found to increase with temperature for all compaositions, shown for x=4 at. % in fig .2.
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Fig.2 Temperature dependence of dielectric constant for x=4 at. %.

This increase is due to the fact that the dipoles in the polar material cannot orient themselves at low temperatures,
however, when the temperature is increased the orientation of the dipoles is increased and hence increases the value of
orientational polarizability and hence the dielectric constant [10].

3. Temperature Dependence of Dielectric Loss:

The dielectric loss increases with temperature for all compositions, shown for x=4 at. % in fig.3.

The loss is due to motion of ions over large distance. As the ions move they give their energy to lattice as heat which is
proportional to ac conductivity. So, as temperature increases the ac conductivity increase and hence the dielectric loss.
At low temperature the conduction, dipole and vibration losses have minimum value whereas at high temperature all
these factors contribute to dielectric loss.
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Fig.3 Temperature dependence of dielectric loss for x=4 at. %.
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4. Frequency Dependence of Dielectric Loss:

Fig.4 shows that the dielectric loss ( £, ) decreases with frequency. The &, obeys a power law with angular frequency

(@) for all compositionsi.e. &, = Bw™ . This behavior for x=1 sample is confirmed by the straight line graph, fig. 5,

between IN(&,) and In(w).
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Fig.4 Frequency dependence of dielectric loss for x=1, 2, 4 at. %.
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Similar pattern is observed for other compositions. The power m calculated from the slope of this graph is negative for
all compositions. Guintini [11] have proposed a model to dielectric relaxation in chalcogenide glasses based on Elliot’s
[12] idea of hopping of charge carrier over the potential barrier between the charged defect states.
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Fig.5 IN(£,) vs In(w) plot for x=1 at. %.
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According to this model the &, at a particular frequency and the temperature range in which the dielectric dispersion
occurs is given by

2 3
&,(0) = (g, —&,)22°N ne. KT oW, 0" @)
&
where
4k, T
m=-— @3)
WM

here, n is the number of electrons that hop, N is the concentration of localized sites , &,and &, are the static and

optical dielectric constant respectively. W), is the energy required to move the electron from a site to infinity. Thus a

increase in frequency decreases the dielectric loss. Further, the decrease in dielectric loss with frequency may be due to
migration of ions at low frequencies.

IV. CONCLUSION

The dielectric constant and dielectric loss are found to increase with temperature and decrease with frequency for all
compositions. Further, these dielectric properties increase with increase in Sb content in Se-Te glassy alloys.
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