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Abstract

In this study we have investigate the temperature dependent dc conductivity and
dielectric properties and of SeigoxTex alloy (x=4, 8, 12, 16). The frequency and
temperature dependence of dielectric constant " and dielectric loss " is studied in
the frequency range of 1 KHz-1 MHz, and in the temperature range 290-360K. The
dielectric constant &' and dielectric loss & show a decrease with increasing
frequency and an increase with increasing temperature. All sample show the
dielectric dispersion, due to the distribution of the relaxation time induced by
polarized species. The activation energy is also evaluated from Arrhenius plot of Dc
conductivity, which is due to the tunneling effect of trapped electron “hopping”
from one trap site to another.

Keywords dielectric constant, dielectric loss, Dc conduction loss, D¢ conductivity,
Activation energy

Introduction

Chalcogenide glasses are novel materials have attracted researcher because of
their potential use and extensive application in solid state devices, such as ultra high
density phase change storage and memory, photo voltaic, thermal imaging, switching
memory, photo detectors, photo receivers etc [1-7]. Low phonon energy makes these
glasses transparent to I-R region.

Se based alloy show high transparency in mid I-R region, non-linear properties
and also have a variety of photo-induced effect, which are useful for all- optical
switching [8-9].
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Eminent interest has been shown in a Se-Te alloy due to higher photo
sensitivity, greater hardness, higher crystallization temperature and small aging affects
as compared to pure a- Se.

The Dc conductivity of amorphous semiconductor has attracted great deal of
attention to understand the conduction process in these materials. Thus the study of
electrical behavior of these materials is extremely important. Dielectric materials have
been the subject of renewed attention. These materials application have been widely
employed in various industrial devices such as dynamic access memory, microwave
filters, and voltage controlled oscillator and tele-communication technologies [10-13].
The dielectric parameters are the crucial quantities in the design of devices. The study
of dielectric properties of chalcogenide glasses may be useful in the determination of
the structure and defect in solid, which infect can be useful for the determination of
conduction mechanism in these materials. The dielectric study of chalcogenide glasses
have revealed that dielectric dispersion does exist at low temperature. The dielectric
dispersion is characterized by the distribution of the relaxation time induced by
polarization species. In addition, the study of temperature and frequency dependence
of dielectric parameter in the range of low frequency where the dielectric dispersion
occurs can be important for the understanding losses happening in these materials.

In the present work, we have studied the temperature and frequency
dependence of dielectric constant and dielectric losses. The Dc conductivity has also
been measure to confirm the Dc conduction losses.

Experiment

Glassy alloys of Se,,Te, (x = 4, 8, 12, 16) have been prepared by melt-
quenching technique. High purities (99.99%) materials have been weighed according
to their atomic percentage and sealed in quartz ampoules (length 5 cm and internal
diameter 8 mm) under a vacuum 10° Torr. The sealed ampoules containing the
constituent materials have been heated up to 900 K at a rate of 4 K/min and held up
to 10 hours in the furnace. All the ampoules were frequently rocked while heating to
obtain homogeneous glassy alloys. The ampoules have been quenched in ice-cool
water to obtained glassy nature.

The quenched samples have been removed by breaking the quartz ampoules.
The amorphous nature of the film has been ascertained by X-ray diffraction.
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The obtained melt are grinded into powder form, to obtain homogeneous
alloy, which is then compressed into pellet (diameter ~ 10 mm) under a pressure of 5
tons. To obtain a good electrical contact pallet are coated on both side with silver
paste. The bulk sample is then mounted between two steel electrodes inside a metallic
sample holder for dielectric measurement. A vacuum of 10° Torr is maintained to
avoid any moisture effect. To measure the Dc conductivity of bulk sample, a dc
voltage of 1.5 V are applied across the sample and the resulting current measure by
Keithley electrometer (6514). To calculate the dielectric constant " and dielectric loss
" the parallel capacitance and dissipation factor are measured by using LCZ meter
(WAYNE KERR 4300).

Result and Discussion
Dc Conductivity

The conduction mechanisms in dielectric materials are crucial to explain the
application of dielectric. There are two types of conduction mechanism in dielectric
film electrode limited conduction mechanism and bulk-limited conduction
mechanism. Based on the bulk limited conduction mechanisms, some important
electrical properties in the dielectric materials can be extracted, including trap spacing,
trap energy level, trap density, electronic mobility, density of state (DOS) etc. The
Temperature dependent dc conductivity (o,4.) Of Se g, T€, IN the temperature range of
(290-360 K) has been measured. The plot of In (o4.) vs. 1000/T shown in figure 1,
represent a straight line which indicate that the conduction is through an activated
process with single activation energy [14-15] and hence, dc conductivity can be
represented by well known relation

(0ac) = o exp [~ ] (1)

Where, AE the activation energy k is the Boltzmann constant, o, is the pre
exponential factor.
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The calculated values of activation energy (4E) and pre-exponential factor

(0,) in the temperature range of (290-360K) are given in table 1, which suggest that
the conduction is due to thermally assisted tunneling of charge carriers in the localized
state present in the band tails.

Activation energy (4E) decreases with increases of Te concentration, this can
be attributed due to the shifting of the Fermi level. The value pre-exponential factor
0, as suggested by Mott [16] for the conduction in localized state should be about 10°,

The value of pre-exponential factor o, calculated for all composition suggest that
conduction mechanism is via localized state
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Fig 1: In (6 4.) vs. 1000/T for Amorphous alloy of Se,y,., Te,

Dielectric Properties

The temperature dependent of dielectric constant ¢" and dielectric loss & is

appreciable only in certain range of temperature. The real part of dielectric constant &’
determine the maximum energy that can be store in the material.
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The loss factor £ measure the absorption of electrical energy by the dielectric
materials that is subjected to an electromagnetic field. Furthermore, the dissipation

factorstan 6 = € /e' determine how a material cans absorb electromagnetic field [17-

19]. At low temperature both & and & are constant with temperature and increase
appreciable with increase of temperature.

The temperature dependence of dielectric constant &" and dielectric loss £” are
studied in the frequency range (1 KHz-1 MHz) and temperature range (290-360K).
Fig 2 shows that the dielectric constant £ and dielectric loss £” of SeyTe,, it increases
with increases of temperature and is different for different frequencies.
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Fig 2: Dielectric Constant &' and Dielectric loss €” Versus Temperature at
Fixed Frequency of Se,, Te, Sample
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Fig 3 shows frequency response of dielectric constant " and dielectric loss &”
of SeyTe, at fixed temperature. On increasing the frequency the dielectric constant
and dielectric loss decreases.
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The temperature and frequency dependence of dielectric constant & for
amorphous alloy Se . Te, (x=4, 8, 12, 16) at a fixed frequency (10 KHz) and fixed
temperature 340K respectively is shown in fig 4(a) and (b). These figs indicate that
dielectric constant & increases with increase of temperature, the increase being
different at different frequencies. When the temperature increases the orientational
polarization is fascinated and this increase the dielectric constant . At low frequency
dipole aligned themselves along the direction of the field and fully contributes to the
total polarization (electronic, ionic, orientation and interfacial polarizibility) [20].
When the frequency is increased the variation of the field becomes too rapid for the
molecular dipole to follow, so that their contribution to the polarization becomes less
and hence the dielectric constant & decreases.
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Fig 4: Temperature and Frequency Dependence of Dielectric Constant &’ for
Amorphous Alloy Se,,, Te, at fix Frequencyl0 KHz and Temperature 340K
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Similarly the temperature and frequency dependence of dielectric loss &” for
all composition at (10 KHz) and temperature 340K respectively is shown in fig 5(a)
and (b). It is clear from the fig that dielectric loss £” increases with temperature. The
dielectric loss consists of two contribution one from the dielectric polarization
processes, and other from Dc conduction [21]. Loss factor due to conduction
increases with increasing temperature.

720 4
4 —m—x=4 v
660 ~—® - x=8
600 -] A x=12
4 v x=16
540 |
1 v
480
420 =
£" 360 -
300
240 + v
180 | P
4 =
120 4 v
60 - ==
] a——2 A gy ——R— 8
a T T T ' T T ¥ T T T
290 300 310 320 330 340 350 360
T(K)
2100
\ —m—x=4
1800 | X —e—x=8
] ; x=12
1500 | v x=16
1200 -
£
900
600
v
300 -y
- Sy
[ —— & B o
0 = ——p-gp ¥
T ¥ T T T ¥ T
3 4 5 6 7
log f

Fig 5: Temperature and Frequency Dependence of Dielectric loss & for
Amorphous Alloy Se,,, Te, at Fix Frequency 10 KHz and Temperature 340K.

Composition dependence of dielectric constant ¢" and dielectric loss " at a
fixed frequency (10 KHz) and at a temperature (340 K) is shown in fig 6, from fig it is
clear that dielectric constant & and dielectric loss &” both increases with Te
concentration. This type of behavior has been shown by various researchers in
chalcogenide glasses [22-27].
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Fig 6: Dielectric Constant & and Dielectric loss € Versus Concentration of
Seyox 1€, at Fixed Frequency (10 KHz) and Temperature (340K)

So the concentration of Te play important role in increasing dielectric
constant & and dielectric loss €, this is due to the increase in defect states, these
values of dielectric constant &" and dielectric loss £ is shown in table 1. The Ing’ vs
1/T plot is found to be straight line in the entire sample, (result not shown) this type
of temperature dependence is generally observed in molecular solids where Debye
theory [28] for viscosity dependence of relaxation time hold good. This has found to
be true with our sample. The above discussion emphasis that dipolar type of
dispersion has been occurred in our sample. However no peak has observed in
dielectric loss verses log f curve as expected in case of dipolar —type of relaxation.

Guintini et al. [29] has proposed a dipolar model for dielectric dispersion in
amorphous semiconductor. This model is based on Elliot’s [30] idea of hopping of
charge carrier over a potential barrier between charge defect states D* and D", each
pair of D* and D is assumed to form a dipole with relaxation energy between which a
carrier must hop. According Guintini et al [29] at a particular frequency in the
temperature range where dielectric dispersion occurs is given by

&£'(0)=(ege®)2m N (ne?/eo) kTt Wy * ™ 2)
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Here, m is the power of angular frequency and is negative in this case which is
given by

m=-4 kT/W,, 3)

Where n is the number of electrons that hop, N is the concentration of
localized sites, ¢, and eoo are the static and optical dielectric constants, respectively,
W, is the energy required to move the electron from a site to infinity.

From (2) £ should obey the following relation ¢ = Bw™ Where B is constant
and m is angular frequency power. The plot of Ing "vs Inw should be a straight line and
the slope of these lines tells us the value of m, and should be negative which is shown
in Fig 7. The variation of m with temperature is shown in inset in the figure. The
calculated value of m and W, and is given in table 1 for all the sample, this indicated
that the paired defect states behave as a dipole. The present result is in good
agreement with the theory of hopping of charge carriers over a potential barrier as
suggested by Elliott [30] in the case of chalcogenide glasses.
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The Dc conduction loss is also an important parameter to understand the
dielectric dispersion in glasses. We have calculated DC conduction loss using
following relation [31-33].

" o
€ac= “ye,
4)

04c 1S the DC conductivity.

The calculated value of DC conduction loss is shown in table 1. It is clear
from the table that Dc conduction loss is dominated over observed loss, and DC
conduction loss increases with increases of Te concentration. Fig 8 show the variation
of observed dielectric loss and calculated Dc conduction loss for Seg,Te, with
temperature at fixed frequency Thus it is clear that the observed dielectric dispersion
is mainly due to the DC conduction losses in the present sample.

Table 1 Electrical and Dielectric Parameter in Se,,, Te, at T=340 K and f =10

KHz

Sample 040 (340K) g g &' ge AE 0o m
W, (eV)

SeqTe, 7.75%x107° 16.76 29.67 13.94x103 033 429
-0.27 1.36

Seq, Teg 1.12x10~* 22.56 27.53 20.15x103 032 457 -
056 0.65

SegeTey, 5.19x107* 48.29 106.2 93.38x103 0.29 8.24
-059 0.62

Seg Teys 2.71x1073 101.3 375 487.6x103 027 3.003 -

073 050
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Conclusion

Temperature and frequency dependence of dielectric constant and dielectric
loss are studied in Se,q,, Te, glassy system.

Dielectric dispersion is found to occur in these glasses, which is due to Dc
conduction losses, which dominate over other losses. The dielectric constant and
dielectric loss increases with increase of Te concentration, which may be due to the
increase in the defect state. The increase in the capacitance and hence the dielectric
constant is maximum toward the low frequency region. The influence of temperature
on Dc conductivity may be explained by increasing the mobility of charge carrier that
increases the conductivity. On increasing the concentration of Te, Dc conductivity
increases and activation energy decreases are due to increases in the density of defect
states or due to decrease of the disorder in the mobility edge.
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