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ABSTRACT
The DC conductivity and dielectric properties of glassy Se100–xZnx 2 ≤ x ≤ 20 alloys have been investigated in the temperature range 303 - 487 K with frequency range 100 Hz – 1 MHz. It is observed that DC conductivity decreases and
the activation energy increases with Zn content in Se-Zn system. Dielectric dispersion is observed when Zn incorporated in Se-Zn glassy system. The results are explained on the basis of DC conduction mechanism and dipolar-type dielectric dispersion.
Keywords: Glass; DC Conductivity; Activation Energy; Dielectric Constant; Dielectric Loss; DC Conduction Loss

1. Introduction
Chalcogenide Se based is very important due to its current use as photoreceptors in TV Videocon pick-up tubes
[1], conventional xerographic machine and digital X-ray
imaging [2,3].These types glasses are belongs to a special group of amorphous semiconductors, which include
one, two, three and more chalcogenide elements S, Se,
Te from the VI group of the periodic table. From the
technical point of view’s Se based glassy alloy is important because of their potential applications. To defeat the
difficulties, confirm additives are used and mostly used
of Se-Zn Se-Sb, Se-Te, Se-Ge, Se-Si and Se-ln is the
great interest important properties such as greater hardness, higher sensitivity, higher conductivity and smaller
aging effects as compared to pure a-Se. The chalcogenide
glassy are useful semiconductors point of application in
optics, electronics and optoelectronics like as holography,
infrared lenses, ionic sensors, ultra fast optical sensors. It
has been focused on chalcogenide glasses of Se-Zn system [4,5] as the materials have been found importance
for their electrical, optical, dielectric and kinetics parameters Stable glasses which have good photosensitive
properties have been produced and can be n or p type. In
low field conduction, the mobility and free carrier concentration are considered to be constant with field. However, the application of high field to free carrier system
may affect both the mobility and the number of charge
carriers. These studies have been stimulated by the attractive possibilities of using the structural disorder in
amorphous semiconductors for the development of better,
cheaper and more reliable solid state devices [6,7]. SevCopyright © 2012 SciRes.

eral band models have been proposed to explain the electronic structure of these materials [8,9]. In the present
work, we have reported the electrical and dielectric
properties of glassy Se100–xZnx alloys.

2. Experimental
Preparation of Glassy Alloys
Glassy alloys of Se100–xZnx, (where 2 ≤ x ≤ 20) are prepared by melt quenching method. The highly pure materials (99.999%) having the desired compositional ratio of
elements (Se and Zn) are sealed in a quartz ampoules (of
length 7 cm and internal diameter ~8 mm) in a vacuum
of about ~10–5 Torr. The sealed ampoules are kept inside
a furnace where the temperature is raised to 850˚C at a
rate of 4˚C - 5˚C/min for 11 hours with frequent rocking
to ensure the homogenization of the melt. After rocking
the ampoules are removed from the furnace and are cooled
rapidly in ice-cool water to obtain the glassy nature. This
quenching is done in ice-cool water. The nature of glassy
alloys is verified by X-ray diffraction. The bulk samples
in the form of pellets of pellets (diameter 1.0 cm and
thickness 0.2 cm) are obtained by compressing the fine
powder of glassy alloys under a load of about 4.11 × 104
Pa using the hydraulic pressure. The DC conductivity
and dielectric measurements are maintained under a vacuum of 10–3 Torr. The temperature is measured by mounting a calibrated chromel alumel thermocouple near the
sample in a specially designed metallic sample holder.
The current is measured with a digital picoammeter (Model
DPA-111) by applied the dc voltage 1.5 Volts across the
pellet sample and resulting the temperature dependent
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DC conductivity is measured for the bulk samples of
Se100–xZnx. For the dielectric measurements the bulk
samples are mounted between two steel electrodes inside
a metallic sample holder. The three terminal measurements used to avoid any stray capacitance effect. All the
measurements have been made on the annealed samples
in vacuum of the order of 10–3 Torr over the entire temperature range (303 K - 487 K). A Wayne Kerr LCR meter
(Model-1J4300R) is used for capacitance (C) and dissipation factor (D) measurements. The temperature dependence of dielectric parameters are studied in a heating
run rate of 1 K/min. The parallel capacitance and dissipation factor are measured and then dielectric constant (   )
and dielectric loss (   ) are calculated simultaneously. We
preferred to experiment on the pellet rather than the bulk
as macroscopic effects (gas bubbles, etc.) may appear in
the bulk during preparation. It has been shown by Goyal
et al. [10], both theoretically and experimentally, that bulk
ingots and compressed pellets exhibit similar dielectric
behaviour in chalcogenide glasses for the suspected inhomogeneities in case of compressed pellets in these
materials. In this entire process the used pellets are to be
an uncoated.

3. Result and Discussions

ET AL.

angle. The crystallized is found to be increases with increasing the Zn concentration in the glassy system
Se100–xZnx and the values of crystallized size are given in
the Table 1.

3.2. Scanning Electron Microscope
Figure 2 Shows the Scanning electron micrographs of all
the samples and confirms the polycrystalline nature of
the synthesized materials. The numbers of nanocrysts are
increases with increase of Zn concentration in the complete system. It is clear from SEM micrograph at highest
20% Zn content that the nanocrysts are easy to see multi
structures with the thickness in the glassy alloys Se100–xZnx.

Figure 1. XRD diagrams for all the samples of Se100–xZnx.

3.1. Powder X-Ray Diffraction Analysis
X-ray diffraction patterns of all samples are recorded at
room temperature by using (A Panalytical (PW 3710) X-ray
powder diffractometer with Cu Kα radiation (λ = 1.5405
Å). All the samples were scanned in angular range of 5˚ 70˚ with scan speed of 0.01˚/s under the similar conditions. From XRD pattern it was clear that all the four
samples Se98Zn2, Se95Zn5, Se90Zn10 and Se80Zn20 are belongs to similar structure of polycrystalline in nature as
shown in Figure 1. The crystallize size is calculated using Scherer’s formula (D = kλ/βcosθB) of all the specimens in the Se-Zn system, where, D is thickness of crystallite, k is constant dependent on crystallite shape (0.89),
λ is X-ray wavelength (1.5405Å), β is FWHM (full width
at half max in radian) or integral breadth and θB is Bragg

Se95Zn5

Se98Zn2

Se90Zn10

Se80Zn20

Figure 2. SEM micrograph for all the samples of Se100–xZnx
glassy alloys.

Table 1. Electrical and dielectric parameters of Se100–xZnx alloys at (340 K).
Composition

DC (–1·cm–1)

E (eV)

0 (–1·cm–1)

Crystallize Size
(L) nm

Se98Zn2

4.33  10–9

0.27

3.52  10–5

Se95Zn5

2.22  10–9

0.19

Se90Zn10

3.29  10–10

Se80Zn20

3.69  10–11

Copyright © 2012 SciRes.

T = 487 K and f = 22 KHz

εDC



 

111.64

8.60

2.28

72.76  10–3

1.37  10–6

222.36

9.21

2.61

10.94  10–3

0.30

6.27  10–6

222.98

9.48

3.66

1.62  10–3

0.64

84.22  10–3

223.52

9.39

2.88

3.82  10–3
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The thickness of synthesis nanocrysts are found in the
range of (174 - 217 nm) in the system. The morphology
of SEM micrograph is agreement with the powder XRD
result because the numbers of clear sharp peaks are increases with increase of Zn concentration in the glassy
system.

3.3. The Temperature Dependence of DC
Conductivity
The temperature dependence of DC conductivity (DC) in
the bulk samples of Se100–xZnx 2 ≤ x ≤20 are measured.
The variation of temperature dependence DC conductivity (DC) is in the temperature range (315K - 450K) as in
the Figure 3. The plot of ln(DC) vs. 103/T represents a
straight line which shows that electrical conduction is
through thermally activated process with single activation
energy in these glasses [11,12]. The conductivity (DC),
activation energy (E) and the pre-exponentional factor
(0) are represented by well known relation in case of
amorphous semiconductors for all samples [8].
 E 

 kT 

 DC   0 exp  

(1)

where (E) is the activation energy for the DC conduction mechanism and “k” is the Boltzmann constant, “0”
is the pre-exponentional factor. The activation energy
(E) calculated from the slope of Figure 3 for each sample and the values are given in the Table 1, which also
contains the values of DC at 340 K. DC conductivity
(DC) are decreases with increases the composition and
the activation energy (E) are increases with increases
the composition for the glassy Se100–xZnx system as
shown in the Figure 4. The activation energy is found to
decrease slowly at 5% of zinc content and then increases
for high zinc concentration in the system. The decreasing
of activation energy can be attributed to shifting of Fermi
level [8]. The pre-exponentional factor (0) are increases
nonlinearly with the composition in the glassy system.

Figure 4. Conductivity (DC) and Activation energy (E)
versus Zn content for all the samples of Se100–xZnx.

The value of activation energy (E) and (0) pre-exponentional is give the information about conduction through
thermally assisted tunnelling of charge careers movement
in the band tails of localized states. The conduction takes
place either in the extended states above the mobility gap
and it can be understand on the basis of the pre-exponential factor. Mott [13] has been suggested that the preexponentional factor (0) for conduction mechanism in
the localized states should be two to three orders smaller
than for conduction in the extended states, and furthermore it would still become smaller for conduction in the
localized states near the Fermi level. If the conduction in
extended-state, the value 0, reported that for Se and
other Se alloys films are of the order 104 –1·cm–1 [14],
However, in the present case the value of 0 for Se-Zn and
other films are found to be less than 104 –1·cm–1. The
low value of 0 (10–6 - 10–3 –1·cm–1) shows that a wide
range of localized state in the glassy system. Therefore, the
possibility of localized conduction in the band tails most
likely present [15] in the system Se100–xZnx. The activation
energy increases with the corresponding DC conductivity
decreases due to Se-Zn has blend structure both in bulk
and in thin film form [15,16]. Selenium (Se) has about
40% atoms in a ring structure and 60% atoms are bonded
polymeric chains with the conduction of p-type by J.
Schottmiller [17]. However, the conductivity is decreases
with Zn concentration that mean increase the conduction
through the defect state associated with the impurity atoms [13].

3.4. Temperature and Frequency Dependent
Dielectric Constant (ε') and Dielectric Loss
(ε")

Figure 3. The plots of lnDC vs. 103/T in the temperature range
(315 K - 487 K) for all the samples of Se100–xZnx.
Copyright © 2012 SciRes.

The temperature dependence of the dielectric constant (   )
and the dielectric loss (   ) is studied for various frequencies (100 Hz - 1 MHz) of the glassy Se100–xZnx (2 ≤ x
≤ 20) alloys. The range of temperature is (303 - 487 K) in
OJINM
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the glassy system. The dielectric constant (   ) and the
dielectric loss (   ) for Se98Zn2 increases with the increasing the temperature and different for different frequencies as shown in Figure 5. The variation of the dielectric constant and the dielectric loss with temperature is
large at lower frequencies. The temperature dependence
of the dielectric constant (   ) at various frequencies for
the Se98Zn2 system indicates that the dispersion maybe
occur above 350 K. From the Figure 6 the peaks have
not been observed in the dielectric constant (   ) and dielectric loss (   ) vs. temperature curves for different fixed
frequencies. The dielectric loss increases with temperature
in the glassy system. The dielectric constant (   ) for Se-Zn
has a higher value as compared to a pure Se [18] and it
has lower value as compared to a pure a-Se-Te, a-SeTe-Ga [19,20] etc. These results indicate that the concentration of Zn plays an important role in the variation of
dielectric parameters with temperature and frequency.
This type of behavior has also been reported by various
workers in chalcogenide glasses [19,21,22].The same
type of graphs are observed in other samples of Se-Zn.
The Figures 7 and 8 shows the variation of dielectric
constant and dielectric loss with frequency at different fixed
temperature for Se98Zn2. It is observed that the dielectric
constant and the dielectric loss decrease with increase of
frequency. The dielectric constant and the dielectric loss

Figure 5. The plot of dielectric constant (ε') vs. Temperature at different frequency in the glassy Se98Zn2 alloy.

Figure 6. Dielectric loss (ε") vs. Temperature at different frequency in the glassy Se98Zn2 alloy.
Copyright © 2012 SciRes.
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Figure 7. The plots dielectric constant (ε') and (b) dielectric
loss (ε") vs. Log of frequency at different temperatures for
the glassy Se98Zn2 System.

Figure 8. The plots dielectric loss (ε") vs. log of frequency at
different temperatures for the Glassy Se98Zn2 System.

both increase with the increase of Zn concentration in
Se100–xZnx as shown in Figure 9. The numerical values of
dielectric constant and the dielectric loss are given in
Table 1. The higher value of the dielectric constant and
the dielectric loss are observed at 10% of Zn content. The
temperature dependence of the dielectric constant (   ) at
various frequencies for glassy Se100–xZnx alloys indicated
that the ln   versus 103/T plot is a straight line for all
the samples as shown in Figure 10. This type of temperature dependence is generally observed in molecular
solids where the Debye theory [23] for the viscosity dependence of relaxation time holds quite well. According to
this theory, the dielectric constant (   ) should increase
exponentially with temperature, and such a relationship
has been observed indeed for the present samples. The
above discussion indicates that dipolar type dielectric
dispersion is occurring in the present samples. However,
no peaks have been observed in the dielectric loss (   )
versus ln(f) curves in the present samples as expected in
the case of dipolar-type relaxation. Guintini et al. [24] have
proposed a dipolar model for dielectric dispersion in the
glassy system. This model is based on Elliott’s idea [25]
of hopping of charge carriers over a potential barrier between charged defect states D+ and D–. Each pair of sites
D+ and D– is understood to form a dipole, which has a
relaxation time depending on its activation energy [26,27],
OJINM
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Figure 9. The variation of dielectric constant and dielectric
loss with Zn concentration for Se98Zn2 system.

Figure 10. The plots of ln (ε") vs. 103/T at different temperature for all the samples of Se100–xZnx.

recognized to the existence of a potential barrier over
which the carriers hopping occurs [28].
According to the above Guintini et al. [24] has also
proposed a theory of dielectric loss (   ) at a particular
frequency in the temperature range of the chalcogenide
glasses where the dielectric dispersion occurs, leads to
the relation
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15

infinity. The dielectric loss in these glasses depends upon
the total number of localized states. The frequency dependent of dielectric loss   is shown in Figure 11 at
different temperatures for the glassy Se100–xZnx alloy.
From this figure, it is clear that   is also found to decrease with increasing frequency and It is increases with
increase the temperatures. The values of power (m) are
calculated from the slopes of these straight lines from
Figure 11. The values of m are negative and the magnitude of m decreases linearly with temperatures the figure is
not given here. The numerical value of power (m) and
energy required (Wm) are given in the Table 2 of the
glassy Se100–xZnx alloy. The values of required energy
(Wm) are increases with increase of temperature in the
glassy .This is consistent with theory [24] of dielectric
relaxation based on the hopping of charge carriers over a
potential barrier as suggested by Elliott [25] is applicable
in the case of the glassy Se100–xZnx alloy. Hence, the increase of the dielectric loss with the increase of zinc
concentration indicates that the density of defects states
decreases on addition of zinc in the Se-Zn binary system.
Schottmiller et al. [13] studied the effect of various elements (S, Te, Bi, As and Ge) on the structure of glassy
Se by infrared and Raman Spectroscopy. They reported
that in glassy Se about 40% of the atoms have a ring
structure and 60% of the atoms are bonded as polymeric
chains. The conducting additive in a dielectric may have a
very large effect on its electrical response. The presence of
additive might increase the concentration of charge carriers and there may be a shift of the Fermi level [29,30].
It is usually assumed that the addition of zinc to the SeZn system leads to a cross linking of the Se-Zn chains,
reducing the disorder in the system, which in turn may
decrease the density of defect states. It has been shown
by Goyal et al. [10] that spurious dielectric dispersion
may appear in chalcogenide glasses, if there is a poor

3

 ne 2 
m
4 m
 ( )    0     2π N 
(2)
 k T 0 Wm 
 0 
Here, m is a power of angular frequency and is negative in this case and is given by
2

 4kT 
m  
(3)

 Wm 
and where n is the number of electrons hop, N is the
concentration of localized sites,  0 and   are the
static and optical dielectric constants, respectively, Wm is
the energy required to move the electron from a site to
Copyright © 2012 SciRes.

Figure 11. The plots of ln(ε") with ln(ω) at different fixed
temperature for Se100–xZnx.
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Table 2. Temperature dependence of slope (m) and (Wm) required energy for glassy Se100–xZnx alloy.
Temp (K)

Se98Zn2

Se95Zn5

Se90Zn10

Se80Zn20

(m)

Wm (eV)

(m)

Wm (eV)

303

–0.51

0.25

–0.58

0.20

–0.67

0.16

–0.70

0.04

364

–0.49

0.27

–0.52

0.24

–0.66

0.19

–0.66

0.16

413

–0.47

0.29

–0.51

0.28

–0.65

0.22

–0.64

0.21

487

–0.42

0.32

–0.50

0.30

–0.58

0.27

–0.63

0.19

electric contact between sample and the electrodes. This
is likely to occur in uncoated samples. To ensure that the
measured capacitance and dissipation factor represent the
values of bulk samples with different thickness. Temperature and frequency dependence of capacitance and
dissipation factor have been measured simultaneously. It
is found that the values of capacitance and dissipation
factor are thickness dependent while the corresponding
dielectric constant and dielectric loss are thickness independent. These results indi- cate that the electrode polarization effect does not exist in the present case. The DC
 ) is also an important parameter to
conduction loss (  DC
understand the dielectric dispersion in chalcogenide
glasses. We have also calculated the DC conduction loss
 ) using the following formula [20,30,31].
(  DC
  DC 

  0 ( ) 

  
 DC

(4)

where DC is the DC conductivity. The calculated values
 ) are shown in the Taof the DC conduction losses (  DC
ble 1. The Figure 12 shows the variation of the observed
dielectric loss and the calculated DC conduction loss
with temperature at fixed frequency for Se100–xZnx. The
DC conduction losses are not dominated on observed
dielectric loss because of the DC conduction loss is much
smaller as compared to the observed dielectric loss. Hence,
the dielectric loss cannot be attributed to the DC conduction in entire temperature range. However, the dielectric
dispersion is due to the hopping of charge carriers over a
potential barrier between the charged defect states D+ and

(m)

Wm (eV)

(m)

Wm (eV)

D– for Se100–xZnx sample. Thus, these results indicate that
the observed dielectric dispersion is recognized mainly to
dipolar type dispersion in the present Se100–xZnx system.

4. Conclusions
On the basis of XRD and SEM micrograph picture the
crystallinity is increases, crystallize size and increases the
numbers of nanocryst with increases of Zn concentration
in Se-Zn glassy system. The DC conductivity (DC) is decreases and activation energy (E) are increases with increases Zn composition in the system. It may be due to
incorporation of Zn concentration which decreases the
defect states in the mobility gap as well as increase band
gap in Se100–xZnx (2 ≤ x ≤ 20) system. The conduction is
most likely in the localized state.
The dielectric dispersion is occurring as dipolar-type
in present glassy alloys. Dielectric constant and dielectric
loss increase with temperature and as well as increases
with increase of Zn content. The dielectric parameters
with Zinc can be understood in terms of decrease the
density of defect states on adding Zn content and increase the band gap in Se-Zn system. A detailed analysis
also suggested the possibility of dipolar type relaxation
in the glassy Se100–xZnx alloy, after the incorporation of
Zn. A possible explanation is given in terms of hopping
of charge carriers over a potential barrier between charged
defect states. The potential barrier is increases with the
concentration of zinc due to increases of activation energy in the system.
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