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Abstract

Cd5Se95–xZnx (x¼0, 2, 4, 6) glassy alloy has been prepared by a melt-quenching technique. Thin films were deposited by thermal coating unit
on ultraclean glass substrate under a vacuum of 10–6 Torr. The absence of any sharp peaks in the X-ray diffraction confirms the amorphous nature
of thin films. The frequency and temperature dependence of dielectric constant and dielectric loss in the frequency range of 1 kHz to 1 MHz and
in the temperature range of 290–370 K were studied. Dielectric dispersion was observed when Zinc (Zn) was incorporated into the Cd–Se system.
The increase in dielectric parameter with Zn concentration may be due to increase in defect states. The DC conductivity has been reported to
investigate the effect of Zn concentration on DC conduction loss. The results are interpreted in term of dipolar theory for Cd5Se95 and
Cd5Se93Zn2 samples, while the remaining samples have been explained on the basis of DC conduction loss. It was also observed that the DC
conductivity increased with the increase of Zinc concentration, which may be due to the decrease in the band gap near Fermi level.
& 2015 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The amorphous chalcogenide (II–VI group elements) semi-
conductors are known for their special photovoltaic, photo-
conductors and optoelectronic properties [1–3]. It has been
especially investigated because of their widely potential
application in solar cells, electronic devices, optical detectors,
sensors, narrow band filters, wave guide, coating, optical
recording, imaging media in both thin films as well as bulk
form [4–5]. Amorphous chalcogenide semiconductor has large
number of localized states in the mobility gap, due to the
absence of long range order. Therefore the measurement of the
frequency dependence of electrical and dielectric properties of
amorphous semiconductor has been extensively used to study
the transport mechanism. Dielectric materials have been the
subject of renewed attention. The study of dielectric behavior
of chalcogenide semiconductors is expected to reveal structural
/10.1016/j.pnsc.2015.05.008
15 The Authors. Published by Elsevier GmbH. This is an open ac
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information, which in effect can be useful for understanding
the dielectric losses as well. Alloying of chalcogenide with
certain additives [6–8] like Te, Zn, Cd, etc. has produced
characteristic effect on structural and transport properties. The
binary alloys ZnSe and CdSe are technologically important
materials due to their direct and rather large gap [9–10]. These
materials can be engineered for better application purpose by
varying the composition parameter (x). The addition of third
element not only enhances the properties but also change the
structural and compositional disorder as compare to binary
alloy. The ternary alloys exhibit more flexible and are able to
change their properties under the action of many external
factors as light, field, particles, heat, pressure etc. Various
authors have studied the structure and optical properties of
CdSeZn alloy with different compositions and methods
[11–14]. However the studies on dielectrics are very limited
and require more understanding. In the present work, Zn is
chosen as an additive because it improves the electrical, optical
and dielectric properties. The dielectric study of CdSeZn
reveals that dielectric dispersion exists at low frequency and
high temperature. In the present work, authors reported the
cess article under the CC BY-NC-ND license
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structural, dielectric and DC conductivity properties of the
bulk samples (pellets) Cd5Se95�xZnx (x=0, 2, 4, 6) in the
temp-
erature range of 290–370 K and in the frequency range of
1 kHz to 1 MHz.
2. Experimental

Cd5Se95�xZnx (x=0, 2, 4, 6) glassy alloys were prepared
by a melt-quenching technique. High purity (99.999%)
elements, in appropriate amount were sealed in quartz
ampoules (length �13 cm and inner diameter �8 mm) under
a high vacuum 10�6 Torr. All ampoules were heated in a
rocking furnace where the temperature was raised to 900 1C
at a rate of 3–4 1C for 12 h followed by sudden cooling in ice
cooled water. The cooling was too fast to prevent the
nucleation and growth. The duration of mixing and shaking
of ampoules in the furnace protect the homogeneity of the
alloy. The quenched samples were removed by breaking the
quartz ampoules. Thin films of these materials were prepared
by thermal coating unit under a vacuum of 10�6 Torr on
ultraclean glass substrate. Bulk samples in the form of pellets
with diameter of 10mm and thickness 1 mm were obtained by
finely grinding and compressing the powder by hydraulic
press at a constant load of 5 t. The surface of the pellets was
smoothen and coated with silver paste to obtained good
electrical contacts. The bulk samples were mounted between
two steel electrodes inside a metallic sample holder for
dielectric measurement under a vacuum of 10�3 Torr. To
calculate the dielectric constant (ε') and dielectric loss (ε''),
the parallel capacitance and dissipation factor were measured
simultaneously using LCZ (Wayne Kerr 4300 m). For DC
conductivity measurement, a DC voltage of 1.5 V was
applied across the sample and the resulting current was
measured by a Keithley electrometer (6514). The temperature
of the pellets was controlled by mounting a heater inside the
sample holder and the temperature was measured by a
calibrated chromel–alumel thermocouple near the electrodes.
Fig. 1. XRD diffraction pattern of thin film Cd5Se95�xZnx (x¼0, 2, 4,
6) alloy.
3. Result and discussion

3.1. Structure investigation

X-ray diffraction patterns give valuable information about
nature and structure of the samples. The copper target was used
as a source of X-rays with λ=1.54 Å (Cu Kα1). Scanning angle
was in the range of 5–801. A scan speed of 21/min and a chart
speed of 1 cm/min were maintained. X-ray diffraction pattern of
Cd5Se95�xZnx (x=0, 2, 4, 6) thin films are shown in Fig. 1.
Absence of any sharp peak confirms the amorphous nature of
thin films.
Surface morphology of the powder sample were analyzed by a

scanning electron micrograph (SEM) apparatus JEOL (Model
JSM 6380), which are shown in Fig. 2. SEM is a promising
technique for the topographic analysis, which gives important
information regarding the growth mechanism, shape and size of
the samples. It can be observed that the morphology of the
powdered form changes with Zinc content. The formation of
contours confirms the amorphous nature of the prepared samples.

4. Temperature and frequency dependent of dielectric
constant

Temperature and frequency dependence of dielectric constant
ε' and dielectric loss ε'' were studied for Cd5Se95�xZnx (x¼0, 2,
4, 6) glassy alloys in the temperature range of 290–370 K and in
the frequency range of 1 kHz to 1 MHz. The temperature
dependent dielectric constant ε' and dielectric loss ε'' for
Cd5Se95 are shown in Fig. 3(a) and (b). The values of ε' and
ε'' increase with the increase of temperature and are different for
different frequencies. At low temperature ε' and ε'' has been
found to be almost constant and increase appreciably with
increasing temperature. The increase in ε' with temperature may
be attributed to the fact that the orientational polarization is the
rotation of the dipoles in material, which involve the inelastic
movement of particle, which is strongly dependent on tempera-
ture. At low temperature the dipoles do not orient themselves, as
the temperature increased the orientational polarization
increased, which in turn increases the ε'.
Fig. 4(a) and (b) shows the frequency dependence of ε' and ε''

for Cd5Se95 at various fixed temperatures. With the increasing
frequency both ε' and ε'' decreased. The reason is that in the case
of low frequency ε' is due to muticomponent of polarizibility
(electronic, atomic, orientation, space charge and hopping
polarizibility) [15–17]. As the frequency increase there is
practically no time for building up the charges over microscopic
and mesoscopic boundaries so the polarization is less. When the
relaxation time is much higher than the frequency of the applied
electric field, the polarization occurs instantaneously. When the
relaxation time is much lower than the frequency of the applied
electric field, no polarization occurs.
Fig. 5(a) and (b) shows the variation of dielectric constant (ε')

and dielectric loss (ε'') with temperature at different frequencies
for Cd5Se93Zn2 alloy. Similar result has been observed for other
concentration of Zn (result not shown here). These results show
that concentration of Zinc play important role in the variation of



Fig. 2. SEM images of powdered form of (a) Cd5Se95 (b) Cd5Se93Zn2 (c) Cd5Se91Zn4 and (d) Cd5Se89Zn6samples.

Fig. 3. (a) Dielectric constant ε' and (b) dielectric loss ε'' versus temperature at various fixed frequencies for Cd5Se95 sample.
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dielectric parameters with temperature. Fig. 6(a) and (b) shows
the frequency dependence of dielectric constant ε' and dielectric
loss ε'' at different temperature for Cd5Se93Zn2.

The temperature dependence of dielectric constant ε' at
various frequencies for CdSeZn system indicates that ε' varies
exponentially with temperature. The graph between ln ε' versus
1/T is found to be a straight line (result not shown). This type of
temperature dependence is generally observed in molecular
solids where the Debye theory [18] for viscosity dependence
of relaxation time holds quite well. According to this theory, ε'



Fig. 4. (a) Dielectric constant ε' and (b) dielectric loss ε'' versus log f at various fixed temperature for Cd5Se95 sample.

Fig. 5. (a) Dielectric constant ε' and (b) dielectric loss ε'' versus temperature at various fixed frequencies for Cd5Se93Zn2 sample.

Fig. 6. (a) Dielectric constant ε' and (b) dielectric loss ε'' versus log f at various fixed temperature for Cd5Se93Zn2 sample.
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should increase exponentially with temperature, and this has
been found to be true in the present samples. The above
discussion indicates that the dipolar-type dielectric dispersion
has occurred in the present system. However, no peaks have
been observed in the curve of the dielectric loss ε'' versus log f
in the present samples as expected in the case of dipolar-type
relaxation. Such peaks may be absent because of the wide
distribution of relaxation times. Guintini et al. [19] proposed a
dipolar model for dielectric dispersion in chalcogenide semi-
conductor based on Elliott's ideas [20] of hopping of charge
carriers over a potential barrier between charged defect states
(Dþ and D�) which is assume to form a dipole. Fig. 7(a) and



Fig. 7. (a) Dielectric constant ε' and (b) dielectric loss ε'' versus temperature at a fixed frequency of 10 kHz for Cd5Se95�xZnx sample.

Table 1
Dielectric and electrical parameter in Cd5Se95�xZnx at a temperature of 350 K
and a frequency of 10 kHz.

Sample ε' ε'' σdc(Ω�1 cm�1) ΔE
(eV)

σ0(Ω�1 cm�1) ε'' (dc)

Cd5Se95 15.5 1.47 1.4�10�8 0.42 8.3�10�3 2.52
Cd5Se93Zn2 18.1 10.28 1.9�10�8 0.20 1.8�10�5 3.5
Cd5Se91Zn4 31.55 25.04 2.4�10�6 0.28 0.0492 587
Cd5Se89Zn6 33.33 28.43 2.7�10�4 0.11 0.0584 6.4�104

Fig. 8. ln σdc versus 1000/T for Cd5Se95�xZnx.
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(b) shows the variation of dielectric constant (ε') and dielectric
loss (ε'') with different concentration of Zn at fixed frequency
(10 kHz) with temperature. It is clear from the figure that both
values of (ε') and (ε'') increase with the increase of Zn
concentration. The numerical values are given in Table 1. These
results indicate that the concentration of Zn play important role
in the variation of dielectric parameters. As the concentration of
Zn increases the both values of (ε') and (ε'') increase. The
increase in the dielectric parameter with Zn concentration is
most likely due to the increase in defect states in the band gap
near the Fermi level, i.e., the hopping of charge carrier in defect
state increases. Schottmiller et al. [21] have reported that in
glassy Se, about 40% of atoms have ring like structure and 60%
are bounded as polymeric chains. When Zn is added in Cd–Se
system, it might decrease the Se ring structure and enter into the
chain concentration, there by decreasing the disorderliness of
Cd–Se–Zn samples. Furthermore the presence of chain concen-
tration in the Cd–Se–Zn system results in an increasing density
of defect states.

5. DC conductivity

The DC conductivity of amorphous semiconductor mostly
depend on density and mobility of charge carriers. The density
of carriers is small since all electrons are localized to their
respective atoms, like wise mobility is also small due to the
absence of long range order. Thus the conduction process in a-
semiconductor involves a temperature dependent DC conduc-
tivity, which can be expressed by a usual relation [22]:

ðσdcÞ ¼ σ0 exp � ΔE
kT

� �
ð1Þ

where ΔE, σ0, and k are the activation energy, pre-exponential
factor and Boltzmann constant respectively. Fig. 8 shows the
graph of ln σdc versus 1000/T in the temperature range of (300–
390 K) for all samples, which were found to be straight lines,
indicating that the conduction is due to thermally assisted
tunneling of charge carriers in the localized states present in the
band tails [23–25]. The calculated value of ΔE and σ0 are listed
in Table 1. The conducting additives in dielectric materials may
have a very large effect on its electrical response. The increase in
the DC conductivity with Zinc concentration is mainly due to the
increase in the density of localized state in the mobility gap. The
presence of additives might increase the concentration of the



Fig. 9. Variation of observed dielectric loss and calculated DC conduction loss for Cd5Se93Zn2 and Cd5Se91Zn4 at a fixed frequency of 10 kHz.
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charge carriers, the creation of new states takes place, which
affect the Fermi level. However it has also point out that the
increase in the conductivity could be caused by the increase in the
portion of hopping conduction through the defect states asso-
ciated with impurity atoms. This suggests that the present samples
have the semiconducting nature. Mott [25] has suggested that that
pre-exponential factor (σ0) for the conduction in extended states
is in the range of 103–104 Ω�1 cm�1, low value of σ0 indicates
that the conduction is most likely in localized state.

DC conduction loss is also an important parameter to
understand the dielectric dispersion in amorphous semicon-
ductor. The dielectric loss consists of two contributions, one
from the dielectric polarization processes and other from DC
conduction. To study the origin of dielectric loss, the DC
conduction loss was calculated using the relation [26,27].

ε″ dcð Þ ¼ σdc=ωε0 ð2Þ
σdc is the DC conductivity.

Table 1 shows the calculated values of DC conduction loss.
Fig. 9(a) and (b) shows the comparative study of DC conduction
loss and the observed loss at the fixed frequency of 10 kHz for
Cd5Se93Zn2 and Cd5Se91Zn4. This indicates that the DC
conduction loss is smaller than the observed loss. However as
the concentrations of Zn increases for x42, DC conduction loss
dominates, which is due to the increase in DC conductivity. The
conductive additives may have a very large effect on its
electrical response. Thus the dielectric dispersion is interpreted
in term of dipolar theory for Cd5Se95 and Cd5Se93Zn2 samples,
which is due to hopping of charge carrier over a potential barrier
between charge defect states, while the remaining samples have
explained on the basis of DC conduction loss.

6. Conclusions

XRD results confirmed the amorphous nature of thin films.
Temperature and frequency dependence of dielectric constant and
dielectric loss are studied in the Cd5Se95�xZnx glassy system.
Dielectric constant and dielectric loss both increases with Zinc
concentration which can be understood in term of increase in
defect state near Fermi level. DC conduction loss is found to be
much smaller than observed loss, however as Zinc concentration
increases (x42) ε'' (dc) dominate over the observed loss. The
increase in the DC conduction loss can be understood in terms of
an increase in DC conductivity. The increase in DC conductivity
with Zn concentration may due to increase in the density of
localized state or decrease in the band gap. Mott parameter shows
that the dominate conduction is in the localized states.
Acknowledgment

The authors are highly thankful to the University Grants
Commission (UGC), New Delhi (India) for providing the
financial support in the form of BSR scholarship.
References

[1] C. Nasr, S. Hotchandani, W.Y. Kim, P.V. Kamat, J. Phys. Chem. 101
(1997) 7480–7487.

[2] M. Zakria, et al., Prog. Nat. Sci.: Mater. Int. 22 (4) (2012) 281–287.
[3] S.O. Kasap, et al., Sensors 11 (2011) 5112–5157.
[4] L. Kumar, B. Singh, A. Misra, S. Misra, T. Sharma, Physica B 363

(2005) 102.
[5] K.R. Murali, P. Elango, P. Andavan, K. Venkatachalam, J. Mater. Sci.

Mater. Electon. 19 (2008) 289.
[6] Madhu Mishra, et al., Prog. Nat. Sci.: Mater. Int. 22 (4) (2012) 281–287.
[7] F.A. Al-Agel, et al., Prog. Nat. Sci.: Mater. Int. 23 (2) (2013) 139–144.
[8] M. Zakria, et al., Prog. Nat. Sci.: Mater. Int. 22 (4) (2012) 281–287.
[9] S. Cui, H. Hu, W. Feng, X. Chen, Z. Feng, J. Alloy. Compd. 472 (2009)

1–2.
[10] Mohammed Amer, et al., Mater. Sci. Appl. 3 (2012) 768–778.
[11] X.B. Zhang, S.K. Hark, J. Cryst. Growth 208 (2000) 231–236.
[12] S.H. Park, et al., Curr. Appl. Phys. 4 (2004) 607–610.
[13] M.M. Hafiz, et al., Opt. Laser Technol. 49 (2013) 188–195.
[14] K.A. Aly, N. Afify, A.M. Aboushly, Physica B 405 (2010) 1846–1851.
[15] N.A. Hegab, H.M. El-Mallah, Acta Phys. Pol. A 116 (2009) 1048.
[16] B. Tareev, in: Physics of Dielectric Materials, Mir Publishers, Moscow,

1975.
[17] A.M. Farid, H.E. Atyiaand, N.A. Hegab, Vacuum 80 (2005) 284.

http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref1
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref1
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref2
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref3
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref4
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref4
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref5
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref5
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref6
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref7
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref8
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref9
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref9
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref10
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref11
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref12
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref13
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref14
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref15
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref16
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref16
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref17


M. Ganaie, M. Zulfequar / Progress in Natural Science: Materials International 25 (2015) 222–228228
[18] P. Debye, in: Polar Molecule, The Chemical Cataloge Company, Inc.,
New York, 1929 (chapter 5).

[19] J.C. Guintini, J.V. Zanchetta, D. Jullen, R. Eholle, P. Hoenou., J. Non-
Cryst. Solids 45 (1981) 57.

[20] S.R. Elliott, Philos. Mag. 36 (1977) 1291.
[21] J. Schottmiller, M. Tabak, G. Lucovsky, A. Ward, J. Non-Cryst. Solids. 4

(1970) 80.
[22] N.F. Mott, E.A. Davis, Conduction in non-crystalline systems, Philos.

Mag. 22 (1970) 903.
[23] M. Kitao, K. Yoshii, S. Yamada, Phys. Status Solidi (a) 91 (1985) 271.
[24] A.B. Gadkariand, J.K. Zope, J. Non-Cryst. Solids 103 (1988) 295.
[25] N.F. Mott, Conduction in non-crystalline systems, Philos. Mag. 22 (1970) 7.
[26] M. Zulfequar, A. Kumar, J. Electrochem. Soc. 136 (1989) 1099.
[27] R. Arora, A. Kumar, J. Mater. Sci. Lett. 9 (1990) 348.

http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref18
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref18
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref19
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref19
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref20
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref21
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref21
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref22
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref22
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref23
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref24
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref25
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref26
http://refhub.elsevier.com/S1002-0071(15)00056-8/sbref27

	Effect of Zinc additive on dielectric properties of Cd–Se glassy system
	Introduction
	Experimental
	Result and discussion
	Structure investigation

	Temperature and frequency dependent of dielectric constant
	DC conductivity
	Conclusions
	Acknowledgment
	References




