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III–VI compound semiconductors receive great attention due to its applications in memory devices,
switching devices, gas sensors, hybrid solar cells, etc. InTe thin films were prepared by sequential ther-
mal evaporation of In and Te at Ar atmosphere. X-ray diffraction pattern of the films shows that the
films posses mixed phase of In2Te3 and In2Te5. Grain size (D) and dislocation density were calculated
by using Scherer’s formula. Surface morphology of the film is analyzed by SEM and the surface is found
to be agglomeration of well defined grains. EDS analysis reveals that elemental composition is in right
nTe bilayer thin film
hermal evaporation
ielectric properties
C conduction

stoichiometry. The value of capacitance and tan ı was recorded with respect to different frequencies and
at different temperatures. It is observed that the capacitance decreases with increase in frequency at all
temperatures. The observed nature of the capacitance is due to the inability of the dipoles to orient in a
rapidly varying electric field. The pronounced increase in capacitance toward the low frequency region
may be attributed to the blocking of charge carriers at the electrodes which leads to space charge layer
resulting in the increase of capacitance. The mechanism responsible for AC conduction is found to be

nd TC
electronic hopping. TCC a

. Introduction

III–VI semiconducting compounds are receiving great tech-
ological interest because of their interesting electrical and
ptical properties [1–5]. Among these compounds, indium telluride
In2Te3) is a well known semiconductor for radiation detector,
witching and photovoltaics [6–9]. Indium telluride is a direct band
ap semiconductor with the band gap energy of 1.1 eV. In2Te3
osses two structural modifications namely � and �. Both the
tructural modifications having one-third or two-third of indium
ub-lattices remain vacant. This kind of neutral impurities plays a
ajor role in describing the structural, optical and electrical con-

uctivity of the film. Many workers investigated the structural,
ptical and electrical properties of bulk In2Te3 [10–13]. Conduc-
ion mechanism in amorphous In2Te3 thin films has been reported
y Hegab and Bekheet [14]. Growth and electrical transport prop-

rties of InTe thin film have been reported by Mathur et al. [15], but
o work has been carried out on electrical characterization of In/Te
ilayer thin film prepared by sequential thermal evaporation. In the
resent work, an attempt has been made to prepare In2Te3 thin film
rom In/Te bilayer by sequential thermal evaporation and to inves-
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P values were calculated and the results are discussed.
© 2010 Elsevier B.V. All rights reserved.

tigate their structural, dielectric and AC conduction properties at
various temperatures.

2. Experimental details

In2Te3 bilayer thin films were prepared on to well cleaned glass
substrates by sequential thermal evaporation of In and Te using 5N
pure powder materials (Sigma–Aldrich Chemicals, US) under a base
pressure of 1 × 10−5 mbar in Ar atmosphere. The thickness of both
layers In and Te was chosen in order to get effective mixing with
atomic proportions. In order to compensate the re-evaporation of
chalcogenide during annealing, we have taken the thickness ratio
of Te/In was slightly higher than 3/2 to form In2Te3. The thickness of
the films was monitored and controlled by Quartz Crystal thickness
monitor. Bottom and top electrode is used to sandwich the InTe thin
film with Al as the electrode material. Al/InTe sandwich thin film
system was annealed at 300 ◦C in Ar atmosphere for half an hour
in order to form InTe. Complete system of Al/InTe/Al is prepared
by thermal evaporation technique with individual elements. Tem-
perature was measured by chromel–alumel thermocouple. X-ray
diffraction studies were carried out using PANalytical instrument
with CuK� radiation in order to get structural information. Surface

morphology and elemental composition of the films were analyzed
by scanning electron microscopy and energy dispersive X-ray spec-
troscopy, respectively. With the help of digital LCR meter (LCR-819,
GW Instek, Good will Instrument Ltd., Taiwan), measurements of
series capacitance and the dissipation factor for different frequen-

http://www.sciencedirect.com/science/journal/09215107
http://www.elsevier.com/locate/mseb
mailto:rsathya59@gmail.com
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Table 1
Structural parameters of InTe thin film.

2) Dislocation density (×1018) Crystalline size (nm)

1.91551 72.2
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Fig. 2. SEM image of InTe thin film.

Table 2
Elemental composition of InTe film.
Film thickness ( ´̊A) FWHM Strain (×10−2 dyn/cm

4000 0.20468 5.01397

ies were carried out at various temperatures (291–448 K) under
acuum of 10−3 mbar. All the experiments were repeated three
imes in order to check the reproducibility and the error bar was
bout ±2%. The dielectric constant (ε′) was evaluated from the
bserved capacitance data. The parallel equivalent conductance
Gp = ωCp tan ı) was calculated at different temperatures.

. Results and discussion

.1. Structural properties

Fig. 1 represents the XRD spectra of indium telluride thin film of

ypical thickness 4000 ´̊A. From Fig. 1, it is observed that the struc-
ure of the film contains the mixed phase of In2Te3 and In2Te5
JCPDS 16-0445 & 71-0109). In2Te3 phase of the film exhibits with
he preferential orientation along (5 1 1), (6 6 0) and (7 7 1) plane at
� equal to 23◦, 40.3◦ and 49◦, respectively, whereas In2Te5 phase
xhibits with the preferential orientation along (4 4 0) plane and
6 2 2) plane at 2� equal to 27◦ and 33◦, respectively. From Fig. 1, it
s inferred that the films contain mixed phase of In2Te3 and In2Te5;

hereas In2Te5 phase is dominant when it is compared with In2Te3
hase. The electronegativity difference between the metal and the
halcogene is quite small, since the electronegativity of tellurium
nd indium is 2.1 and 1.7, respectively. This small electronegativ-
ty difference induces a poor stability of such compounds, whose
omposition that depends strongly on preparation condition and
nnealing temperature. The grain size (D) of the dominant phase
as calculated by using Scherer’s formula and it is given in Table 1.

Fig. 2 represents the SEM image of InTe thin film. The SEM
mages clearly denote that the film have homogeneous surface

ithout any pinhole. The grains tend to agglomerate with nearer
rains to form bigger grains, which supports the XRD result [16].
pherical geometry of the grains was vanished due to agglomer-

tion of grains, thereby reducing grain boundaries. Table 2 shows
he elemental composition of the InTe thin film. It is observed that
xcess in tellurium content implies that the possibility of existence
f In2Te5 phase along with In2Te3 phase [1]. This also supports the
RD results.

Fig. 1. XRD spectra of InTe thin film.
Film thickness ( ´̊A) Element Atomic %

4000 In 34
Te 66

3.2. Dielectric properties

The variation of capacitance with frequency in the frequency
range 100 Hz to 60 kHz for different temperatures is shown in
Fig. 3. The capacitance decreases with increase in frequency. It
may be due to the screening of the electric field across the film

by charge redistribution [17–19]. At low frequencies, the charges
on neutral impurity defects are more readily redistributed, such
that defects closer to the positive side of the applied field become
negatively charged while the defects closer to the negative side of

Fig. 3. Variation of Cs with log frequency.
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Fig. 6. Variation of capacitance with temperature.
Fig. 4. Variation of ε′ with log frequency.

he field become positively charged. As the frequency is increased,
he capacitance decreases to the same limit, as the charges on the
efects no longer have time to rearrange in response to the applied
oltage. At higher temperature, the screening is more effective,
ecause of the increase in thermal activation of charges as observed
20].

Fig. 4 presents the dependence of dielectric constant (ε′) with
requency. The dielectric constant also decreases with increase in
requency at all temperatures exhibiting a similar trend as that
f the capacitance. These curves closely resemble those predicted
y the Debye relaxation model for orientational polarization [21].
ig. 5 shows the typical variation of tan ı with frequency at vari-
us temperatures. The loss factor is found to increase with increase
n frequency, whereas it decreases with increase in temperature,

hich may be due to the effect of lead resistances.
Temperature dependence of the capacitance (TCC) and tempera-

ure dependence of permittivity for different frequencies have been
hown in Figs. 6 and 7, respectively. The capacitance was found to
ncrease with increasing temperature. The temperature co-efficient
f capacitance (TCC) and permittivity (TCP) have been evaluated

sing the expressions:

CC =
(

1
Cs

)
×

(
dC

dT

)
(1)

ig. 5. Variation of dielectric loss with log frequency at different temperatures.
Fig. 7. Variation of ε′ with temperature.

TCP =
(

1
ε′

)
×

(
dε′

dT

)
(2)

Table 3 summarizes the estimated values of TCC and TCP for
different frequencies. It is found that the TCC values increase with
frequency and TCP values decrease with increase in frequency. This
effect may be attributed to the electron hopping between the pair
of centres under the action of alternating current field which is
equivalent to the reorientation of the dipoles. Hence the variation
of TCP and TCC is attributed to the presence of dipoles [22,23].
3.3. AC conduction properties

The AC conductance (Gp) was calculated at different temper-
atures from the measured values of capacitance and loss factor.

Table 3
Frequency dependence of TCC and TCP.

S. No. Frequency (Hz) TCC (ppm/K × 10−4) TCP (ppm/K)

1 500 5.33 1.51996
2 1000 1666.63 0.951998
3 2000 4166.70 0.666670
4 3000 5553.00 0.606078
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Fig. 8. Dependence of AC conductance with frequency.

he plot of AC conductance versus frequency for different temper-
tures is shown in Fig. 8. The AC conductance has been found to
ary according to the relation Gp˛fn, where the value of n depends
n the temperature and frequency. The curves exhibit two dis-
ersion regions one below 10 kHz and the other above 10 kHz. At
oom temperature, n values range from 0.7 to 0.9. In the second
egion (>10 kHz), nearly all the curves approximate to a square law
ependence on frequency and show less dependence at higher fre-
uencies. AC conductivity increases with frequency as long as the
requency of the field is lower than the charge carrier jump in the
olid [24].

The strong frequency dependence at high frequencies suggests
he electronic hopping mechanism for the conduction. A similar
ehavior has been observed by various investigators on insulat-

ng dielectric thin films [25–27]. In the first region (<10 kHz), the
lopes of the curves are less than two and are found to be tem-
erature sensitive. When the temperature increases, the value of n
ecreases. Jonscher [28] accounted for this behavior on the basis of

asy and difficult hopes of the carriers between the possible sites.
he contributions to conductivity from the carrier movement (car-
ier movement between and within the defect wells) at different
emperatures are different, thereby resulting in the decrease of n

Fig. 9. Variation of AC conductance with temperatures.

[

[

[
[
[
[

[

[

[

[
[

[
[
[

[
[
[
[

[
[

[
[

d Engineering B 174 (2010) 269–272

with increase of temperature. This phenomenon suggests that the
mechanism responsible for AC conduction is electronic hopping
[28,29].

Fig. 9 exhibits the temperature dependence of AC conductance
and the estimated activation energy is 0.07326 eV. The observed
low value of activation energy suggests that the conduction mecha-
nism in these films may be due to the hopping of electrons, which is
in accordance with earlier investigations on other semiconducting
films [30,31].

4. Conclusion

Indium telluride thin film system was prepared on cleaned glass
substrate by sequential thermal evaporation and post-deposition
annealing at 300 ◦C in Ar atmosphere for half an hour. Structural
analysis shows that the film contains the mixed phase of In2Te3
and In2Te5. The capacitance and loss factor are dependent on both
temperature and frequency. The dielectric constant (ε′), tempera-
ture co-efficient of capacitance (TCC) and temperature co-efficient
of permittivity (TCP) were estimated. The process of AC conduc-
tion has been explained on the basis of hopping mechanism. The
mechanism responsible for AC conduction is electronic hopping.
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