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ABSTRACT

Amorphous InSbX; (X = Te or Se) thin films were obtained by thermal evaporation technique of
bulk material on to well cleaned glass substrates. The current-voltage characteristics have been measured
in the temperature range (303-393 K) and thickness range (230-490 nm). The obtained I-V curves revealed
two types of conduction. The first region is ohmic type in the lower field followed by non-ohmic type of
conduction in the high filed region. In the high-filed region, the field lowering coefficient 3 is evaluated,
and has been analyzed by the anomalous Poole-Frenkel effect. The temperature dependence of ohmic
current is that of thermally activated process. The variation of dielectric constant with temperature for the
two compounds has been studied.
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INTRODUCTION

In the recent years, investigations of thin film systems of metal-dielectric-metal type
led to the establishment of thin film microelectronics as a promising new branch of modern
electronics. Thin film microelectronics deals with processes taking place in thin metal,
dielectrics and semiconductor films as well as with the properties of the interface between
two phases. The knowledge of some physical properties of semiconductor films is necessary.
Chalcogenide films are new kind of materials with immense qualities of use in many
practical applications. These materials exhibit unique infrared transmission and electrical
properties, which makes them potentially useful for applications such as threshold and
memory switching'. Since a high — speed switching and the memory effect of an amorphous
semiconductor were reported™”, its properties have been studied very actively. There have
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been many discussions on the mechanism of high-speed switching and of electric conduction
in amorphous semiconductors.

The study of the pre-switching current-voltage characteristics is necessary to identify
the electrical conduction mechanism occurring in the off state of chalcogenide glass
switches. One possible conduction mechanism is the space charge limited current’, hopping
conduction’, small polaron conduction® and the Poole-Frenkel conduction’.

The system In,Se;-Sb,Se; is a semiconducting compound with very interesting
electrical and optical properties, which has not been sufficiently investigated®’. Few authors
studied the optical'® and electrical'""'* properties of InSbSes single crystal; however, little
attention is devoted to study the physical properties of InSbSe; thin films. In,Te;-Sb,Tes
system (Sb,_y, Ing Te; solid solution) belongs to the family of layered compounds having the
structure of space group. Physical properties of Sb, y, Iny Te; single crystal were described
in a number of papers'>'®; however, little attention is devoted to study the physical

properties of InSbTes thin films.

This paper aimed to investigate the voltage and temperature dependence of current in
amorphous InSbSe; and InSbTe; films produced by vacuum deposition to identify the
dominating conduction mechanism of charge transport.

EXPERIMENTAL

InSbSe; and InSbTe; compositions were prepared in bulk form by melting together
the stoichiometric amount of the constituent elements of each compositions of purity
99.999% using a specially designed oscillation furnace to insure the homogeneity of the
samples. The furnace temperature was raised at a rate of 50 K h™' to 1223 K for InSbSe;
composition' and to 1003 K for InSbTe; composition’. At this temperature the melt was
held for 2 days. Then the ampoules were cooled slowly at a rate of 1 K min™' and 3 K min™
for InSbSe; and InSbTe; compositions to room temperature. Thin films of the obtained
compositions were then prepared by thermal evaporation technique using a high vacuum
coating unit (Edwards type E306A), onto the well cleaned glass substrates of suitable
dimensions with the desired mask, and provided with Al electrodes in sandwich
configuration for [-V measurements. Thin films with different thicknesses (230-490 nm)
were deposited at constant rate under vacuum of L3 mPa (10~ torr). The substrate
temperature was held at room temperature ~ 300 K. The film thickness was measured by
Tolanskys interferometric method.

The X-ray diffractometer of the type Philips (PM 8203) was used to investigate the
structure of the obtained samples in bulk and thin film forms. The chemical composition of



Int. J. Chem. Sci.: 10(4), 2012 2275

the obtained samples in bulk and thin films was checked by energy dispersive x-ray analysis
(EDX) in the scanning electron microscope (JEOL 5400).

The current-voltage (I-V) characteristics were measured through the temperature
range 303-393 K using electrometer (Keithley type 616A) for the potential drop
measurements and a rnicrodigit multimeter (TE 924) for the current measurements. The
temperature of the sample was monitored using a chromel-alumel thermocouple.

RESULTS AND DISCUSSION

X-ray diffraction pattern obtained for the two systems under investigations the bulk
form has a polycrystalline nature, while their thin film form has an amorphous nature?'.

EDX analysis indicated that the compositions of the prepared materials under test in
powder and thin film forms are closed to the initial compositions with an experimental error
+ 2%,

I-V characteristics

Fig. 1 (a & b) shows the current-voltage (I-V) characteristics for InSbSe; and
InSbTe; films at different temperatures in the temperature range (303-393 K). It is observed
that the curves show two different regions; first the linear part for lower voltage, indicating
ohmic conduction due to the presence of thermally generated carriers (electrons and holes)
followed by non-linear part at higher voltage.
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Fig. I: (a) Current- voltage characteristics for InSbSe; film of thickness 250 nm at
various temperatures (b) Current- voltage characteristics for InSbTes film of thickness
230 nm at various temperatures.
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It was found that at higher temperature the linear regions, extend to higher values of
the applied filed. The ohmic region is believed to be controlled by electron hopping. Similar
results have been obtained previously for other amorphous semiconductor materials**~°. The
I-V characteristics exhibited an ohmic region at low applied voltage with low filed followed
by a transition to supra linear at higher field up to the breakdown voltage value.

In order to analyze the basis of this behavior, the effect of sample thickness and
electrode material such as gold and silver on the conductivity of the samples under
investigation was examined. Fig. 2 (a & b) shows the thickness dependence of current for
thin film samples of systems under investigations, which reveals that the current is
independent of film thickness at constant voltage through the studied range of thickness.
Thus, we can conclude that the current is independent of these factors, i.e., the conductivity
is independent of these factors. This suggests that space charge limited conduction and
Schottky emission do not specify the conduction mechanism and consequently, the field
dependence was a property of the bulk material.
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Fig. 2: (a) Thickness dependence of room temperature current for InSbSe; film of
different voltage. (b) Thickness dependence of room temperature current for InSbTe;
film of different voltage.

Fig. 3 (a & b) represents the plot of I (in logarithmic scale) against E'? for the data
of Fig. 1 (a & b) for two compositions. It is clear from this figure that there is a dependence
of type I oc E'? for both InSbSe; and InSbTe; films over at least two order of magnitude of
current. This field dependence of current indicates that the conduction mechanism may be
either the Schottky”, or Poole-Frenkel®’ type. The following evidence allows us to eliminate
Schottky conduction: (a) log IT should vary linearly with T~ at different fixed voltage.
This is not found to be the case in any of the two compounds under test, (b) The activation
energy for Schottky emission should generally be greater than 0.8 eV. In the present case, it
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is lower than this value. These results together with other features mentioned above, clearly
suggest that the conduction is a bulk effect. Moreover the different parameters estimated
from graphs found to lie in an acceptable range only if the Poole-Frenkel effect is assumed
to be operative.
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Fig. 3: (a) I (in logarithmic scale) vs EY? plots for the InSbSe; film at different
temperatures. (b) | (in logarithmic scale) vs E¥? plots for the InSbTe; film at different
temperatures.

According to Poole-Frenkel effect, the electric field interacts with the coulombic
potential barrier of a donor center or trap and the height of barrier is lowered. In the presence
of an electric filed, the electrons are thermally emitted from the randomly distributed traps to
the conduction band by the lowering of the coulombic potential barrier by the external
electric field. At higher fields in excess of 10 V/m for many dielectric films containing
shallow traps exhibits current density (J). Voltage characteristics is of the form is given by
the following equation®:

J= Jyexp (B E"*/KkT) ..(1)
Where J; is the low field current density, E the applied electric field, k the

Boltzmann constant, T the absolute temperature and B the Poole-Frenkel field lowering
coefficient which is given by:
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B=(c’/ansgy)'? ...(2)

Where a equal to 1 for Poole-Frenkel emission and equal to 4 for Schottky
emission®®,, is the electronic charge, € is the dielectric constant of the material and g, the
permittivity of the free space.

Now, Bpr can be calculated theoretically according to Eq. (2) (where the dielectric
constant a has been determined) and calculated experimentally from the slope of the linear
part in the non-ohmic region of Fig. 3 (a & b).

The experimental values of Bpr calculated from the slope of the graphs in Fig. 3 (a
& b) for the two systems under investigation are listed in Tables 1 and 2. Values of the
dielectric constant € can be calculated according to Eq. (2) and are also given in Tables |
and 2. The obtained value of Bpr at room temperature (303 K) is about 2.77 x 10~ eVm'?V'?
for InSbSe; films, but if using the estimated value of € = 8.8% the theoretical values of Brpr
calculated from Eq. (2) is 2.6 x 10 eV m"? V""" and the Schottky coefficient B, = 1/2 Bpg =
1.38 x 10 eVm"?V "2 Similarly, the experimental value of Bpr at room temperature (303 K)
is about 1.86 x 107> eVm"?V "2 for InSbTe; films, but if using the estimated value of € = 35
obtained from ac measurements (using a PM 6404 programmable automatic RCL meter
bridge) the theoretical value of Ppr is 1.65 x 10> eVm'?V "2 and the Schottky coefficient B,
=8.25 x 10° eVm"?V "2 These calculations suggested that the experimental values of Ppr
is in agreement with the Poole-Frankel mechanism rather that the Schottky mechanism.
However, this agreement between the experimental and theoretical values of Bpr can not be
taken for suggesting the conduction mechanism, which will be operated.

Table 1: Variation of B and € with temperature for InSbTe; film of thickness 230 nm

Element B [evm A7 € T (K)
1.86 x 10° 8.8% 303
1.93x 10° 8.8% 323
In-Te
1.96 x 10° 8.8% 343
2.15x 107 8.8% 363
1.65x 107 35 303
1.78 x 107 35 323
Sb-Te
1.83x 107 35 343

2.06x 107 35 363
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Table 2: Variation of B and € with temperature for InSbSe; film of thickness 250 nm

Element B [evm*2y1?] g T (K)
2.77x 107 8.8% 303
2.95x 107 8.8% 323
In-Se
3.06 x 107 8.8% 343
3.24x10° 8.8% 363
2.6x 107 8.8% 303
2.8x 107 8.8% 323
Sb-Se
2.95x 107 8.8% 343
3.08x 107 8.8% 363

It is clear also from Table 1 and 2 that the experimental values of Bpr for both
InSbSe; and InSbTe; films show an apparent dependence on temperature, which increases
with increasing temperature through the investigated range.

Various models are put forward to explain the anomalous values of B. The first one®
is based on the presence of shallow neutral traps at energy E; and a deep donor level at
energy Eg4, with the Fermi level lying centrally between them. E; and E4 were measured from
the bottom of the conduction band. The second model®' is based on donor composition and
the presence of acceptor; such that the relative densities of donor and acceptor sites control
the slope of log I versus E'? graph.

Hill” proposed that donors and traps co-exist and the density of ionized donor is only
a small fraction of the total density of ionized donor. If this is the case, then ionization of
donor by Poole-Frenkel emission can stimulate further ionization by other processes. The
initial ionized donor acts as a capture center for the electron released from the second donor,
giving rise to an effective mobile donor and anomalous values of f3.

The variation of I (in logarithmic scale) vs E'"* at room temperature (303 K) for both
InSbSe; and InSbTe; films are shown in Fig. 4. It is clear from this figure that for a constant
value of the applied voltage, a decrease in electrical conductivity for InSbSe; than for
InSbTe; films is observed. The presence of a high concentration of localized states in the
band structure is responsible for the larger value electrical conductivity the case of InSbTe;
films™.
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Fig. 4: 1 (in logarithmic scale) vs E*? plots for the InSbSe; and InSbTe; films of
thickness 250 and 230 nm, respectively at room temperature.

Using the values of Bpr (listed in Tables 1 and 2, the values of dielectric constant at
different temperatures were estimated according to Eq. (2) and are listed in the same Table.
It is observed that the values of € at any given temperature for InSbTe; films are higher than
those for InSbSe; films. This can be explained on the basis of chemical bonds present in the
32,33 M35 (see

Table 3). Accordingly, the bonding energy In—Se and Sb—Se are stronger than In-Te and

two system” " as well as the electro negativity of Se atoms is stronger than Te atom

Sb—Te bonds, respectively. So InSbTes can responsed to the electric field much easier than
InSbSC3.

Table 3:
Elements In-Te Sb-Te In-Se Sb-Se
Electronegativity 0.4 0.2 0.7 0.5

difference
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I-T characteristics

The temperature dependence of current was measured for several constantly applied
voltages, having in mind the importance of these characteristics for the proper choice of
charge transfer model. Fig. 5 (a & b) show the temperature dependence of the current for the
InSbSe; and InSbTe; films, respectively at different constant applied voltages in the
temperature range (303-393 K). It is clear from this figure that all obtained relations are
straight lines indicating that the conduction in these films takes place through an activated
process having a single activation energy in the considered temperature range.
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Fig. 5: (a) I (in logarithmic scale) vs 1000/T for InSbSe; film at different applied voltage (b)
I (in logarithmic scale) vs 1000/T for InSbTe; film at different applied voltage
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The activation energy AEc was calculated using the following relation:

IZI()CXp—AE()/Kt (3)

Where I is the current extrapolated to 1/T = 0. The slopes of the lines do not vary
appreciably with the applied voltage (see AEc values in Table 4). It was found that the
electrical conductivity of InSbTes is higher than that of InSbSes.*® This result is attributed
the nature of chemical bonding in the system being tested. Since the bonding energies of In-
Se and Sb-Se are stronger than In-Te and Sb—Te bonds®***. This is confirmed by the values
of electro negativity difference for elements given in Table 3. Larger the difference, the
more likely bond will form®’.

Table 4: Activation energy of InSbTe; film of thickness 230 nm and InSbSe; film of
thickness 250 nm at various applied bias

InSbTe; InSbTe;
Applied bias  Activation energy Applied bias Activation energy
(V) (AEo), eV (V) (AEo), eV
0.4 0.176 0.2 0.108
0.5 0.190 0.3 0.099
0.6 0.194 0.4 0.095
0.6 0.108

Poole-Frenkel mechanism and its modification

To determine, whether the Poole-Frenkel effect is the dominant mechanism in the
high field region, the data of Fig. 3 (a & b) were plotted in accordance with normal high
electric field theory to establish the Poole-Frenkel effect, if it dominant. Fig. 6 (a & b) shows
a plots of IE! (in logarithmic scale) vs E'? as required by the Poole-Frenkel equation®’. The
derived value of Bpr and € are listed in Table (18 : 2) for both systems. It is observed that
the field lowering coefficient Bpr increases with increasing temperature through the
investigated range.

Based on the Jonschers model’’, which takes account of the emission of electrons
from sites in one particular direction in space with respect to the applied field, the data
given in Fig. 2 (a & b) for both InSbSe; and InSbTe; films can be analyzed. Accordingly,
plots of IE"? (in logarithmic scale) vs E'? are showning Fig. 7 (a & b) for the two systems.
The obtained values of B and ¢ are listed in Tables 1 and 2. Fitting the room temperature
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data to the Jonschers model is an indication that a modified Poole-Frenkel process is
operating.
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Fig. 6: (a) IE™ (in logarithmic scale) vs EY2 plots for the InSbSe; film at different
temperatures (b) IE™ (in logarithmic scale) vs E2 plots for the InSbTes film at
different temperatures
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Fig. 7: (a) IEY2 (in logarithmic scale) vs EY? plots for the InSbSe; film at different

temperatures (b) IE¥ (in logarithmic scale) vs EY2 plots for the InSbTe; film at
different temperatures
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Fig. 8 (a & b) shows the IE"? (in logarithmic scale) vs E"? characteristics for
conduction model in which carrier motion are assumed to travel for a constant period of time
before being trapped. The deduced values of B and € are also given in Tables 1 and 2. From
these tables, it is noticed that a large change in 3 and € occurred with increasing temperature

for the two systems.
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Fig. 8: (a) IE™2 (in logarithmic scale) vs E*? plots for the InSbSe; film at different
temperatures (b) IE™2 (in logarithmic scale) vs EY? plots for the InSbTe; film at
different temperatures.

Both normal Poole-Frenkel and Jonscher models are capable to explain a change in
B and € for the tested systems with temperature in the investigated range as shown in Tables

1 and 2.
CONCLUSION

The electrical conduction in InSbX; (X = Te or Se) films has been analyzed. The [-V
characteristics of thermally evaporated InSbX; (X = Te or Se) amorphous thin films were
obtained in the temperature range (303-393 K) and thickness range (230-490 nm). The
characteristics exhibited a transition from an ohmic region at low applied voltage to a non-
linear region at higher voltage arises from lowering of the potential barriers by a high
electric field. The behavior of the non-ohmic region of the I-V characteristics can be
understood in terms of both simple and modified Poole-Frenkel mechanisms.

The dependence of ohmic current on the temperature corresponds to a thermally
activated process with single activation energy. The values of activation energy and the
dielectric constant for both InSbSe; than for InSbTe; films were investigated.
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