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Abstract

D.c. 6(0) and a.c conductivity o(w) and dielectric parameter (€ and tand) of SegoTe30Ge10 glassy
thin films which were prepared by thermal evaporation were investigated. Measurements of a.c.
conductivity over frequency range (100Hz-100kHz) and temperature range (303-363K) showed
that the a.c. conductivity follows the empirical formula o (W)=Aw’, where (s) lies between
(1.03-0.60).In the glasses of SegoTesoGeso thin films the d.c. conductivity along localized states
prevails. A.c conductivity is explained by hopping mechanism of charge transfer between two

defect centers.

Introduction

For many vyears, it was believed that the
physical properties of Chalcogenide glasses
can not be modified by foreign atoms. Doping
could not be achieved with conventional
impurities. Recently however, P to n transition
has been reported [1-4] in binary Ge-Se
chalcogenide alloy, when a third element is
introduced in this alloy.

The common feature of these glasses is the
presence of localized states in the mobility
gap. This is due to the presence of short range
order as well as various inherent defects. In
Chalcogenide glasses, it is assumed that the
localized states in the mobility gap are the
charge defects D* and D™ with negative
effective correlation energy [5]. Selenium
based Chalcogenides have attracted much
attention due to their device applications such
as rectifiers, photocells, xerography, switching
and memory devices[6].

Chalcogenide glasses are vitreous materials
having one or more of the Chalcogenide
elements (group VI):Sulfur(S), Selenium(Se),
and Tellurium(Te). The addition of the
network formers (group IV and V) such as
silicon(Si), germanium(Ge), tin(Sn),
phosphorus(P), arsenic(As), and antimony(Sb)
establishes  cross-linking ~ between  the
tetrahedral and pyramidal units which facilities
stable glass formation[7]. Depending on the
composition the Chalcogenide glasses are
stable against  crystallization and are
chemically inert. They are excellent thermal
stability, and are relatively easy to fabricate.
Optical properties for GejpSegoxTex (X=0, 30)
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thin films are calculated by Sharma et al.[8]
who found that the optical band gap is a bond
sensitive property so the decrease in average
bond energy of the system leads to decrease in
the optical band gap. The glass transition
temperatures for Ge-Se-Te glasses depend on
both heating rate_ and composition [9].

We shall focus in this paper to the study of
the electrical as well as dielectrical properties
of Ge-Se-Te pure glasses.

Experimental

Alloy of SegTesGeip glass alloy was
prepared by melting the starting elements
(weighed according to their  atomic
percentages and sealed in quartz ampoules and
evacuated to pressure 10 Torr). The sealed
ampoule is kept inside a furnace where the
temperature is increased up to 1000°C. The
ampoule is frequency rocked for 7 hours at the
highest temperature to make the melt
homogeneous to avoid phase separation. the
quenching is done in ice cold water. Thin films
of glassy alloy are deposited on glass
substrates by vacuum evaporation technique at
room temperature and bas pressure of ~107°
Torr using a molybdenum boat.

D.C measurements have been done using
sensitive digital electrometer type kethley
(616) to measure the current, also d.c. power
supply (2 Volt).A.C. measurements have been
achieved using HP-RLC unit model 4274A
and 4275 multi-frequency LRC meter, in the
range of (100-10MHz),with amplitude of 0.08
volt and zero bias, the measurements were
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performed at different temperatures from
30-90 °C.

Results and Discussion
1- D.C Conductivity:

We can calculate the activation energy (Ea,)
according to equation (og=co exp(-Ea/ksT))
where kg is Boltizman constant and T is
absolute temperature, so the temperature
dependence of direct electrical conductivity,
dc, are plotted in Fig.(1). The activation
energy E, of the glasses decreases with
increasing annealing temperature, T,, this
decrease due to the dense in the V.B. & C.B.,
the effect is shown by the improvement the
structure during annealing process. These
results are shown in Table (1).
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Fig.(1): Temperature dependence of oy at different annealing temperature
of SegoTezpGeg thin films.
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This figure also illustrates that at T,=373K,
the E, at higher temperatures is less than that
at lower temperatures, this behavior occurs
in the Chalcogenide semiconductor when these

Table(1)
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material reach near glass temperature, T, this
is due to that the concentration of defect
centers quenched from the glass transition
temperature could be small enough to give the
previous behavior [10].

D.C conductivity and activation energy of SegoTezGeg thin films.

60:(ohm.cm)™

orr(ohm.cm)™

4.67%10°7

602(0hm.cm)™

1.71*10"

0.659*10% 2.13*10™

0.049 9.55*10™

2- AC- Conductivity:
A) Frequency Dependence:
1. Capacitance:

Fig.(2a) shows the variation of capacitance
with angular frequency at room temperature.
At low frequency there is a sharp decrease of
capacitance with increasing frequency, this can
be appropriately explained on the basis
of decreasing in space charge region at the
electrodes. At high frequency region, there is a

0.0073 17.33*10*

slight decrease of capacitance, this can be
attributed to the partially blocked charge
carriers near the electrodes [11]. Fig.(2b)
shows the same capacitance behavior at
different temperature values (323, 343 and
363K), which can attributed to the same
mechanism, but it is clear that the capacitance
decreases rapidly as the temperature decreases.
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Fig.(2): Variation of capacitance (c) with Ln(w) at different temperature.
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2- Complex conductivity:

The conductivity increases with increasing
angular frequency as shown in Fig. (3). lonic
polarization has an effect in low frequency
region where the polarization is slightly
changing and oi(W) becomes less dependent
with frequency because d.c component of
conductivity dominates in this region of
frequency. At high frequency region, the
increase of ow(W) with increasing frequency
is due to electronic polarization and
hopping, since the space charge is fluctuating
a cross the interface and thus causing
intrinsic conduction [12], that means the a.c
conductivity dominates at higher frequencies
region. Fig.(4) shows a plot of Ln oi(W)
versus Ln (w), at room temperature. The a.c
conductivity has been found to vary according
to the relation (ot ~ W* ). From this curve we
can calculate the value of the exponent (s),
also we found that the exponent s decrease
with annealing process which causes decreases
m Otot -
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Fig.(3) : Variation of conductivity with Ln(w)
at room temperature.
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Fig.(4) : Variation of Lno with Lnw at room
temperature.

3-Complex permittivity plot (Cole-Cole

Diagram):

Complex permittivity (&*=g-ig) contents
dielectric constant (&=ct/gA) and dielectric
loss (&=ott(W)/ &A),where A is the effective
erea, & sSpace permittivity and t is the
thickness of the sample. The calculated points
of the real and imaginary parts of the complex
permittivity diagram are shown in Fig.(5). The
intersect of the semicircle with g axis gives
the static dielectric constant (g5). Our
experimental Cole-Cole diagram diverted from
that of Debye, where the center of the
semicircle is lying on a line depressed by an
angle (an/2) with respect to the real axis e,
and the same for the position of the point at
top of the semicircle in which wyt,=1, where o
is the polarizibility, w, and 1, are frequency
and time relaxation at the top of semicircle.
The values of (&) and (o) are tabulated in
Table (3).
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Fig.(5): Cole-Cole diagram for SegoTesoGeio
thin film.

B) Temperature dependence:
1. A.C conductivity and Activation energy:
Fig. (6) shows the temperature dependence
of the a.c. conductivity at different frequencies
for (SeeoTesz0Gero) thin films. The physical
reason for this temperature dependence may be
the necessity to provide a certain amount of
energy from lattice vibration to overcome the
slight difference between energy levels of the
initial and final states. The difference in
energy levels may be due to the applied field
and the stray coulomb potential of charged
centers in the lattice [11]. The values of the
activation energy are calculated from the plot
of log conductivity against reciprocal
temperature at various frequencies. At low
frequency, the a.c conductivity is small and the
activation energy is large, this behavior is due
to ionic conduction but at high frequencies, the
a.c conductivity is large and the activation
energy is low.
The physical reason for this behavior is that
ionic conduction is characterized by
low mobility (i.e. low conductivity) and
high activation energies, while electronic
conduction is associated with relatively higher
mobilities (i.e. high conductivity) and lower
activation energy [13].[see Table (2)].
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Fig.(6): Temperature dependence of aii(W) at
different frequencies.

Table (2)
A.C activation energy for SesoTeszGero
thin films.
Ey (eV) at
1kHz | 10kHz

100kHz

(100H2)

2- Dispersion parameter (o) and static

Dielectric constant (&):

There is a symmetric distribution of
relaxation time around a central value,
broadening of the Debye curve, and a flatting
of the semicircular Cole-Cole diagram, which
has been occurred when the temperature is
increasing. This behavior, is due to relaxation
time process, with continuous distributed
relaxation time. The basic relaxation time can
be ascribed to the difference in the electrical
properties between he electrodes, (such as
variation in the density of free charge carrier
with changing in temperature). For this reason
(es) Is increasing with increasing temperature,
as shown in Table (3) [14,15].

This table indicated that (o) is increasing
with increasing temperature. This is because
an increasing in thermal energy will weaken
the forces of intermolecular interaction [15].
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Table (3)
The values of s, & and a for SesoTe30Gesg thin films.

Conclusion

The temperature dependence of direct
electrical conductivity consisted that activation
energy of the glasses decreases with increasing
annealing temperature. The ac-conductivity
has been found to vary according to the
relation o ~ w® and show less dependence on
temperature at higher frequencies.
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