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Abstract: The electrical and thermoelectric power measurements have been achieved on the composition
As25Se100-xTlx. Both electrical conductivity and Seebeck coefficient were found to increase with increasing Tl 
content. The activation energy for the thermoelectric power found to be higher than that of the electrical
conductivity.
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INTRODUCTION

Chalcogenide glasses have been intensively
investigated because of their technologically important
electrical properties. The effects of impurities on the
conductivity and optical properties have been
intensively studied [1-3]. The nature of the electron
transport in amorphous materials has attracted much
attention [4-7]. It was reported that the electrical
properties of semiconducting chalcogenide glasses are
generally insensitive to impurities and the sign of the
thermoelectric power is almost positive and can be
hardly reversed by the doping of impurities. These
insensitivity to impurities is ascribed to the presence of
charged dangling bonds which pin the Fermi level close 
to the middle of the band gap [8, 9]. Therefore, the
change of conduction type or the shift of the Fermi level 
can be expected only when the concentrations of the
positively and negatively charged dangling bonds are
unbalanced by the introduction of charges. It was found 
that, the change in conductivity of As-Se-Tl is attributed 
to a corresponding change in thallium (Tl) content
[10-13]. On the other hand, the values of the room
temperature (RT) electrical conductivity (s R.T) was
found to increase with increasing thallium content [14], 
this was attributed to the addition of Tl, which gives
change in defect centers which enhance in turn the
conductivity. Furthermore, it was reported that the
electrical activation energy decreases with increasing
thallium content [15]. 

EXPERIMENTAL TECHNIQUE

5N As and Se and 4N Tl were used for preparing
bulk amorphous samples of the system AsSeTl.
Appropriate mole percentages of the three elements

were mixed and enclosed in 10 mm diameter silica tubes 
sealed under vacuum of the order of 10−4 torr and then
heated in an oven. The temperature was raised to the
maximum required value in three steps, first, the
temperature was raised to 300°C at a rate of 3-4°C/min
and kept at this temperature for 3 h. Secondly, the
temperature was raised up to 600°C at the same former
rate and kept at this temperature for 12 hours. Finally,
the temperature was then raised to 950±20°C, where
alloying was performed at this temperature for about 24 
h, as mentioned in a previous work [16]. The obtained
samples were confirmed to be amorphous by X-ray
diffraction analysis.

Samples in the form of discs were used for the
measurements of the I-V characteristics, dc conductivity 
and thermoelectric power.

Both, the electrical conductivity and thermoelectric 
power measurements were carried out using the
techniques as mentioned elsewhere [17].

RESULTS AND DISCUSSIONS

Figure 1 shows the variations of the current density 
J with changing the electric field E for the system
As25Se75-xTlx with x = 16, 20, 24 and 28 mole % at 353K. 
It seems that, the curves are linear during the lower
voltages and become non-linear at higher voltages.
Furthermore, it is observed that, the current density
increases with increasing the thallium contents, which
leads to the increase in the electrical conductivity which 
agrees with Zope et al. [14].

Figure 2 and 3, shows the same behavior at
T = 300K and 203 K respectively for x = 16, 20, 24 
and 28% mole. 

Figure 4 reveals that the current seem to be
invariant   at   lower  range   of   temperature  and  then
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Fig. 1: J-E characteristics of As25Se75-xThx at T = 353K
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Fig. 2: J-E characteristics of As25Se75-xThx at T = RT
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Fig. 3: J-E characteristics of As25Se75-xThx at T = 203K

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

260 280 300 320 340 360 380

x=16
x=20
x=24

x=28

Temperature (K)
Fig. 4: variation of current with temperature for As25Se75-xThx at different values of x

0

5 10-7

1 10-6

1.5 10-6

2 10-6

2.5 10-6

3 10-6

0

1 10-5

2 10-5

3 10-5

4 10-5

5 10-5

6 10-5

7 10-5

0 200 400 600 800 1000 1200

Fig.(3): J - E characteristics of As
25

Se
75x

Th
x
 at T = 203K

x=16%
x=20%
x=24%
x=28%

E ( V / cm )



World Appl. Sci J., 2 (3): 204-211, 2007

207

-22

-20

-18

-16

-14

-12

-10

-8

5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7

x=16%
x=20%
x=24%
x=28%

LnE
Fig. 5: Ln J-Ln E for As25Se75-xThx at T = 203K

-12

-10

-8

-6

-4

-2

3 3.5 4 4.5 5 5.5 6 6.5 7

x=16%
x=20%
x=24%
x=28%

Ln E
Fig. 6: Ln J-Ln E of the As25Se75-xThx at T = RT

increases starting from a certain temperature depending
on the value of x, which confirms that, thermally
activated electrical conductivity characterizes the
semiconductor behavior.

The above finding indicate together that, both the
electric field and temperature can enhance the electrical 
conductivity and the role of temperature is more
pronouncing at higher values of the electric field.
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Table 1: Variation of the power n with Tl ratio at different ambient
temperature

Tl content 16% 20% 24% 28%

T (K) n n n n
203 1.688 1.800 1.800 1.376
RT 1.026 1.142 1.081 1.368
353 2.083 1.933 3.478 2.440

Table 2: Variation of the actication energy  ∆Es and the
pre-exponential factor C with Tl ratio

Tl mole% 16 20 24 28

∆Es 0.897 ev 0.798 ev 0.637 ev 0.578 ev
C 1.4x1010 5.956x108 2.488x108 1.024x107

Comparing Fig. 1-4 shows that, the non-ohmic
transitions could be confirmed on samples containing
higher ratio of Tl (x = 28mole %). Therefore, the
possibility of enhancement of the electrical conductivity 
by both T and E could be confirmed at this composition 
(x = 28 mole %).

At all the mentioned conditions, the Ln J-Ln E plots 
as seen in Fig. 5-7, were found linear fitting the
following power equation.

                                     J = C En (1)

The variations of n with both the composition and
temperature is as recorded in Table 1.

It is clear from the above table that, at Room
Temperature (RT), both compositions (16, 24%) show
that the ohmic behavior is the dominant, where n
approaching unity. Besides, for a certain composition,
there was no special sequence of variation of n with
temperature, which might indicate that, the role of E is
not matching that of T on conduction behavior, for all
the four considered compositions.

Several models have been proposed [14, 18] to
explain the non-linear behavior in Ge14Se86-xTlx which
can be explained on the basis of the charged defect
centers model reported by Muragi et al. [19].

The dc conductivity of the four compositions of the 
system As25Se75-xTlx (x = 16, 20, 24 and 28 mole %) was 
measured at T = 203, RT and at 353K.

As shown in Fig. 8, the Ln s versus 1/T plots are
linear, which is consistent with the following equation
suggested by Davis and Mott [20], to describe the
temperature dependence of the electrical conductivity in 
many chalcogenide glasses.

                          s  = C exp(-∆Es/kT) (2)

Where C is the pre-exponent factor, which equals s o

exp (δ/k) and s o = eµhg(Ev)/kT) depends on the
composition, besides, s o is the minimum metallic
conductivity, δ is the temperature coefficient of band
gap, k is the Boltzmann’s Constant, e the electronic
charge on a hole, µh is the mobility of the hole, g(Ev) the 
density of states per unit energy at the mobility edge and 
T the absolute temperature. Values of the activation
energy (∆Es) are obtained from the calculated slopes of 
the line of Ln s against 103 T−1. The pre-exponential
factor   C  is obtained by extrapolating these curves to
T−1 = 0. The values of the activation energy and
pre-exponential factor are presented in Table 2.

It  is  obvious from Table 2 that, the pre-exponential
factor decreases with increasing Tl content, which
agrees with Zope et al. [14]. According to Davis and
Mott [20], the intercept C is related to density of
localized states. As C decreases, the density of localized 
states increases. Accordingly [14], the observed
decrease in C in the As-Se-Tl system with an increase in 
the percentage of Tl probably suggests the formation of a
glass composition with progressively high degree of
disorder in the As-Se system. Hence, the As-Se-Tl
system  is  found  to  be a  more  disordered  solid  than 
As-Se.  It  is likely that, the As-Se network is gradually 
modified   by   Tl   concentrations  with  respect  to
inter-atomic distances, coordination numbers, bond
strength, etc. as Tl is found to replace Se-sites. Such
effects in other systems have been reported in the
litratures [21, 23].

Table 2 indicates that, the activation energy
decreases with an increase in thallium content. The
change in activation energy from 0.897 to 0.578 ev due 
to elevating the ratio of Tl from 16 to 28 mole %
indicates that, addition of Tl may modify the
energy-band diagram of As-Se, by creating new charged 
centers in the mobility gap.

As it is seen in Fig. 9, the plots between Seebeck
coefficient (S) and 1/T in the range 235 < T < 393K for 
different x are linear. 

The TEP found possessing plus sign over the whole 
considered range of T and for all compositions providing 
that, p-type semiconducting behavior is prevailing and
the dominant contributing carriers are holes. The
contribution of holes is thermally activated and so the
differential TEP increases continuously with increasing
T. In general, the electrical properties of semiconducting 
chacogenide   glasses   are  insensitive  to  impurities.
The  sing  of  thermoelectric power, for instance, is
almost   always   positive   and  can  hardly be reversed
by the     doping      of      impurities.   This   insensitivity
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Fig. 8: Dependence of (σ) on T for As25Se75-xTIx system at diffetent values of x

to   impurities   is  ascribed   to   the   presence  of
charged   dangling   bonds,   which   pin   the   Fermi
level close  to the middle of the band-gap [24, 25].
Therefore,   the   change   of  conduction type  or  the
shift  of  the  Fermi  level can be expected only when the 

concentrations   of   the  positively and negatively
charged dangling bonds are unbalanced by the
introduction of charged impurities [26, 27]. The
following  relation  can describe temperature
dependence of S:
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sk ES A'
e kT

 = + 
 

(3)

Where Es is the activation energy for TEP and A' a 
dimensionless parameter concerning the carriers
scattering mechanism [28] or assumed to be measure of 
the kinetic energy transported by carriers [29].

As shown in Figure 9, the values of S increase with 
increasing thallium content and with temperature as
well. The estimated values of both Es and A' change with 
content of Tl as shown in Table 3.

It is clear that, the values of both Es and A’
decreased with increasing the content of Tl, a fact
consistent with the parameters C and Es  as shown in
Table 3. Such behavior confirms that, as for C and Es
both Es and A’ are dependent on the density of localized 
states, which is a matter dependent on the degree of
disordering for the As-Se system due to enrichment with 
Tl ions.

Comparing the values of the activation energies of
both the electrical and of the TEP, it is clear that ∆Es is 
larger than ∆Es with relatively high value which can be
explained by the following two models [30, 31]. The
conduction proceeds by hopping of one kind of carriers
(holes in this case), through the localized states in the
band   tail  extending   from    the    valence   band.  The 

Table 3: Changes of the activation energy Es with changing Tl ratio

Tl mole % 16 20 24 28
Es (eV)  0.07870 0.07510 0.07510 00.0700
A’ 0.41339 .779360 0.70934 0.81139

mobility of these carriers is then thermally activated in
the form of µhop = µo exp(-Eµ /kT), Eµ being the
activation energy for hopping.

The activation energy for conduction Es  thus
includes, Eµ in addition to Es i.e. Es  = Eµ + Es [30]. When 
the contribution of minority carriers (electrons in this
case) to the electrical transport is comparable with that
of majority carriers (holes), Es becomes much smaller
than Es as described below.

The total conductivity in this case is expressed as:

                      s = s h+s e

where s h and s e are the conductivities due to holes
and electrons, respectively. Accordingly, if the
contribution of minority carriers to the electrical
transport is not negligible and the conduction becomes
of mixed type, the temperature dependence of S
becomes weaker and so the value of Es becomes smaller. 
However, still the value of S is higher at higher
percentage   of   Tl.  Nevertheless,   conduction   in   the 
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present system is due to the extended states. Therefore,
the authors prefer the second interpretation.

CONCLUSIONS

In the light of the results obtained from different
studies, the following conclusions could be drawn:
Transition from ohmic to non-ohmic conduction
behavior is possible, as the applied electric field exceeds 
a creation value.

Both the electrical conductivity and Seebeck
coefficient were found to increase with increasing
content of Tl, which has been attributed to certain
changes in charged centers inside the bulk of the
material.

The finding that, Es<Es  can be considered as an
indication of the contribution of the mechanisms of
hopping to conduction. However, conduction at
extended states cannot neglected. Despite this, the main 
role is that of hole contribution mixed conduction and
the role of electrons becomes significant, as the content 
of Tl increases. This can be confirmed by the fact that,
the discrepancy between Es  and Es increases by
increasing the content of Tl in the compositions.
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