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AC Conductivity of GeSes Chalcogenide Glasses
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Abbassia, 11556 Cairo, Egypt.

Ac conductivity and dielectric properties of bulk GeSes
semiconducting glasses were studied in the frequency and
temperature range of 50 Hz-5 MHz and 303-483 K, respectively.
The XRD confirmed the amorphous nature of GeSes semiconducting
glasses. Ac conductivity, oac(®w), as a function of frequency varies as
a power law: oac (w) = Aw’. Temperature dependence of frequency
exponent was analyzed to predict the conduction mechanism, which
was found to be correlated barrier hopping model (CBH).
Frequency and temperature dependences of dielectric constant and
dielectric loss were also investigated. Electric modulus formalism
was applied for evaluating the activation energy of the dielectric
relaxation process.

1. Introduction

Chalcogenide glass (CGs) meaning glass has one or more chalcogene
element like (S, Se, Te) [1-7]. CGs are amorphous semiconductor, amorphous due
to short range order and soft semiconductor due to flexible atomic structure .It
also has band gap energy ~ 2 eV, where semiconductor materials have band gap
1-3 eV. Chalcogenide glasses have many promising applications [8] in civil,
military, and medical [9]. It has also many promising application in electronic
devices and electronic switches [10]. CGs has good optical properties like
photoinduced phenomena “heat-mode, photon mode phenomena [11, 12].

The binary compounds GeSe is characterized by highly anisotropic
properties due to their layered structure. The interaction between layers is very
weak, due to van der Waals force. It is established that the physical properties of
this system are highly composition dependent [13]. The glass formation region in
the binary Ge-Se system is about 60-90 at% Se, with rest being Ge [14]. GeSe
chalcogenide glasses were studied by many authors [13-21]. Pan et al, studied the
annealing effects on the structure and optical properties of GeSe; and GeSes [15].
Petkov studied amorphous chalcogenide Ge-Se-(Ba, Ga, TI) glasses and thin
films, their preparation, properties and application [16]. Jemali et al, calculated ab
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initio of vibrational frequencies of GeSez and GeSe4 [17]. While, Popov et al, has
studied thin amporhus chalcogenide glasses films of (GeSes)i0xGay and
(GeSe)10yGa (Ti, B)y (y =5, 10, 15, 20) system and their internal stress using
cantilever technique [18]. Boudebs et al, reported the linear optical properties of
GeSe,; with other composition as chalcogenide glasses near infrared range [19].
Nedeva et al, investigated bulk and thin films of (GeSes):xGax and (GeSes)1-xGax
systems with up to 20 at % Ga. They investigated the compositional dependence
of the optical properties [20]. Dwivedi et al, studied the change in bonding
configurations for GeSes films exposed to visible light and irradiated with
Krypton ions by using Raman techniques [21]. There is no detailed study on the
ac conductivity of GeSes glasses. Therefore, it is interesting to study the ac
conductivity and dielectric properties of GeSes chalcogenide glasses and the
effect of frequency and temperature which may give insight for its application.

2. Experimental Technique

GeSes amorphous Chalcogenide was prepared by weighting appropriate
amounts of high purity element (5 N) and putting them in quartz ampoule sealed
under pressures of ~ 1.3 %107 Pa. The quartz ampoule was heated to 1173 K for
24 hours. The molten was then quenched in icy water. The composition and
homogeneity of GeSes glasses was checked using the energy dispersive X-ray
analysis (EDX) attached to the scanning electron microscope SEM Model Quanta
250 FEG FEI company, Netherlands. The X-ray diffraction (XRD) study was
performed using Philips X’pert diffractometer using CuK, radiation. GeSes bulk
was ground to obtain fine powder; the powder was pressed in the form of pellet of
diameter 1.3x 107?m and thickness 1.05x 1073 m. Au thin film was deposited
on the opposite sides of pellet as ohmic electrodes using Edward 306A thermal
evaporation unit under vacuum of ~1.33 x 10~* Pa. The dielectric measurements
were carried out using programmable LCR bridge Tgan INC. 3350 in the
frequency range 50 Hz -5 MHz and in temperature range 303-483 K. The
temperature was measured using Chromel-Alumel thermocouple. The accuracy in
the measurement of dielectric constant is + 1x 1072 and for loss is + 1x 107%.

3. Result and Discussion

The X-ray diffraction pattern of GeSes is shown in Fig. (1 a). The
diffraction pattern confirms the amorphous nature of GeSes chalcogenide
glasses. Figure 1.b. shows the EDX of amorphous GeSes which confirms
the agreement between the experimental atomic ratio of the element and
the expected data.
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3.1 Frequency and Temperature dependence of Zac (®)

St

Intensity (a.u)

The total conductivity (G..(@)) is a sum of two components; dc
conductivity (@ 4.) which is frequency independent and the ac conductivity which
is frequency dependent according to the relation o, (®) = Aw® [22, 23]. Where A

is a constant dependent on temperature, () is the angular frequency and s is the
frequency exponent. Therefore,

gﬂc(m} = grﬂt(m} — Oge = Aw?®
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Figure (2) shows the frequency dependence of the ac conductivity (o,.) at
different temperatures. It is clear that the o,.{@) increases with increasing
frequency and temperatures. The frequency exponent (s) was determined from the
linear fit of the straight lines at different temperatures. The exponent was found to
be less than unity and decreases with increasing temperatures. Figure 3 shows the
dependence of the frequency exponent s on temperature. This result suggests that
the correlated barrier hopping (CBH) model is the suitable model to describe the
ac conductivity. According to this model, charge carriers are supposed to hop
between neighboring localized sites. The dependence of the frequency exponent s
on temperature is given by the relation:

1—3:? (2)

where, K is Boltzmann constant and W is the maximum barrier height.

The maximum barrier height can be obtained from fitting the data shown in
Fig (3). Two straight lines were obtained with slope s; at T<400 K and s; at
T>400 K. The maximum barrier height obtained is 0.420 eV and 0.761 at lower
(T<400 K) and higher temperatures (T>400 K), respectively.

The temperature dependence of the ac conductivity at different constant
frequency for GeSes semiconductor is shown in Fig. (4). It is clear that this
dependence is Arrhenius relation according to the relation

AE,
Oar = Op Epr_;E (3)

where, g, is the pre-exponential factor and AE . is the ac conductivity activation
energy. This figure show that ac conductivity increases with increasing
temperature. According to the Arrhenius relation, the ac conductivity is thermally
activated from different localized states in the gap or its tail [24, 25].

The dependence of the ac activation energy on the frequency was
calculated from the slope of the linear fit of the lines. Fig. (5), shows the
dependence of the ac activation energy (AE,.) on the frequency. The values of
AE_.was found to decrease with increasing frequency. This is due to that
increasing frequency enhances the electronic jumps between localized states,
which consequently decrease the ac activation energy (AEg.) [26, 27].

3.2. DC conductivity as a function of temperature

DC conductivity (zz.) was obtained from the extrapolation of (g.,.())
to w = 0. Figure 6 shows the temperature dependence for ;. T. It is clear that
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the dc conductivity (o) decreases with increasing the temperature according to
the relation [28]:
0ac = (0, /T)exp(=22) (4)

where, AE . is the activation energy for dc conductivity and K is the Boltzmann’s
constant. The values of the dc conductivity activation energy were calculated
from the slope of the linear fit. The activation energy for the dc conductivity was
found to be 0.398 and 0.761 eV at lower (T<400 K) and higher (T> 400 K)
temperature, respectively.
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3.3. Dielectric properties: Frequency and temperature dependence of the
dielectric constant and dielectric loss

The dielectric constant =; can be calculated using the relation g, = i ,

where ¢ is the sample capacitance, d is the sample thickness, A is the cross
sectional area and &, is the permittivity of free space. Figure 7 (a, b) shows the
dependence of the dielectric constant with frequency and temperature.
Figure 7-a show that £; decrease with increasing frequency. This can be attributed
to that polarization of the dielectric material is due to the contribution of four
polarizations [29]. This is related to the dielectric constant. These are electronic,
ionic, orientation and space charge. With increasing frequency, the orientation
polarization decreases since, the dipoles cannot be able to rotate sufficiently
rapidly, so their oscillation lag behind the field .With further increase of
frequency, the dipole will be unable to follow the field and the orientation
polarization stopped. Therefore £; decrease to a constant value due to space
charge polarization at higher frequencies.

Figure 7-b shows the increase of £; with increasing temperature. This can
attributed to that at low temperatures the dipole cannot orient themselves. Then
with increasing the temperature the orientation polarization increases with the
increase of g; [30].

The dielectric loss can be calculated from the relation

sga=g tand (5)
Figure 8-a show that =, decrease with increasing frequency. At low frequencies,
£, 1S due to ions migration in the material. At moderate frequencies, =, is due to
contribution of ions jump, conduction loss of ions migration, and ion polarization
loss. While, at higher frequencies the only source of dielectric loss is the ion
vibration and =5 has minimum value [30, 31].

Figure 8-b shows the dependence of =, with increasing temperature. This
can be explained according to Stevels [30]. The relaxation phenomenon is divided
into conduction loss, dipole loss and vibration loss. At lower temperatures, the
conduction loss is minimum because it is proportional to o (). With increasing
temperatures, @ increases and consequently the conduction loss increases which
lead to increase &, with increasing temperature. It is also clear from this figure
that =, decrease with increasing frequency. At low frequencies, & is due to ions
migration in the material. At moderate frequencies, =5 is due to contribution of
ions jump, conduction loss of ions migration, and ion polarization loss. While, at
higher frequencies the only source of dielectric loss is the ion vibration and &, has
minimum value. The reported values of &, are in agreement with that reported in
literature [32, 33].

Relaxation mechanism can be obtained from the electric modulus study
[34]. The electric modulus is represented by:

M*=1/g%(w) (6)
M* =M (@) + Mz (w) (7
where, the real and imaginary parts M; and M of the dielectric modulus are:
Mi= & /[(1)* + (£2)] 8)
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Mz =g, /[(£1)" + (£2)°] (9)
From figure 9 and figure 10 which show the real and imaginary part of modulus,
we conclude that this value for the dielectric modulus increase with increasing
frequency and decrease with increasing temperature. This suggests that the range
in which charge carriers are mobile on long distances i.e. polaron can perform
successful hopping from one site to the neighboring site. The absence of the peak
of the imaginary part is observed in literature [35].

Conclusion
X-ray diffraction analysis confirmed the amorphous nature of GeSes

chalcogenide glasses. Ac conductivity varies with ©°. The temperature
dependence of the exponent s supports the correlated barrier hopping model as
the predominant ac conduction mechanism. The temperature dependence of ac
conductivity shows a linear increase with increasing temperature with activation
energy of relaxation process 0.708 eV. Both dielectric constant and dielectric loss
of GeSes glasses decreased with increasing frequency over the investigated
frequency range 50 Hz- 5 MHz. The real and imaginary parts of electric modulus
were also investigated.
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Figure Captions:

. a) XRD pattern of the GeSes chalcogenide glasses, and b) EDX chart.

. Frequency dependence of g, for GeSes at different temperature.

. Temperature dependence of frequency exponent s.

. Temperature dependence of &, for GeSes chalcogenide glasses.

. The dependence of ac activation energy on frequency.

. The dependence on In {z . T) aginst 1000 /T.

a) Frequency dependence of the dielectric constant for GeSes chalcogenide
glasses at different temperatures, and b)Temperature dependence of
dielectric constant at different frequencies

. a) Frequency dependence of dielectric loss of GeSes at different temperatures,
and b) Temperature dependence of dielectric loss at different frequencies.

9. Frequency dependence of real electric modulus M of GeSes chalcogenide

glasses at different temperatures.
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10. Frequency dependence of imaginary electric modulus M- of GeSes
chalcogenide glasses at different temperatures.



