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Abstract

PZT is a ferroelectric ceramic material that has acquired immense importance in the field of electronics
industry. The main focus of this report is to present the electrical conductivity response of manganese
and cerium modified lead zirconatetitanate (PZT). The conductivity response has been investigated with
respect to frequency of applied ac electric field and temperature. The samples have been prepared by
mixing high purity chemicals, through high temperature solid state route. The frequency response of
electrical conductivity has been analysed on the basis of Maxwell-Wagner and Koop’s model. The
temperature response of electrical conductivity indicated that the compounds exhibit Arrhenius

behaviour.
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1.Introduction

Lead zirconatetitanate belongs to ferroelectric
materials that can exist in ceramic form. It possess
a tremendous and an intensified electrical property
i.e. ferroelectricity, even when the applied ac
electric filed is removed [1]. Hence the PZT has
been, and is still being used in wide range of
electrical applications such as capacitive and
resistive elements in electronic circuits, piezo-
sensors, actuators, etc [2-3]. The increasing
importance of PZT, since its discovery in 1952, is
mainly due to its stability over wide temperature
domain. Further, it has been observed from several
studies that PZT possess large values of
polarization, high  coupling  coefficients,
appreciable thermal stability, etc. especially at
morphotropical phase boundary (MPB). MPB can
be considered as one of the composition of PZT
where it shows the mixed phase, and it usually
exists when the amount of zirconium/titanium
(Zr/Ti) is nearly and/or exactly same [4].PZT,
being a family member of ABO; perovskites,

International Research Journal on Advanced Science Hub (IRJASH)

possess large sized cations (Pb** ions) at A site
(i.e. at corners of the unit cell) and small sized
cations (Zr**/Ti™ ions) at the B site (i.e. at center
of the unit cell). The oxygen atoms are situated at
the faces of unit cell [5-6].

The conductivity of ferroelectric material can be
investigated based on its response to external ac
electric signal. The conduction that takes place in
ferroelectrics is mainly due to the charge carriers
that are weakly bounded. When an electric field is
applied, the ordered motion of charged particles
results in electrical conduction. Since ferroelectrics
are assumed not to have free charge carriers, the
existence of conductivity is may be due to low
mobile ionic charges. Hence, the conduction in
ferroelectrics takes place through hopping of
charge carriers [7]. Using parameters of dielectric
information, the conductivity has been calculated
from the following expression:

Cac= MErEptand

where gy permittivity in free space, and ® angular
frequency. The ac conductivity of a material can
be investigated as a function of frequency, based
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on Jonscher’s power law [8]:

(@)= 0(0)+ 0 (o)
op(®)=0, +an"

whereoc (0) is the conductivity that is independent
on frequency and o1(w) is the ac conductivity that
is dependent on frequency. The conductivity of a
material can be obtained by dividing the
magnitudes of steady state current with the voltage
applied. The behavior of conductivity of a material
can be studied as a function of temperature, based
on the following relation [8]:

E E
=Aexp.(——2)+Bexp .(——2
o X ( kT) X ( kT)

whereE, activation energy for intrinsic conduction
and E, corresponds extrinsic conduction process.
The above mentioned relation ca be reduced, when
the intrinsic conduction dominates the extrinsic
conduction, to the following [9]:

Ea

kT)'

Our extensive literature survey indicated lots of
works on Mn/Ce modified PZT ceramics [12-19]
but very few on PZT ceramics of 35/65
composition PZT. Recently, a work on the effect
of Ce on electrical properties of 52/48 PZT has
been reported [20]. It has been reported that Ce
modified compounds exhibit large values of T,
small values of tano and high impedance, etc. The
electromechanical coefficient of 50/50 PZT has
been increased, on the addition of MnO, [21]. PZT
thin film, doped with Mn and Sbh, has been
suggested for IR detectors due to good IR
sensitivity and high pyroelectric coefficient [22]. It
is also observed that there is change in the size,
shape and distribution of grains, over the surfaces
of Ce modified 65/35 PZT [23].

The conductivity nature PZT, PZMT and PZCT
samples has been studied, and presented in this
paper. The samples have been electrically
characterized with LCR meter, the recorded data
has been further evaluated to find the magnitude of
ac electrical conductivity.

2. Experimental Section

The inorganic oxides of 99.9% purity were used to
prepare the samples of Pb(Zros;-xYxTio4s)O3 (X =
0.00, 0.10 and Y = Mn/Ce). The complete
procedure and process parameters are similar to
that, which have been reported elsewhere [22-23].

o=Aexp.(—
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3. Results and Discussion

3.1Variation of ac conductivity with frequency
The fluctuation of ac conductivity of as prepared
samples with frequency, is shown in Figure 1 (a-
d).
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Fig.1 (a-d). Variation of ac conductivity with
frequency

With rise in frequency, the magnitude of ac
conductivity is increasing. At a particular
frequency, there is slight discontinuity in the
variation of conductivity. The frequency at which
this discontinuity takes place can considered as the
hopping frequency. The presence of hopping
frequency can be related to the negligible
contribution of space charge polarization. Except
for PZCT at 475 °C and 500 °C, all the samples
exhibit the hopping frequency in the region of high
frequency. This is sensible because the space
charges get released at higher temperatures as well
as at higher frequencies. According to Maxwell-
Wagner and Koop’s theoretical models, bulk part
i.e. grains are more active than grain boundaries at
higher frequencies [3]. Due to the application of
low frequency electric field, the electrons tend to
aggregate at the grain boundaries. Increment in the
frequency of the filed results in the stoppage of
electrons flow, and hence the reduced space charge
polarization. The negligible space charge
polarization at higher frequencies further indicate
the reduction in barrier properties of the materials.
Also, the frequencies of hopping are observed to
be dependent on temperature due to their shift
towards high frequencies with rise in temperature.
Hence, conduction is governed by Jonscher’s
power law [19]. Below the hopping frequency, the
conduction can be attributed to the charges that
may present at grain boundaries. Above the
hopping frequency, grains start dominating the
grain boundaries and hence the change in slope
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takes place. At 475 °C and 500 °C, PZCT exhibit
hopping frequencies at lower frequencies only.
This could mean that the grains might be active at
low frequencies due to increase in temperature.

3.2 Variation of ac conductivity with inverse
absolute of temperature

The fluctuation of ac conductivity with
temperature, is shown in figure 2 (a-c).
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temperature
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It can be observed from the figure that the
magnitude ac conductivity of all samples shows
significant  variation over wide range of
temperatures. With rise in temperature, the
conductivity of all samples in increasing indicating
the presence of peaks at higher temperatures. These
peaks correspond to the dielectric relaxation peaks
that can observed near Curie temperature region [7,
23]. The increment in conductivity with rise in
temperature suggests the semiconducting nature i.e.
negative coefficient of resistance behavior. The
existence of conduction in the materials can be
attributed to the hopping charge carriers. Hence,
the increment in ac conductivity with temperature
indicate the increase in rate of hopping of charge
carriers with temperature. Hence, the nature of
graphs suggests that the transport properties of
materials are thermally activated obeying
Arrhenius law. When the temperature increases, the
polarons become active since they get the required
thermal energy and jump over the grain boundaries
[24]. Different slopes of the graphs indicate
different activation energies of the compounds.

Conclusions

In this work, the electrical conduction mechanism
of PZT modified by manganese and cerium has
been studied. The samples have been synthesized
through standard synthesis technique of ceramics
i.e. solid state mixing. The analysis indicated that
the ac conductivity of compounds obey Jonscher’s
power law (over the wide frequency domain) and
Arrhenius law (over the wide temperature
domain). The enhancement in ac conductivity with
temperature suggests that the compounds behave
as semiconductor at higher temperatures. The
appearance of peaks near higher temperatures
indicate evidence of dielectric relaxation. Also, the
activation energy of the compound changes with
change in temperature and modifier.
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