Science and Technology for Sustainable Future https://www.kdpublications.in
ISBN: 978-93-48091-58-1

3. Dielectric and Leakage Property Investigation in
Lanthanum Doped BiFeO3-BaTiO;

Femina Brahma

Department of Physics,
Science College Kokrajhar, Kokrajhar, Assam.

S. Bhattacharjee

Department of Physics,
Kokrajhar Government College, Kokrajhar, Assam.

Santanu Sen, R. L. Hota, B. N. Parida

Department of Physics,
Central Institute of Technology Kokrajhar, BTR, Assam.

Abstract:

The new La doped BiFeOs-BaTiOs perovskite-oriented material is synthesized through solid
state reaction route technique at an optimized temperature 11000C. The structural
investigation through XRD technique suggesting the phase of the material is tetragonal.
The dielectric investigation through the shifting of tangent of loss and dielectric coefficient
with frequency over a specific range of temperature gives indication of overall good
dielectric feature of the material. Besides NTCR feature of the material is identifies through
impedance spectroscopy. The leakage feature investigated through I-V characteristic
technique suggesting good insulating property of the material for device-oriented
application.
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3.1 Introduction:

Now-a-days people are fond of smart materials. So, material scientists are also more
interested on these materials for their fascinating characteristics. Perovskites are basically
materials having the structure of ABO3 which reflects very standard characteristics for the
candidature of smart materials. Among all inorganic perovskites BaTiOs draws many
attentions from material scientists for such kind of excellent behaviours. Lessening
dielectric loss and improve the permittivity capacity, reduce the leakage current in
perovskites many incorporations had been taken in the B-site and A-site respectively by
cations of BaTiOsz materials. In earlier works it has been detected that doping or the
replacement of Zr** for Ti** in BaTiO3z optimizes the leaky transportation assets and the
dielectric trademarks (Chen et al., 2013).
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To develop a multiferroic material perovskites are incorporated with several materials with
magnetic ions in the recent past works either fully or partially. To build a multifunctional
device these kinds of materials having more than one characteristic draws many attentions.
Among the materials of multiferroics, perhaps the most appreciated kind is the BiFeO;
(BFO), which conveys the ferroelectric behavior with curie temperature~830°C and anti-
ferromagnetic with Neel temperature~370°C as per the literature survey. The 6s? "lone pair"
of the Bi®* ions and the 3d electrons of the Fe®* ions are liable for the ferroelectric and anti-
ferromagnetic occurrences in the BFO as per the recent works (Zhang et al. 2016; Das et
al., 2013). Alloys with a high constant of dielectric and low losses of dielectric serve as
essentials for technologies as they make it feasible to develop components. This has been
realised through the inclusion of Lanthanum Ferrite (LaFeO3) Perovskite, also known as
Orthoferrites, to BaTiOs. Since orthoferrites feature outstanding magnetic attributes and
minimal loss, the participation was decided upon for this cause (Das et al., 2013; Ranjan et
al., 2016). Sorting of spin moments constitutes one of the many additional tangible
advantages of orthoferrites. In contemplating this, further concurrently added Fe*3 and La*®
to BaTiOs, yielding (Bio.7zsLao2s FeO3)os- (BaTiOs)os (LBF-BTO), and we inquired about its
structural, dielectric, and leakage attributes.

3.2 Sample Preparation by The Solid Solution Synthesis Method:

The sample preparation task was approached via the solid oxide, adopted to create the
polymorphic sample (Bio.7s Lag2s FeOs)os-(BaTiOs)os (BLF-BTO) adopting the appropriate
proportions of the unprocessed components La;0Os;, BaCOs, TiOs, BiOs, and Fe;Oz. The
exorbitant amount-pure elements (>99%), picked from the manufactures of loba chemicals.
The formula for chemical reactions, outlined underneath was put to use to generate the
currently used compound.

0.25 LayO3 + 0.75Bi,03+ Fe;03+ 2 BaCOs + 2 TiO, — 4 (Bio,75Lao_25 F603)0_5-
(BaTiO3)o,5 +2CO,

The abovementioned ingredients are first dry grinded for about 1 hour and then wet grinded
in methanol for another 1 hour. The prepared sample was heated in high temperature furnace
and the sample was formed at 1100 °C. The X-ray Diffraction analysis gives the assurance
for the formation of the required compound, the solid solution of the material was palletized
in the form of disc with the thickness of nearly 3 mm and diameter of 10mm, with polyvinyl
Chloride and sintered at around 1150 °C for another 6 hours. The dielectric properties and
I-V characteristics of the material is performed in the LCR meter for the frequency from
100 Hz to 5 MHz in the temperature range of room temperature to 500 °C.

3.3 Results and Discussions:
3.3.1 Structure and Microstructure Study:

The XRD pattern as shown in the Fig. 3.1 indicates that there are number of sharp peaks at
defined different Bragg’s angles similar to raw material which confirms the formation of
single-phase new compound. The produced sample fits nicely into the orthorhombic
structure after analysis in the "POWD" software. The projected unit cell encompasses the
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following probable values: a = 21.5828; b = 3.9744; c/a = 0.1841; and V = 1851.33; with a
standard variance of 0.0031. Utilizing the Debye-Scherer formula, the cell/crystallite
dimension of the LBF-BTO sample was determined to be 23 nm.

Dpjq = kA/BcosOpy
where k = constant = 0.89, A = 1.54050 A° and = full width at half maximum.

Tolerance factor is calculated using formula
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Figure 3.1: Shows the XRD pattern of the studied sample.

where ra, Is, and ro are the cations' ionic radiuses, respectively, for the A, B, and oxygen
anions (in A unit), and it is found to be <1 which confirms that all structures are distorted
from the ideal cubic symmetry.

3.3.2 Frequency Dependent Dielectric Properties:

Figure 3.2 shows the dielectric (&) property with frequency. The material's dielectric
capability diminishes as frequency climbs and peaks in low frequency. High capacitance
levels arise from polarisation at the junction, and low levels emerge as frequency-dependent
improper alignment or phase mismatch of the dipoles occurs relative to local relative to the
local pinning field direction. As shown in the Figure 3.3 the dielectric loss or tan delta with
frequency, it is predicted that at low frequency there is a relaxation peak with temperature
and at high frequency the loss is low for every temperature variation. At lower frequency as
the charge carriers require high energy to cross barrier of grain boundary results in high
resistance and due to it the high loss but as the frequency raised the low resistance offered
by grains gives the low value of loss wang

28



Dielectric and Leakage Property Investigation in Lanthanum Doped Bifeos-Batios

9x10° (Big 75180 257€03)0 5(BaTiO3)g 5 35 (Big 75180 25F€03)0 5(BaTiOz)y 5
8x10" = 30
7x10° = 1
25 =
6x10° =1 ] —m— 200
-, 20 - —@—250°C
@ 5x10" =
. g 1 —A—275°c
4x10" = s 15-. a0’
3x10" = 10 - —@-325°C
2x10° = 4350
5 =t
1x10° =
04 0
R m—————————— TS TT—T T T — Ty
01 1 10 100 1000 10000 0.1 1 10 100 1000 10000
Frequency(KHz) Frequency(KHz)
Figure 3.2: Variation of dielectric. Figure 3.3: Tangent loss variation
and frequency with frequency

3.3.3 Complex Impedance and Modulus Studies:

To analyse the electrical properties, impedance analysis is the most important tool. This
analysis gives us the understanding of the contributions from the material's electrode, intra-
, and inter-grain impacts. Z*(w)=Z'+jZ" represents the complex impedance spectroscopy,
and Z' and Z" represent the real and imaginary parts of the complex impedance, respectively
(Mohanty et al., 2020; Wang et al., 2020).

To analyze electrical properties PSM-1735,4NL-LCR, UK. The electrical measurement was
taken in wide range of frequencies from 100 Hz to 5 MHz and temperature in the range of
25-500 °C. The real part of the complex impedance (Z’) varying with frequency at different
temperatures in the interval of 5°C in the range of 25° to 500°C is shown in the fig. 3.4. This
behavior is termed as Negative Temperature Coefficient of Resistance (NTCR) in the
material. The release of space charges at grain boundaries gives a decreasing and merge
curves at high frequencies for all the temperatures.
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Figure 3.4: Variation of Z’ with frequency. Figure 3.5: Variation of Z’’ with frequency
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The relaxed response of the material is determined by the shift of the imaginary component
of impedance (Z") with a specified range of temperatures and frequency. Grain boundaries
add to the ridges in the lower part of the frequency, while grain is liable for the flattened
part of the higher frequency. Consequently, the reduced temperature relaxation in these
specimens originates from stagnant charges, unexplained imperfections and vacancies in
oxygen leading to in elevated temperature relaxation (Ranjan et al., 2011; Aliouane et al.,
2005; Wang et al., 2002).

3.3.4 Leakage Property Studies:

The Figure 3.6 indicates the Current(l) and Voltage (V) variation in the range of 25°C to
325°C. Current (1) -Voltage(V) characteristic gives us the information regarding the leakage
current and types of charge carriers The leakage feature investigated through I-V
characteristic technique suggesting good insulating property of the material for device
fabrication application. The leakage current is increasing with the increment of voltage. But
it was observed that with respect to increase in temperature the leakage current goes in
decreasing. To understand the leakage-current properties
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Figure 3.6: Shows Variation of Current with Voltage

we have to consider various types of conduction phenomena like (i) interface-limited
conduction phenomena and (ii) bulk-limited conduction phenomena. The interface-
limited phenomena originated from the difference in Fermi levels between a metal and an
insulator or a semiconductor. The energy difference produces a potential barrier between
the metal and the insulator, charges must overcome it and leakage takes place (Das et al.,
2019). But it was observed that with increase in temperature the leakage current goes in
decreasing. Besides it, non-linearity behavior observed in the leakage current curve with
temperature suggests the n-type semi-conducting feature of the material.
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3.4 Conclusion:

BFO-BTO was successfully synthesized in the solid oxide root method which was confirm
through XRD diffraction characterization. The material formed in the single phase, having
orthorhombic crystal structure. The material has good dielectric property along with low
tangent loss. The NTCR behavior was confirmed through impedance analysis. The I-V
curves confirmed the low leakage property of the material and also it gives us the
information regarding charge carriers. The material is free of lead. So, the device which
will be fabricated with the synthesized material is good for sustainable environment.
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