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ABSTRACT

0.5((1—x)Bigglag1ProFeOs (BLPFO)-xPb(Zrgs2Tip4g)03 (PZT))-0.5Polyvinylidene difluoride (PVDF)
composite films with x variations 0.25, 0.40 and 0.50 were synthesized using two step mixing, followed
by hot pressing. The structural, microstructural, dielectric, magnetic, ferroelectric and magnetodielectric
properties of composite films have been systematically investigated. The measurement of the dielectric
properties at 1 kHz shows that the dielectric loss (tan 8) decreases with increasing the volume fraction of
PZT. The value of maximum room temperature €, ~78 and low tan 8 ~0.061 for 0.5((1 —x)BLPFO-xPZT)-
0.5PVDF composite film with x=0.50 suggests its usefulness for capacitor applications. For predictions of
effective dielectric constant of composite films experimental data were fitted with Lichtenecker model.
Among all the composite films, the film with x=0.50 was found to exhibit smallest leakage current
density ~7 x 1078 A/cm? and hence improved electrical resistivity. The variation of magnetization with
temperature indicates the presence of spin glass behavior along with the ferromagnetic component at
5 K. The value of remnant polarization (2P;) is found to increase with increase of PZT content in com-
posite films. In the present composite films a significant dependence of dielectric constant on magnetic
field has been observed, and highest value of magnetodielectric response of 2.85% is observed for
composite film with x=0.50.

© 2016 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

1. Introduction

In the past several years, a significant amount of work has been
carried out on various ceramic-polymer composites, especially on
high dielectric constant ceramic-polymer composites for their
applications in embedded capacitors [1,2]. During study of these
high dielectric constant materials, relatively less importance has
been given to dielectric loss. However in many applications such
as integral thin film capacitors or electric stress control devices, a
low dielectric loss along with high dielectric constant is required
[3]. In spite of high dielectric constant exhibited by conductive
fillers embedded in insulating polymer, a high dielectric loss and
low breakdown strength has been observed which limits their
applications [3]. In recent years ferroelectric ceramics with high
dielectric constant and low dielectric loss such as Pb(Zr, Ti)O5 [4]
and BaTiOs [5] have been used as fillers in order to overcome the
aforementioned limitations. On the other hand, multiferroic ma-
terials is a class of interesting materials which simultaneously
show electric and magnetic orderings, and are considered to be
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promising materials both scientifically and technologically due to
their potential for design of multifunctional devices such as sen-
sors, MEMS devices, ferroelectric storage and spintronic devices
etc [6,7]. The existence of cross-coupling between magnetic and
electric order parameters, called magnetoelectric (ME) coupling,
has drawn great interest, as this effect opens the possibility to
manipulate electric properties magnetically, and vice versa [8].
BiFeOs (BFO) is one of the most widely studied room temperature
multiferroic materials with high Curie temperature (T.=1103 K)
and high Neel temperature (Ty=643 K). Despite of exhibiting
certain interesting features it has limitations from the application
point of view as a multiferroic system due to its high conductivity,
antiferromagnetic nature and weak magnetoelectric (ME) cou-
pling. In bulk BFO the presence of defects, low resistivity and
nonstoichiometry gives rise to leakage problems which further
hinders the measurement of ferroelectric and transport properties.
Apart from this, the macroscopic magnetization is canceled due to
the presence of inhomogeneous cycloidal spin structure which
further hinders the linear magnetoelectric effect [9]. Therefore, it
is essential to improve its multiferroic properties for practical
applications. For instance, in BFO nanostructures an unexpectedly
large spontaneous polarization (~60 puC/cm?) was observed and
considered to be due to strain effect [10]. Similarly in
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