CHAPTER 1

INTRODUCTION

1.1 Background

Perovskite structure ferroelectric materials have been of great interest among materials
sciencetist for almost century. The successful of the related research works have been
performed in new materials, discovery of new properties and achievement of developed
technology for applications [1]. Although they were initially developed for military
purposes, then These applications are used in daily life thorough high complicated
technology in industrial, medical devices, and high level research, for the applications
such as, electrical, telecommunications, computing, aerospace, microelectronics, radio
technology, laser technology and microwave devices [2]. The material with a high

dielectric constant (e, > 1,000) is called high dielectric materials or giant dielectric

materials. Normally, many giant dielectric materials have a perovskite crystal structure.
The perovskite material with dielectric constant more than 1,000 can be divided into
two groups. The first group is normal-ferroelectric, e.g. Pb(Zr,Ti)Oz (PZT) [3] and
BaTiOs [4]. In this group, the materials show the permanent electric dipole moment,
when the materials were placed in electric field and the electric dipoles are aligned
along the direction of the external electric field. This effect leads to the dielectric
response. The second is relaxor-ferroelectric, e.g. PbMg1sNb2303 (PMN) [5],
Pb(Zn13Nb2s3)Os (PZN) [6], Pb(Sci2Ta12)Os (PST) [7] and (Bi,Sr)TiOs [8]. These
materials have electrical responsiveness at low temperature and under high electric
field. It should be noted that many high dielectric materials are lead based materials.
These lead based materials are not environmental friendly due to the volatility of lead at
high processing temperatures. This motivates the searching for lead free (Pb) materials

which have dielectric properties comparable or higher than the standard lead based



materials. Recently, the materials which exhibit high dielectric constant and scanty
change when the temperature and frequency changes are wildly investigated. These
materials consist of CaCusTisO12 (CCTO) [9], KxTiyNiixyO (KTNO) [10], CuO [11]
and A(Fe12B12)O3 (A=Ba, Sr, Ca and B=Nb, Ta, Sb) [12]. It is noted that many large
dielectric constant materials have similar dielectric behavior, i.e., they all exhibit a
Debye-like relaxation and their dielectric constants are nearly independent of frequency
and temperature below the transition temperature [13]. Usually large dielectric constants
are found in ferroelectric materials and are related with atomic displacements of the
non-centro symmetrical structure [13]. However, the complex perovskite of
A(Fe12B12)O3 (A=Ba, Sr, Ca and B=Nb, Ta, Sh) is non-ferroelectric but exhibit high
dielectric constant. Accordingly, the origin of the giant dielectric constant has been
attributed to an extrinsic mechanism such as point and extended defects, contaminants,
domain boundaries in grains boundaries, grains, non-ohmic electrode contacts, and
surface layers. The extrinsic mechanism has been observed in many ceramics. All of

these extrinsic effects have been reported

to lead to higher than expected permittivity values in many oxide-based ceramics. High
dielectric materials have high loss tangent which is unsuitable for capacitor applications.
To reduce the loss tangent, many attempts have been made such as forming some solid
solutions between the high dielectric materials with other materials or doping with some
elements [3, 10]. Furthermore, some high dielectric materials require a high temperature
processing which causes high processing cost and results in the global warming effect.
Attempt to reduce the temperature processing is an interesting aspect for the high

dielectric materials research now.

In this work, some interesting ABOs perovskite structure materials such as
SrFeosNbos03 (SFN) and BiFeOs (BFO) ceramics will be synthesized. Some elements
such as Ho and/or Sb will be doped into the studied ceramics to improve their
properties, especially for lowering the loss tangent. Furthermore, some alternative
methods for synthesis the materials will be developed to reduce the temperature of the

processing. Properties of the studied materials will be investigated with various



techniques. The electrical properties will be discussed in terms of microstructure and
related with MW model.

1.2 Research objectives
The objectives of this study are as follows:

1.2.1 To investigate the electrical properties of Sr(FeosNbos)O3 and BiFeOs
doped with Ho and/or Sb

1.2.2 To study the effects of method of synthesis on phase formation,
microstructure and electrical properties of the studied materials.

1.2.3 To obtain new materials which have high electrical performance.

1.3 Usefulness of the research
The main education advantages of this work are:

1.3.1 To obtain knowledge for perovskite ceramics, multiferroic and the giant
dielectric materials.

1.3.2 To obtain alternative methods for improvement of electrical properties of
the SFN and BFO ceramics.

1.3.3 To obtain high performance properties of the studied materials for the

capacitor applications.
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