PREFACE

The general formula of simple perovskite is ABOs;. Perovskites are widely
investigated due to their excellent piezoelectric, dielectric, optoelectronic, and electrical
properties. Perovskite properties can be modified by doping or substitution either A site
or B site or simultaneous. Such substitutions may be represented as AixA'xBOs, ABi.
xB'x03, and A1xA'xB1xB'xO3 respectively. These substitutions may be heterovalent,
isovalent, or valence compensated perovskite oxide. During the substitution or doing
valency, radius, and coordination number are very important parameters to determine
the site. The ceramic materials have a high dielectric constant and good thermal
stability. These materials are very useful in memory capacitors, devices, humidity

SENSors, and £as Sensors.

It is pointed out that the Calcium Copper Titanate, CaCu3TisO12 (CCTO)
ceramic displaying high dielectric constant Subramanian et. al. reported the first time.
The excellent properties of this ceramic, very dielectric constant (~10%) which is
independent of temperature (100 - 600 K) and frequency (10? - 10° Hz), and no phase
transition was observed. This ceramic phase independent of temperature means no
phase changes with the temperature. Several studies have been done on CCTO family
members since the last few years ACu3TisO12 (A= Ca, Bizs, Y23, Gdos, Lazs, Naip).
Ceramic materials are widely used in micro multilayer capacitors (MLCC), electronic
devices such as dynamic random access memory (DRAM), microwave devices.
Material with high dielectric constant and low dielectric loss is very important in
capacitor application. It is pointed out that being the huge dielectric constant slightly
high dielectric loss of CCTO ceramic. For reducing tangent loss of ceramic material

scientists working by doping or substituting elements to make ideal capacitor materials.

CaCusMn4O12 (CCMO) is a member of the CaCusTisO12 (CCTO) family that

display similar high dielectric as well as similar structure. The dielectric study on
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CCMO was not reported on this system. Many research groups have been working on
this system. Manganese doped or substituted CCTO ceramic shows a very low tangent
loss as well as a high dielectric constant. This material is very useful in microelectronic
devices such as non-volatile random access memories.

The non —volatile random access memories application is mainly based on the
existence of two opposite polarization states. In the practice, materials have to satisfy
several requirements e.g., a low coercive field, a low processing temperature, and a
large remnant polarization which is compatible with Si-based IC technology.

Particle size, morphology, and composition of material directly affected on
magnetic properties of the ceramic. The material which shows magnetic properties are
very useful in several applications has some special properties such as high electrical
resistivity, low loss, and magnetic coupling. Many research groups have to work on
magnetic materials by doping or substitution of metal in CCTO are simple perovskite.
When two or more ceramics of different compositions are mixed, the properties of the
materials become great the called composite material. The application of composite
material like glass fiber, automobile bodies to particulate composites for aerospace and
other applications Most of the composite materials contain fiber of one material tightly
bound into another material called a matrix. The matrixes bind the fiber together a bit
like on adhesive and make them more resistant to external damage, whereas the fiber
makes the matrix stiffer, stronger, and helps it resist cracks.

Presently, many research groups have been working on polymers based and
metal composites but perovskite oxide Manganese (Mn) doped or substituted CCTO
ceramic very few studied available which excellent high dielectric constant as well as
very low tangent loss. When Titanium of CCTO ceramic completely replaced with Mn

shows unusual Griffith’s phase behavior .
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The aim of the present work is to be synthesize CCTO, CCMTO, CCTMO,
CCMTMO, and some of their composites and described the crystal structure,
microstructure, elemental analysis, Oxidation state, surface roughness, dielectric and
magnetic behavior of the following systems:

» CaCusTisO12 (CCTO)

» CaCuzMn4O12 (CCMO)

» CaMn;Cu,Ti4012 (CCMTO)

» CaCu29Mno.1Ti3.9Mng 1012 (CCMTMO)

» CaCusTiz9Mno.1012 (CCTMO)

A brief description of the research work presented in the thesis divided into seven
chapters have been given as follows:

Chapter I contains a general introduction of complex perovskite, ceramic and
composite materials. Ceramic and composite materials have received great interest in
ferroelectrics, ionic conductors, superconductors, multiferroic, and magneto resistant
materials result from their mutual interaction. The details of complex perovskite and
composite materials considered in the current study and the purpose of the thesis is
mentioned in this chapter.

Chapter II described the experimental procedure used for the preparation and
characterization of the perovskite oxides and its composites. The semi-wet route and the
chemical route was used for the preparation of materials. X-ray diffraction and
transmission electron microscope (TEM) have been studied for the determination of
crystalline size and particle size respectively. Scanning electron microscope (SEM) and
energy-dispersive X-ray spectroscopy (EDX) analysis have been used for
microstructural studies and elemental analysis of materials respectively. The oxidation

state of the ceramics was to be examined by X-ray photoelectron spectroscopy, Study of
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surface roughness and the maximum peak height of the materials have been determined
by atomic force microscopy (AFM). Magnetic properties of the materials were
measured by a superconducting quantum interference device with the temperature and
applied field. Dielectric properties of materials were measured on a LCR meter with the
variation of temperature and frequency.

Chapter III contains synthesis, characterization, and application of CaCuzMn4O12
(CCMO) ceramic synthesized through chemical route. The phase formation was
confirmed by the X-ray diffraction pattern. Thermogravimetric (TGA), FT-IR, SEM,
TEM, EDX, and XPS analysis were performed for investigation of the thermal
behavior, phase identification, microstructural analysis, elemental analysis and
oxidation state of the CCMO ceramic respectively. FT-IR spectra confirmed the
existence of MnQOg octahedral in body-centered cubic (BCC) complex perovskite oxide
that resembles the CaCusTisO12 structure. The average particle size was observed by
TEMin the range between 100 to 200 nm. AFM shows the average roughness of the
surface was found to be in the range of 30 +5 nm. XPS and EDX studies confirmed the
purity and oxidation state of the CCMO ceramic.The synthesized material shows unique
Griffith’s phase which arises due to disorded of magnetic succeptibiliy .The dielectric
constant and dielectric loss of the ceramic was found to to be 330 and 1.2 at 100 Hz and

at 313 K ,respectively.

Chapter IV described the synthesis, characterization of manganese (Mn) doping in
CaCusTi4012(CCTO) ceramic (simultaneously doping copper and titanium site) with the
help of X-ray Photoelectron Spectroscopy ( XPS), High Resolution - Scanning Electron
Microscopy ( HR-SEM), High Resolution- Transmission Electron Microscopy(HR-
TEM ) and Raman spectra. The doping of manganese in CCTO ceramic, the dielectric

constant was largely decreased due to Mn existing in variable oxidation state like Mn*?,
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Mn"and Mn™ . Due to this reason the grains (g) and grain boundaries (gp) slightly
behave conducting in nature. Raman spectra show the existence of copper oxide and
manganese oxide presence in the grain and grain boundary of
CaCuz29Mno.1Ti39Mng.1012 (CCMTMO) ceramic. The novelty of Mn-doped CCTO
ceramic is that the tangent loss also decreases largely as compared to CCTO ceramic.
The dielectric constant and tangent loss of CCMTMO ceramic 375 and 0.3 at 10 Hz
temperature, respectively. CCMTMO ceramic is very useful for microelectronic
devices. The polycrystalline nature of CCMTMO was to be studied with the help of X-
ray diffraction(XRD), HR-SEM, HR-TEM, and Magnetic Property Measurement
System (MPMS, Quantum Design). The elemental analysis and oxidation state were
confirmed by (Energy Diffraction X-ray) EDX and XPS respectively. The elements
were found to be their required stoichiometric and oxidation state. The impedance and

modulus spectroscopy also studied.

Chapter V describe the syhthesis of undoped and Mn-doped CCTO ceramics . The
synthesized ceramics were characterized by TGA, FT-IR, XRD, HR-SEM, HR-TEM
MPMS, and dielectric studied. The thermal behavior of CCTO and CCTMO ceramic
were to be studied by Thermogravimetric analysis (TGA). The metal-oxygen bond was
to be analyzed by Fourier Transform- Infrared spectroscopy (FT-IR). The phase
formation of CCTO and CCTMO ceramic were to be analyzed by the X-ray diffraction
pattern. In the CCTO ceramic, there is a minor phase TiO; peak also recorded. The
Microstructural studies of CCTO and CCTMO were to be analyzed by HR-SEM and
HR-TEM. The metal ions were found to be their required stoichiometric ratio, examined
by EDX. The magnetic properties were to be examined by DC SQUID magnetization.
The maximum dielectric constant of CCTMO ceramic was found to be 5x10? at 308 K

and the minimum tangent was to be recorded at 0.8 at 100 Hz frequency.
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Chapter VI described the synthesis, characterization of the effect of manganese
doped and non-doped CCTO ceramic (CaCu3—-Mn,TisO12, x = 0, 1) synthesized through
semi-wet route. The phase formation of both ceramic were confirmed by the XRD pattern.
The Microstructural studies (CCTO and CCMTO) were performed through HR-SEM, TEM,
and AFM. Both the sample were characterized by dielectric properties, cyclic voltammetry
and Electrochemical Impedance spectroscopy. The dielectric properties (&) were observed to
be &' ~ 10*and 5x10° over the wide range of frequency 10 Hz to 100 kHz of CCTO and
CCMTO ceramic respectively. The tangent loss (tan & =0.75) had observed for CCMTO
ceramic which is less than that observed for CCTO ceramic (tan 6 = 3.2). The high value of
the dielectric constant of both CCTO and CCMTO ceramic may be attributed to the internal
barrier layer capacitance (IBLC) mechanism of semiconducting grains with insulating grain
boundaries. The oxidation state of the elements was confirmed by X-ray photoelectron

spectroscopy.
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