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Abstract

The ferroelectric materials of Ca (6 mol %) doped PbTiO3 (abbreviated to
PCT6) ceramics were prepared by using conventional solid solution
method. Phase assignment is identified by XRD technique. The change in
capacitance, the variation of dielectric constant and dielectric loss as a
function of applied frequency modes (1 kHz-10 kHz) at zero bias voltage of
PCT6 ceramics by using Cu and Ag electrodes were investigated.
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Introduction

Many different applications arising from ferroelectricity and related
phenomena in thin films have been discussed with their processing
techniques. A large number of applications of ferroelectric ceramics also
exploit properties that are an indirect consequence of ferroelectricity, such as
dielectric, piezoelectric, pyroelectric and electro-optic properties [Iijirna K et
al 1986], The biggest use of ferroelectric ceramics have been in the areas such
as dielectric ceramics for capacitor applications, ferroelectric thin films for
non-volatile memories, piezoelectric materials for medical ultrasound imaging
and electro-optic materials for data storage and displays [Maiwa H et al 1997].

Materials of the ABO3 perovskite-type calcium modified lead titanate
((Pb,Ca)TiC>3) is one of the most important electronic ceramics materials for
use in capacitors of dynamics random access memories (DRAMs) and gate
materials of ferroelectric RAM (FeRAM) [Schwarzenbach D 1996]. Generally,
the electrical properties of ferroelectric ceramics depend on the structural
properties, such as phase structure developer during the annealing process, the
orientation of the crystalline phase, and the interface structure between an
electrode and ceramics.

Introduction to XRD Analysis

X-ray diffraction (XRD) is one of the most important characterization
tools used in solid state materials science. X-ray diffraction patterns indicate
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the state in which a substance exists, e.g., as a pure element, or a compound,
or a mechanical mixture, whereas conventional chemical analysis techniques
reveal the presence of only the chemical constituents. X-ray diffraction has
been in use in two main areas, for the characterization of crystalline materials
and the determination of their structure. Each crystalline solid has its unique
characteristic X-ray powder pattern for its identification. Most modern X-ray
diffractometer include software for peak profile fitting. The position of the
peaks in an X-ray diffraction pattern depends on the crystal structure of the
material and this is what enables us to determine the structure and lattice
parameters of the materials. The position of the peaks also depends on the
wavelength of the X-rays used [Wang C M et al 2000].

The purpose of this paper is to investigate the sample preparation and
to observe the crystallographic investigation of PCT6 ceramics. Moreover, to
explain the demand for low-loss dielectric for high-frequency applications and
high-loss dielectric for high-frequency cannot be tolerated.

Experimental Procedure

Sample Preparation

The properties of ceramics were strongly influenced by their
preparation procedure. Although the material compositional control is usually
excellent, the results were not necessarily good if improper processing
conditions were used. In this experiment, sample preparation included the
following steps: To weight the starting materials PbO and TiO2, appropriate
amount of PbO (purity 99.98%) and TiO2 (purity 100%) by checked with
XRD. And then, we chose calcium carbonate (CaCOs) as raw material and it
was fired with blowpipes at 1300°C for lhr to decarbonate. Then, calcium
oxide (CaO) was received. The mixture of Pbi.xCaxTiO3 is prepared from high
purity of PbO, CaO and TiO2 powder according to the stoichiometric
composition of x = 0.06. These powder materials are mixed and ground by
agate mortar to be homogeneous and uniform grain size. These homogeneous
crystalline powders were annealed at 700°C for 3 hours by using conventional
furnace annealing (CFA) technique to be crystalline PCT6 ceramics. After
heat treatment, PCT powders were examined by XRD. The crystalline solid
solution is shaped by sample making machine to be disc-shaped pallet. Cu and
Ag electrodes are contact with PCT6 disc for electrical properties.
Disc-shaped specimen was used for the dielectric measurements.
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Measurement System

X-ray diffraction (XRD) was performed by using RIGAKU Multiflex
X-ray Diffractometer with monochromatic CuKa radiation (k = 1.5406 A)
operated at 40 kV (tube voltage) and 30 mA (tube current). Sample was
scanned from 10° to 70°'in diffraction angle, 20 with a step-size of 0.04°. XRD
technique employs monochromatic radiation and a finely powdered or fine
grained polycrystalline specimen. In this case, a fixed beam's wavelength is
used with a varying angle; this method can be used to determine unit cell
parameters accurately.

To identify the device quality and charge storage effect of ferroelectric
PCT6 ceramics, the dielectric constant er of the specimen is essentially known.
The dielectric property was measured at room temperature using Digital
impedance analyzer (LCR meter: Quch Tech 1730) as shown in Fig. 1.

Fig. 1 Digital Impedance Analyser (LCR meter; Quad Tech, 1730)

Results and Discussion

The observed XRD pattern presented in Fig.2 shows well resolved
peaks. All the peak heights and peak positions are in good agreement with the
JCPDS (Joint Committee on Powder Diffraction Standards) in XRD library
file. From the Fig, it was found that fifteen reflections were appeared and
fourteen of these reflections were matched the standard structures. The lattice
constants (c and a) of the unit cell calculated by using hkl values for PCT6
ceramics are 4.145A and 3.9073A. The c/a ratio for PCT6 ceramics are
1.0608 and suggest that the ceramics have perovskite phase with tetragonal
structure.
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The charge storage capacity of a dielectric material can be defined by a
parameter called dielectric constant, denoted by er. Consequently, it also
defines capacitance "C" of any capacitor comprising of a layer of dielectric
sandwiched between two metal plates. The electrical resistivity of different
metals used as electrodes, such as Mo, Ag, Au, Al, Cu arid so on. In this work,
Cu and Ag were used as electrodes for the fabricated capacitor. The size of the
upper and lower plates defines area of the capacitor contact *An. The
illustration of PCT6 ceramics (Metal/Ferroelectric/ Metal> (MFM) is shown in
Fig. 3.

PCT6 Ceramics

Metallic electrode

Fig.3 Illustration of MFM capacitor

The observed values of capacitance at room temperature of PCT6
ceramics measured in the frequency range from 1 kHz to 100 kHz by using Cu
and Ag electrodes (i-e., Cu/PCT/Cu and Ag/PCT6/Ag). The dielectric
constants were calculated from the capacitance measured without a bias
voltage. The variation of capacitance and dielectric constant with frequency
are shown in Fig. 4.(a) and Fig. 4.(b). It was clearly observed that step-like
capacitance decay is crushed over applied frequency. The capacitance of
Ag/PCT6/Ag is found to be larger than that of the Cu/PCT6/Cu capacitor.

Decreasing in dielectric constant is observed with increasing in
frequency for both electrodes. The decrease in dielectric constant arises from
the fact that polarization does not occur instantaneously with the application
of the electric field as charges have inertia. The delay in response towards the
impressed alternating electric field leads to loss and hence decline in dielectric
constant. The dielectric constant with Ag-contact is larger than that of
Cm-contact.

Dissipation factor (D-factor) is a measure of the losses of the capacitor
under AC operation. The inverse of the D-factor is the storage factor or the
quality factor, denoted by Q-factor. Fig. 4.(c) and Fig. 4.(d) show the D-factor
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and Q-factor versus frequency characteristics of PCT6 ceramics with two
different electrodes. It was obvious that D-factor decreases with increase in
frequency while Q-factor decreases with increases for both electrodes. The
same type of frequency dependent dielectric behavior is found in many
ferroelectric ceramics. The D-factor and Q-factor of Ag/PCT6/Ag is Found to
be larger than that of the Cu/PCT6/Cu capacitor.

Change in dielectric loss (tanS) as the function of frequency with both
electrodes was illustrated in Fig. 4.(e). At higher frequencies, tan5 decreases
with increasing frequency because of the active component of the current is
practically independent of frequency and the reactive component increases in
proportion to the frequency. The dielectric loss of Ag-contact is larger than
that of the capacitor with Cu-contact.

In dielectric, that is good insulators, the dc conduction current may be
negligible. However, an appreciable ac current in phase with applied filed
may be presented because of dielectric hysteresis. Fig. 4.(f) shows the
variation of ac conductivity with frequency for two different electrodes. The
ac conductivity of fabricated ceramics is observed that to increase with
increase in frequency for Ag-electrode is larger than that of Cu-electrode.

As the analysis of XRD profile, the candidate materials of PCT6
ceramics are polycrystalline nature and perovskite phase with tetragonal
structure. The variation of capacitance, dielectric constant, D-factor, Q-factor,
dielectric loss and ac conductivity of PCT6 ceramics with frequency for Cu
and Ag electrodes are investigated. The power dissipated in fabricated
ceramics is proportional to frequency. This explains the demand for low-loss
dielectric for high-frequency applications. High-loss dielectric for high-
frequency cannot be tolerated. Hence, the use of PCT6 ceramics is expected to
enhance greatly the capacitor applications for random access memories
(RAMs).
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Fig.2 XRD profile for PCT6 ceramics at 700°C
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Fig. 4.(a) Capacitance versus frequency characteristics of PCT6 ceramics

(using Cu & Ag electrodes)
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Fig. 4.(b) Dielectric constant versus frequency characteristics of PCT6
ceramics (using Cu & Ag electrodes)
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Fig. 4.(c) Dissipation factor versus frequency characteristics of PCT6
ceramics (using Cu & Ag electrodes)
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Fig. 4.(d) Quality factor versus frequency characteristics of PCT6 ceramics
(using Cu & Ag electrodes)
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Fig. 4.(e) Dielectric loss versus frequency characteristics of PCT6 ceramics
(using Cu & Ag electrodes)
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Fig. 4.(f) Variation of ac conductivity as a function of frequency of PCT6
ceramics (using Cu & Ag electrode)
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