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ABSTRACT

This study was aimed at investigating the dynamic hysteresis behaviors in
ferroelectric materials and demonstrating their power-law scaling relations in form of
hysteresis area < A > as a function of frequency f and field amplitude E; < A >
fMES (where m and n are exponents dependent on the dimensionality and symmetry
of the system). All investigations in this study were to support the hypothesis that
materials with similar domain states should have very comparable dynamic hysteresis
and scaling behaviors.

The simple and normal ferroelectric BaTiO3 single crystal was first chosen to
determine dynamic hysteresis responses and its scaling relations under influence of
frequency and field amplitude at room temperature compared to those of previous

investigations in soft and hard PZT ceramics. The obtained scaling relations were
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comparable to those of the other more complex materials and the inter-correlation
between the f and E, exponents was obtained, which is in contrast to the prior
theoretical prediction and experimental investigations.

Subsequently, polycrystalline BaTiO3 bulk ceramic was observed to clarify the
influence of domain homogeneity on dynamic hysteresis and scaling behaviors
compared to those of BaTiO3 single crystal and the other complex materials. The
inter-correlated scaling relations between f and E, for tetragonal polycrystalline
BaTiO3 bulk ceramic were revealed. The scaling relations obtained in this study were
comparable to those of BaTiO3 single crystal and the other complex ferroelectric
ceramics. However, some discrepancies of exponents for scaling relations between
polycrystalline BaTiOz ceramic and BaTiOj3 single crystal still existed due to the
difference in amount of defect concentrations.

The 0.7Pb(Mg1/3Nb;3)03-0.3PbTiO3 [0.7PMN-0.3PT] single crystal, a
relaxor ferroelectric material, was also examined for the dynamic hysteresis and
scaling manners compared to those of normal ferroelectric BaTiO3 single crystal. The
scaling exponents for the 0.7PMN-0.3PT single crystal were different from those of
BaTiO; single crystal probably because of existence of random fields in relaxor based
ferroelectric.  Finally, the (1-X)Pb(Zri,Tiy2)O0s3-(X)Pb(ZNn13Nbys)Os  [(1-X)PZT-
(X)PZN], ceramic compositions (where x = 0.1, 0.2, 0.3, 0.4, and 0.5) with various
crystal structures were investigated to determine the dependence of hysteresis and
scaling behaviors on domain structures. The scaling relation for the minor loops of (1-
X)PZT-(X)PZN systems in this study took the form of < A > o< f "E," with range of m
between (—0.42) and (—0.34), and n between (3.32) and (4.03), depending on

compositions. These scaling relations were very similar to those of soft and hard PZT
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ceramics. However, slightly slower response to f and faster response to E, indicated
the ease of polarization orientation in this simpler domain structure ceramic as
compared to commercial PZT ceramics. As a result, this study suggested that the
domain structures play a key role in controlling dynamic hysteresis behavior of
ferroelectric materials.

Furthermore, the temperature dependence of dynamic hysteresis and scaling
behaviors in BaTiOj3 single crystal and BaTiO3 bulk ceramic was observed to confirm
the domain structure contribution on scaling and hysteresis properties. Exponents m
and n were also found to vary with temperature. In cubic phase, exponents were due
to contribution from long-range displacement of charged carriers (i.e., oxygen
vacancies). The evolutions of exponent m and n with temperature in BaTiOj3 single
crystal exhibited similar trends to those of BaTiO3 bulk ceramic, but the magnitude
was significantly different due to variation in amount of defect concentrations. The
universal set of exponents to distinguish the artifact polarization state was proposed.

In addition, the electric field—waveform dependence of hysteresis behaviors
and scaling relations was determined in the 0.7Pb(Mgy3Nby;3)03-0.3PbTiO;
[0.7PMN-0.3PT] single crystal to clarify the influence of different field-waveform
applications. The different applied electric field-waveforms slightly influenced the
exponents of scaling relations. Exponent n obtained from sinusoidal waveform was
higher, while exponent m was lower, than those obtained from triangle waveform.
These were caused by the difference in electric field rate and uniformity which were
unique characteristics of each waveform.

The exponents m and n for power-law scaling relation in form of < A > «

fMES for ferroelectric materials obtained in this study can be summarized as follows.



For BaTiOs single crystal, exponents m and n were in order of (-0.27 to -0.16) and
(0.65 to 1.01), respectively, for saturated field condition, while m and n for sub-
coercive field condition were in order of (-0.34 to -0.29 at 1.5 kV/cm) and (3.53 to
5.77), respectively, depending on temperature. For BaTiO3 bulk ceramic, exponents
m and n were in order of (-0.28 to -0.16) and (0.86 to 1.38), respectively, for saturated
field condition, while m and n for sub-coercive field condition were in order of (-0.30
to -0.16) and (3.04 to 3.49), respectively, depending on temperature. For 0.7PMN-
0.3PT single crystal, exponents m and n were in order of (-0.21 to -0.13) and (2.41 to
2.64), respectively, for saturated field condition, while m and n for sub-coercive field
condition were in order of (-0.27 to -0.20) and (3.26 to 3.72), respectively, depending
on field-waveform. Finally, for PZT-PZN ceramic systems, exponents m and n were
in order of (-0.42 to -0.34) and (3.32 to 4.03), respectively, for sub-coercive field

condition depending on composition.
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