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Department of Materials Science and Engineering
National Chiao Tung University

ABSTRACT

Modern functional = materials, - for. example ferromagnets and
piezoelectrics, are typically chemically ‘complex and exhibit the
co-existence of multiple phases that evolveas a consequence of chemical
alloying. In such materials, huge responses to external stimuli are often
found at phase boundaries . Examples of the discovery of such behavior
include the emergence of colossal magnetoresistance in doped
manganites, high temperature superconductivity in doped cuprates, and
large piezoelectric esponses in relaxor ferroelectrics . he large
piezoelectric coefficients in Pb(Zr,,Ti;4)O3 (PZT),
Pb(Mgo.23,Nbg7)O3-PbTiO; (PMN-PT), and b(Zngs3,Nbge;)O03-PbTiO;

(PZN-PT) systems, for example, occur in compositions that lie at the

ii



boundary between two crystal structures, a rhombohedral-to-tetragonal
phase boundary . These giant piezoelectric responses have made PZT,
PMN-PT, and PZN-PT the materials of choice for a variety of
applications ranging from micro-positioners to acoustic sensing in sonar.

In this report, we demonstrate that epitaxial strain can be used to
drive the formation of a morphotropic phase boundary (MPB) and
exhibit tetragonal phase as well as rhombohedral phase in
pervoskite-BiFeO3 (BFO) thin film grown on LaAlO; (LAO) substrate.
Comparing to MPBs which are often observed in mixed perovskites such
in PZT family, the observation of BFO boundaries can exist in a
single-component. BFO. deserves -to be . mentioned with huge
piezoelectrics and its lead-free ‘component. the observation of such
boundaries in a BFO thin film is of great interest for potential
applications in next generation .

In this study, we have tried to figure out the kinetics on formation
of such a new interface by using various techniques. First of all, we grow
BFO films on LaAlO; substrates controlled by pulsed laser deposition
with high pressure RHEED. We have also used RHEED patterns as well

as oscillations to identify the temperature of phase transitions. Reciprocal



space mapping as a function of temperature is used to understand the
structural evolution of this phase boundary. In final part, topography and
ferroelectric domain patterns as a function of temperature have also been
probed by scanning probe microscopy (SPM) to study the electrostatic
and elastic boundary conditions of this new interface. The correlation
between structure, surface topography, and ferroelectric domain pattern
will be addressed to understand the kinetics on formation of this new

interface.
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