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The BiFeOs-based thin films are prepared by simple chemical solution deposition
(CSD) method in this study. Based on the research of excess Bi and chemical
substitution induced property evolution, we get a clear understanding of the
relationship between strain and polarization properties. The outline of each chapter is
described below.

In Chapter 1, structure, phase transition and ferroelectric properties of BiFeQs are
generally introduced. Moreover, the introduction of chemical solution deposition method
and objects of this work are presented.

In Chapter 2, polycrystalline BiFeQs thin films with overdosed Bi up to 15 mol% are
prepared. All the films crystallize in R3¢ structure after annealing at 550 °C for 5h by
normal furnace. The structure analysis by the out-of-plane and the in-plane X-ray
diffraction show that the film with 5 mol% excess Bi has the smallest lattice parameters
indicative of the low ion vacancies and is strongly strained. Moreover, long-time
annealing is benefit for crystallization and building up stress, which will further

enhance polarization. It is found that the value of saturation polarization is strongly




correlated with the crystal deformation induced by in-plane tensile stress. These
indicate that the excess Bi greatly influences the polarization properties of BiFeOs thin
films via enhancement of lattice deformation induced by in-plane stress.

In Chapter 3, the influence of LaNiOs bottom electrodes on the structure and
polarization properties of top BiFeQs films are detected. 650 °C-annealed LaNiOsz layer
shows better crystallinity, offering a potential for growing high quality BiFeOs film on
it. 500 °C-Tube 5h annealed films, which are deposited on 650 °C-annealed LaNiOs,
show larger Pr value, attributed'to the high in-plane strain achieved by long-time and
low-temperature annealing.

In Chapter 4, doping of Al on Fe-site is carried out. BiFe1xAliO: thin films are
fabricated by CSD method and crystallize in R3¢, Cm or T phase depending on
annealing temperature. The T phase is formed under high temperature (900 °C) and
high Al concentration (x=0.2-0.4). While the Cm phase is likely to appear in the region
of low temperature (500-550 °C) and high Al concentration (x=0.2-0.4). There is an
obvious co-existence region for R3c and Cm phase (x=0.2), which is known as the
pleomorphic phase boundary (PPB), similar as morphotropic phase boundary (MPB).
The large Pr value of 145 nC cm is observed at PPB.

In Chapter 5, doping of Ga on Fe-gite is carried out. BiFei1xGaxOs thin films are
fabricated by CSD method and crystallize in R3¢ and/or Cm phases. The coexistence of
R3c-Cm phases is observed at x=0.1-0.2, which is the PPB. It is found that the
polarization can be greatly enhanced around PPB, with Pr value of 230 nC cm2. The Pr
value of 230 pC cm?2 observed in BiFe1:GaxOs films is the highest value ever been
measured in ferroelectric. These results suggest that modification of Fe-site for BFO
induces phase instability and provides a possibility for formation of PPB. The change of
polarization switching paths around PPB between R3c and Cm phase may be
responsible for the appearance of the huge polarization.

In Chapter 6, the conclusions for the total research are summarized.

So far the presence of MPB in PZT-based piezoelectric ceramics is confirmed to be the
most important region where very large piezoelectric responds can be obtained. In our
study, MPB-like PPB can be achieved at low temperature and normal atmosphere by
simple CSD method in BiFeOs-based films. Bi is nontoxic in its oxide forms, and
BiFeOs-based system is considered to be a good alternative to Pb-based system. It opens
a new path to research the lead-free electric devices.
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