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ITTIPON FONGKAEW : FIRST PRINCIPLES CALCULATIONS OF
SELECTED DEFECTS AND INTERFACES OF PEROVSKITE OXIDES.

THESIS ADVISOR : PROF. SUKIT LIMPIJUMNONG, Ph.D. 279 PP.

KEYWORD: FIRST PRINCIPLES/ PEROVSKITE/INFRARED SPECTROSCOPY/

LOCAL VIBRATIONAL MODE/ X-RAY ABSORPTION

In this thesis, local structure and signatures of defects in different perovskite
materials and their interfaces have been calculated using first-principles approaches.
They are compared with available experimental results. The main focus is on three
types of signatures that are strongly related to the local structures of defects; the
vibrational frequencies, the x-ray absorption spectra, and x-ray photoelectron
spectroscopy. Important results can be briefly summarized as following. (1) We have
studied the stability and local vibration modes of a hydrogen (H) in cubic perovskite
SrTiO;. We propose that the cause of the observed 3500 cm ' band is a H in a Sr
vacancy (H-Vs;) , while the 2H-Vs, complexes which can also form in samples with
high H concentrations have the frequencies consistent with the observed hump in
agreement with the experimentally observed 3500 cm ' band. In addition, we also
propose that the distinct twin peaks at 3355 and 3384 cm ' are associated with the

complex defects between H and V7. (2) We have been presented method to study and
identify local structure of transition metal and metal doped in perovskite by combine
formation energy approach with XANES simulation. Our results show good

agreement with the measured spectra. (3) Effects of structural relaxation,
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interdiffusion, and surface termination on 2DEG formation at the LAO/STO (001)
interface were investigated by various models of LAO/STO interfaces with the goal of
evaluating different possible mechanisms to avoid the polar discontinuity with or
without formation of a 2DEG or electronic reconstruction. The resulting electron
densities in various models are discussed. (4) We combined an experimental XPS
study of the defect termination on LAO sﬁrfaces and their desorption under annealing
with calculated analysis of the atomic binding energies and the core-level binding
energies. These are used to interpret the changes in XPS spectra of an LAO film under
different growth and annealing treatments. We find a peak with ~2 eV binding energy
shift toward higher binding energy in the Ols spectrum cannot be associated with OH
as is commonly assumed. Instead it is assigned to carbonaceous species by studying

the corresponding changes in the C1s spectrum.
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