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Abstract of Thesis

AIN has been extensively investigated for realizing high—-performance deep ultraviolet optoelectronic
devices because of its wide bandgap energy of 6.2 eV. Due to the difficulty of growing large—area bulk AIN
substrates, epitaxial growth of thick AIN films on « -Al;03 substrates using hydride vapor phase epitaxy is
one of promising substitutes. Recently, the use of trench-patterned templates fabricated on «-Al,0; substrates
has been shown to remarkably improve the crystalline quality of AIN films. Using trench-patterned templates
gives rise to epitaxial lateral overgrowth (ELO) and the formation of nano-scale voids in AIN films, which
probably influences the microscopic residual strain distribution (MRSD) in the films. Furthermore, because
of the complicated growth mechanism of the AIN films on trench-patterned templates, including ELO at the
terrace, nucleation at the trench, and merging of the grown crystals, there is likely a variation of the
microscopic crystalline morphology (MCM) such as domain texturing, lattice tilting fluctuation (LTF) and strain
fluctuation (SF) in local regions of the films, which is still unclear at present. The aim of this thesis
is firstly to propose a methodology for the crystal microstructure analysis such as MRSD and MCM in thick
AIN films grown on trench—patterned templates. Then, by understanding such crystal microstructure properties,
the mechanisms behind the generation of strain distribution and crystallographic evolution of the films can
be clarified to propose a practical growth process for thick high crystalline quality AIN films. In order
to achieve this aim, multi-scale characterization from nanometer to millimeter scales was carried out. X-ray
microdiffraction (XRMD) with a submicron beam size was performed in combination with transmission electron
microscopy (TEM) observation and X-ray diffraction (XRD) with a submillimeter beam size. Finite element method
(FEM) was also used to simulate the strain distribution in the films. The MRSD in the cross—section of the
thick AIN films throughout the growth direction was successfully mapped using position—dependent XRMD
measurements. The results show that nano—scale voids triggered by the trench-patterned templates are effective
in relaxing the strain in the directions perpendicular to the trench direction, which is also confirmed by
the FEM simulation. Analysis for strain components obtained from appropriate diffractions also revealed the
variation in twisting of AIN crystal domains about the c—axis along the growth direction. Position—dependent
XRMD measurements for the film surface show that the MCM in the thick AIN films is highly anisotropic with
several submicron crystal domains tilted toward each other in the [1150] direction, perpendicular to the
trench, and periodically arranged in this direction corresponding to the periodicity in trench—patterned
template. Microscopic LTF and SF were precisely and quantitatively determined and these are mainly attributed
to the elastic relaxation of strain gradually varied along the growth direction as well as inhomogeneous
distribution and morphology of dislocations in the films. An anisotropy in the macroscopic curvature of the
films in the [1150] and [liOOJ directions was observed by XRD and this is closely related to the anisotropy
in MCM of the films as clarified by XRMD. The present study demonstrates the effectiveness of multi-scale
characterization for revealing crystal structure properties of the thick AIN films grown on the

trench—patterned templates, which leads to further improvement of crystalline quality of the films.
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