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Abstract

Gallium nitride (GaN) is [1I-V wide-band-gap semiconductor and potential candidate for
the application of photonic devices in blue/green light emitting diodes (LED), semiconductor
lasers, and optical detectors. In terms of GaN film, the mismatch of lattice constants and
thermal expansion coefficients in this heteroepitaxy induce high dislocation densities and high
level of residual strain in the post growth of thin film, which affects its luminescence
efficiency. Therefore, the goals of this thesis are to understand the physics phenomenon found
in the GaN films and to establish a scientific basis on the new route for future studies.

This purpose of is to study the elastic—plastic deformation mechanism during
nanoindentation experiment and cathodoluminescence test of the GaN films. In the
experiment, metal-organic chemical vapor deposition (MOCVD) was employed to deposit
high quality GaN on A- and C- axis sapphire substrate. Firstly, the GaN films has been
investigated in the pressure-induced impairment events from nanoindentation technique and,
the relative deformation effect was observed from atomic force microscopy (AFM). From the
morphological studies, it is revealed that none of crack was found even after the indentation
beyond the critical depth on the residual indentation impression. The ‘pop-in’ event during
loading-unloading curve, especially lead to deviations in the penetration depth versus
indentation load curves was explained by the interaction of the deformed region, produced by

the indenter tip, with the inner threading dislocations in the GaN films. The plastic
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deformation associated with the individual movement of a small number of large shear stress
is quickly accumulated underneath the indenter tip. The extensive interactions between the
dislocations slipping along the GaN surface, therefore, confined the slip bands resulted in
a ’pop-in’ event due to the deformed and strain-hardened lattice structure.

Secondly, Berkovich nanoindentation was used to explore the repetition
pressure-induced impairment of the GaN film. The observation of load-displacement vs
stress-strain curves concludes that basal slip is implicated in the deformation on the A plane
GaN. The increase in the hardness (H) and elastic-modulus (E) was determined from cyclic
nanoindentation, and resulted in a crack due to the formation of incipient slip bands and/or the
to-and-fro ‘motion of mobile dislocation. It is indicated that the generation of individual
dislocation and residual deformation of the GaN films are shown by cathodoluminescence
mapping analysis. From the morphological studies, it is revealed that the crack was found by
means of AFEM technique at nine loading/reloading cycles even after the indentation beyond
the critical depth on the residual indentation impression.

Finally, the GaN films on ¢- and a-axis sapphire substrates and then used the nanoscratch
technique and AFM to determine the nanotribological behavior and deformation
characteristics, respectively. The AFM morphological results revealed that pile-up phenomena
occurred on both sides of the scratches formed on the GaN films. It is suggested that cracking
dominates in the case of GaN films while ploughing during the process of scratching; the
appearances of the scratched surfaces were significantly different for the GaN films on the c-
and a-axis sapphire substrates. In addition, compared to the c-axis substrate, higher values of
the coefficient of friction (i) and deeper penetration of the scratches on the GaN a-axis
sapphire sample with the ramped force at 4000 uN was obtained. This discrepancy suggests
that GaN films grown on c-axis sapphire have higher shear resistances than those formed on

a-axis sapphire. The occurrence of pile-up events indicates that the generation and motion of
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individual dislocation, which we measured under the sites of critical brittle transitions of the
scratch track, resulted in ductile and/or brittle properties as a result of the deformed and

strain-hardened lattice structure.

Keywords : Mechanical properties, Nanoindentation, Nanoscratch, Elastic—plastic

deformation, Cathodoluminescence.
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