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Abstract

The dissertation is divided into two parts. In the first part, we
demonstrate growth of a two-dimensional nano-structured diamond in a
unique platelet morphology which differs from the usual habit of
diamond growing under conventional chemical vapor deposition (CVD)
condition. The growth mechanism_of .the. diamond nano-platelets was
studied by the electron microscopy. In-the second part, we investigate the
effect of substrate orientations on diamond heterogeneous nucleation with

bias enhanced pretreatment.

In the first part of the dissertation, it is shown that a large quantity of
a two dimensional nano-structured materials can grow on polycrystalline,
nanocrystalline and isolated cubo-octahedral diamond substrates by high
temperature microwave plasma CVD. According to the characterization
of electron microscopy, these platelet-like nano-materials are identified as
single crystalline cubic diamond crystallite. The tabular surfaces of the
diamond platelets are parallel to diamond {111} plane, and the edges of
the platelets are along the [110] direction. The diamond nano-pletelets

have a thickness of about 20~30 nm.



The morphology of the diamond nanoplatelets varies with the
growth conditions. In the case of growth on the ploycrystalline diamond
substrates under high methane concentration condition, diamond
nano-platelets consisting of many smaller tabular crystallites with various
shapes but with the same facets, such as trapezoid and parallelogram,
appear in terrace and step structure on tabular surface. Based on
transmission electron microscopy (TEM) observation in side-view
direction, the diamond nano-platelets contain multi-parallel twins parallel
to the {111} tabular plane of the platelets. Indeed, these small tabular
crystallites compose diamond nano-platelets in twins. In the case of
growth under low methane .eoncentration condition, single-crystalline
diamond nano-platelets in:zshape of regular. hexagon can be obtained.
According to the growth “of diamond._nano-platelet on polycrystalline
diamond substrate or on isolated. cubo-octahedral diamond particles,
diamond nano-platelets only grow on {111} facets on diamond substrates,
and arrange in an array along <110> directions of diamond. The
arrangement and distribution of diamond nanoplatelet on diamond
substrate depends closely upon the distribution of defect in diamond

substrate.

High-resolution transmission electron microscopy demonstrates the
first observation in diamond structure that the side-face structure of
diamond nano-platelets appears in ridge edge structure bounded by

{100}/{111} facets, instead of the {111}/{111} re-entrant groove
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structure which emerges from tabular twinned crystallite usually observed
in  CVD diamond growth. According to atomic model with respect to
arrangement of carbon atoms on crystal facets, it is understood the reason
why the {100}/{111} ridge with a sub-step emerged from twins acts as a

self-perpetuating source for lateral growth resulting in platelet shape.

In the second part of the dissertation, we show the effect of the grains
in different crystallographic orientations on diamond heterogeneous
nucleation with bias enhanced pretreatment. Diamond deposition with
positive and negative bias enhanced nucleation pretreatments on mirror
polished polycrystalline NisAl' substrates has been investigated,
respectively. According .10 Iscanning -electron microscopy (SEM)
observation, it was found that diamond.depaosition on the substrates under
both biasing applications exhibited.significant variations among grains of
different orientations. Thus, the correlation of the crystallographic
orientation of grains on the samples with the diamond nucleation
behavior was systematically characterized for the case of positive biasing
by electron backscattered diffraction method with scanning electron
microscopy. Diamond deposition on NizAl grains near {111} orientation
results in higher nucleation densities, while the densities are low on {110}
and {100} oriented grains. The effect of the NisAl surface structure on
diamond nucleation has been discussed. Also, the interfacial
microstructure between diamond deposited and NisAl was characterized

by cross-sectional transmission electron microscopy. The interfacial
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structure between diamond and NisAl was smooth in the case of positive
biasing. However, negative bias pretreatment resulted in surface
roughening of NizAl substrate and forming a large number of NisAl

nano-particles.
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