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An ultra-high voltage transmission electron microscope has been used to observe the internal and interfacial structures of
diamond particles synthesized by plasma-assisted CVD in cross-section for the first time. At lower CH4 concentrations,
0.5% and 2.0%, diamond particles are half polyhedra formed by single crystals or twinned crystals. In these polyhedra,
line defects composed of micro-twin lamellae or stacking faults are observed. The particle directly contacts the Si
substrate at base center without an intermediate layer within the resolution limit. At higher CH4 concentrations, for
example at 4.0%, the particles are half balls composed of fine crystals. These fine crystals are enveloped by amorphous
carbon. An amorphous layer is observed on the surface of the diamond particles which becomes thicker on the particles

deposited at higher CH,4 concentration.

1. Introduction

In recent years, diamond thin films have been
greatly improved by using techniques such as
thermo-filament CVD"™ and plasma-assisted
CVDY™". Diamond has a lot of extraordinary
properties, such as a wide band gap (5.5 ¢V) and
high thermal conductivity, which are two main
advantages for fabricating high-temperature semi-
conducting devices. Reports on the semiconduc-
tivity” and visible luminescence'” of synthetic
diamond thin films have taken the first step for the
realization of wide applications to semiconducting
devices.

Among the techniques for characterizing syn-
thetic diamond, Raman scattering, X-ray and RED
have been used in identifying diamond phases, and
SEM (scanning electron microscope) and TEM
(transmission electron microscope) studies have
shown the morphologies. Among these studies,
one well-known phenomenon is the effect of the
methane molar concentrations in H» on the
morphologies of obtained particles and films: with
increasing methane concentration, the morphol-
ogies of synthesized particles turn from euhedral

to ball-like”. There have been some studies on the
morphological features of the euhedral particles;
the results showed that they were formed of single
crystals or twinned particles composed of 2, 5, and
20 single crystal units®. The ball-like particles
deposited at higher CHs molar concentrations
have not been studied, even though studies on
these particles might lead to deeper understanding
of the deposition mechanism; the coexistence of
the diamond phase and amorphous phase is an
important point when studying the synthetic
process. Obviously, if we can observe the internal
micro-structures of diamond particles, it will be
helpful in truly understanding the morphologies of
synthesized particles and the crystal growth pro-
cess. Structures of thin films are much more com-
plex to study compared with those of particles; in
addition, observations of particles are more in-
formative for investigating the internal and inter-
facial structures at early stages.

In this paper, an ultra-high-voltage electron
microscope (TEM) [HU-3000] operated at 2000
kV has been used in studying diamond particles
synthesized using plasma-assisted CVD at different
CH, concentrations. Particularly, a cross-sectional
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