STUDY OF DIAMOND DEPOSITION FROM THE GAS PHASE USING
TRANSMISSION ELECTRON MICROSCOPY
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Diamond particles synthesized from the gas phase were characterized by transmission electron microscopy. The diamond
particles were deposited on substrates by the hot filament thermal CVD method or by the RF thermal plasma CVD
method. Results of this study showed that there are many defects in these diamond particles. These defects are mainly
stacking faults and twins parallel to {111} planes. Multiply twinned diamond particles with five-fold symmetry were also
observed. Observations suggest that the deposition of diamond may occur with strain inside the particles at the initial
stage of nucleation. The strain seems to be released either by the stacking faults and/or by the twin boundaries.

1. Introduction

In 1981 Derjaguin et al. first reported that
diamond can be synthesized by vapor growth
techniques under reduced pressures", and in 1982
Matsumoto et al. studied experimental details of
the deposition technique”. Since then many studies
have been reported on the gas phase synthesis of
diamond films by various methods such as hot
filament thermal CVD®), microwave plasma CVD?,
RF plasma CVD>® and the DC arc jet method.
However, the mechanism of diamond nucleation
from the gas phase is not yet understood.

Transmission electron microscopy (TEM) is a
useful technique for examining the inner structures
of thin films. Until now, however, only a few TEM
works have been reported on CVD diamond”. In
this study, preliminary results of TEM observa-
tions of CVD diamond are reported.

2. Experimental

The deposition of diamond was performed by
hot filament thermal CVD. Figure 1 shows a
schematic drawing of the deposition apparatus.
Tungsten filaments were used for the excitation
and decomposition of the reactant gas. The fila-
ments were resistively heated over 2000°C during
deposition. The substrates were set on a rotating
holder about 2 cm under the filaments; Si, Cu and
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Fig. 1. A schematic drawing of the hot filament thermal
CVD apparatus.

Mo were used as substrates. A gas mixture of H,
and CH4 was introduced into the reactor. Their
flow rates were H»:500 SCCM and CH4:2.5 or 5
SCCM, respectively. The gas pressure in the reac-
tion chamber was held at about 1 kPa during
deposition.

After deposition, the deposits were characte-
rized by scanning electron microscopy (SEM), X-
ray diffraction laser Raman spectroscopy (RS)
and transmission electron microscopy (TEM). For
TEM examination, the diamond films were re-
moved from the substrates and transferred onto a
microscopic mesh and then thinned by ion milling
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Fig. 6. (a) Schematic illustration of a five-fold twinned
particle and (b) its schematic electron diffraction pattern taken
along the [110] direction.

particles with five-fold symmetry have also been
found in the particles of fcc metals and Ge which
has diamond structure®. The size of these five-fold
twinned crystals is rather small compared to that
of diamond. It is known that multiply twinned
particles of Au above about 400 nm in size trans-
form into the normal fcc structure owing to the
high stress toward the center”. This stress is
thought to occur by the elastic deformation which
accommodates the misfit angle of 7°20” between
the twin units. Since diamond has very little
elasticity, the misfit will mainly be accommodated
at the twin boundaries and the stacking faults. The
five-fold twinned particles prepared in this study
are more than 1 ym in size.

The results of this study indicate that the misfit

is predominantly located at one of the twin bound-
aries. As shown by the electron diffraction pattern
(Fig. 5(b)), however, the misfit angle between the
twin units is a little smaller than the one predicted,
i.e. 7°20". Therefore, the misfit is also presumed to
be accommodated by the stacking faults within the
twin units. Since five-fold twinned particles were
frequently observed in the film, CVD diamond
seems to have some lattice distortion within the
nuclei, which might be a key to understanding the
nucleation mechanism of CVD diamond.

4. Conclusions

CVD diamond contains a number of planar
defects such as stacking faults and twins. The
stacking faults and twin boundaries lie on {111}
planes. Multiply twinned particles with five-fold
symmetry were found and results suggest that the
strain in the CVD diamond is accommodated at
the twin boundaries and the stacking faults. It
seems that the nuclei of CVD diamond contain
some distortion. To understand the mechanism of
nucleation of CVD diamond, the results presented
here will be of great interest.
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