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Diamond needles or whiskers 0.2-3 ym in diameter and 20-40 xm in length have been obtained by vapor deposition at
relatively high methane concentrations and subsequent oxidative plasma etching. The needles are of good crystal quality
in that they are substantially free from stacking faults and strain, commonly observed with vapor-deposited diamond.

1. Introduction

There are observations which indicate that
vapor-deposited diamonds are subject to structural
imperfections or anomalies which are not very
common to natural diamonds or diamonds pre-
pared from molten metals under high pressure.
For instance, broad Raman bands centered at
1450-1550 cm™' have been noted with vapor-
deposited diamond films in earlier works,'”” which
indicate the presence of double bonds.” It has also
been noted that the Raman line of the diamond
films are much broader and the peak position is
shifted to the higher Raman shift side compared
with the Raman line of natural diamonds and
high-pressure synthetic diamonds."

In the present paper, growth and structural
features of diamond needles or whiskers which
have high crystal quality are reported.

2. Experimental

Deposition of diamond films were performed
from gaseous mixtures of methane and hydrogen
using a microwave plasma reactor similar to ones
used previously.” Briefly, it is constructed of a
reaction chamber made of a quartz glass tube of
about 50 mm diameter installed in a microwave
cavity, a microwave (2.45 GHz) generator and a
gas supplying system. Diamond films were depos-
ited on silicon wafers, the surfaces of which were
abraded by diamond powders in order to attain a

high nucleation density of about 10°/cm’. The
deposition conditions were: substrate temperature
850-860° C (microwave power 400 W); total pres-
sure 40 Torr (5.2 kPa) and methane concentration
4 vol%. Films were also deposited at 0.5,2.0 and 5
vol% methane concentrations for comparison
purposes.

The samples were then subjected to plasma
etching. Oxidative plasma etching was performed
by the same apparatus used for the deposition. Air
or oxygen gas was introduced at a pressure of 5-
15 Torr (0.65-2 kPa) with microwave power of 100
W. The temperature of the samples was estimated
to be below 450-500°C.

The morphology of the surface and cross-
sections of the samples were observed by scanning
electron microscopy (SEM). A transmission elec-
tron microscope (TEM) with maximum accelera-
tion voltage of 1250 kV was used for the observa-
tion of individual needles sampled after etching.
Raman spectra were measured and compared with
those of natural type la and Ila diamonds as well
as synthetic diamonds grown from molten nickel
under high pressure.

3. Results and discussion

The morphological change of the films obtained
at different methane concentrations is briefly
shown in order to have a better overview of how
growth features may depend on the methane/
hydrogen ratio. The growth and structural features
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tion at relatively high methane concentrations and
successive oxidative etching. The needles are free
from stacking faults and show narrow Raman
lines. The position of the Raman lines coincides
with those exhibited by natural and high-pressure
synthetic single crystals, indicating that the needles
are free from strain. The unique growth features of
the needles have been suggested to arise from the
situation in which the (111) face growth is per-
turbed but the condition is optimum for the growth
of the (100) face.
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