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Temperature dependence of the growth rate and morphology of diamond grown using a hot
filament-assisted chemical vapor deposition (HFCVD) method was experimentally determined.
Emphasis was placed on the low substrate temperature ranging from 210 to 700 °C. The growth
rate was determined from the particle sizes for at least two different deposition times as measured
by scanning electron microscopy. The activation energy for the growth of diamond was as small as
a few kilocalories per mole. The morphology of the diamond particles depended strongly on the
substrate temperature. At 210 °C, most of the particles were octahedron faceted with only a {111}
surface. With increasing temperature, cubo-octahedron faceted with both {100} and {111} surfaces

appeared.

1. INTRODUCTION

Seemingly inconsistent experimental
results have been reported on growth rates of
diamonds grown using various CVD methods
[1-6]. We reported that diamonds grow on a
substrate even at as low a temperature as 135
°C [7]. Temperature dependence of the growth
rate of diamond were studied by a number of
researchers, resulting in the activation energy
which has not been established. Activation en-
ergy of diamonds grown using CVD methods
ranges from 10 to 25 kcal/mol in the substrate
temperature range above 600 °C [1-6]. If the
nominal activation energy of 15 kcal/mol is
valid where the value is taken from previous
studies, then diamond growth at low tempera-
tures should be extremely slow. For example,

the growth rate at 135 °C is five orders of mag-
nitude lower than that at 700 °C. Because the
nominal growth rate at 700 °C is 1 um/h [3],
diamonds could not actually grow at 135 °C.
Because research on the hot filament-assisted
chemical vapor deposition (HFCVD) method at
low substrate temperatures is scarce, this
present study was undertaken to determine
the growth rate of diamonds deposited using a
HFCVD method for a wide temperature range.

2. EXPERIMENTAL

Diamond particles were deposited on a
substrate using the HFCVD method. Essen-
tial parts of the experimental apparatus as
well as the deposition process itself were simi-
lar to those described elsewhere [7]. The sub-
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strate used here was a 8-mm X 8-mm X 0.5-
mm silicon wafer that had been polished by
diamond paste. Its temperature was able to be
controlled between 210 °C and 700 °C using an
electric heater and a stream of cooling water,
and was measured with a thermocouple in-
serted into a hole in the substrate holder. The
difference in temperature between the mea-
sured point and the substrate surface was no
greater than 10 °C [7]. A tantalum filament
was placed 4 mm above the substrate, and us-
ing a dual-band pyrometer, its temperature
was measured to be 2700 + 20 °C. The feed gas
was methane (0.5%) diluted by hydrogen, and
the gas flow rate was 300 sccm. The total pres-
sure of the gas was 50 Torr.

3. RESULTS

Scanning electron micrographs of the
diamond particles deposited for different
times were taken, which showed clearly the
existence of an incubation period. The growth
rate was determined from the plot of the aver-
age particle size versus the deposition time at
each substrate temperature.

Figure 1 shows an Arrhenius plot of the
temperature dependence of the growth rate for
substrate temperatures ranging from 210 to
700 °C. The apparent activation energy was
as small as 1~5 kcal/mol, which was much
smaller than that reported for high tempera-
tures above 600 °C [1-6]. Also seen in the fig-
ure is that the apparent activation energy
shows a tendency to decrease slightly with de-
creasing substrate temperature. Similar be-
havior was reported by Snail et al. [7] for sub-
strate temperatures of 444~1200 °C. Those

results along with ours suggest that diamond
growth is not a process that can be character-
ized by a single rate-controlling step.

Figure 2 shows the scanning electron
micrographs of diamond particles synthesized
on substrates that were at 250 °C or 700 °C. In
the case of 250 °C, diamond particles were oc-
tahedron-faceted with only a {111} surface. In
the case of 700 °C, diamond particles were
cubo-octahedron -faceted with both {100} and
{111) surfaces. Temperature-dependent crys-
tallography was studied previously by Spitsyn
et al. [8]. We observed that as the substrate
temperature decreased from 900 °C to 800 °C
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FIG. 1. Temperature dependence of diamond
growth rate at substrate temperatures of
210~700 °C (solid circles). The marks of x are
the data from Ref. 3.
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FIG. 2. Scanning electron micrographs of dia-
mond particles synthesized at a low and high
substrate temperature, (a) 250 °C, deposition
time of 120 minutes, (b) 700 °C, deposition
time of 52 minutes, respectively.
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or lower, the ratio of the growth rate in the
{100} and {111} directions G.e., v(100)/v(111))
increased; consequently, the appearance of the
{100} surface gradually decreased. This ten-
dency was more evident at the lower tempera-
tures.

4. DISCUSSION

The mechanism responsible for the
weak and non-Arrhenius type of dependency
of the growth rate on temperature at low sub-
strate temperatures may be interpreted two
ways. One possibility is that the chemical
composition adjacent to the substrate surface
depends on the substrate temperature. The
sticking probability of a chemical species is
usually a function of temperature [9-11],
which thus makes the surface concentration
dependent on temperature. If the concentra-
tions of the gaseous components, for example
H, Ca2He, and CHs [12,13], are temperature de-
pendent, then the Arrhenius relationship
doesn’t hold. Another possibility is the exist-
ence of multiple mechanisms of crystal growth
characterized by different activation energies.
Changes observed experimentally in the crys-
tallography support this possibility. On the
other hand, process-dependent temperature
dependencies support the former possibility.
Further study is now under way to clarify the
mechanism involved.

5. CONCLUSIONS

In conclusion, the growth rate for dia-
monds grown using a HFCVD method wasless
dependent on the substrate temperature for
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temperatures ranging from 210 °C to 700 °C.
The apparent activation energy, determined
from an Arrhenius plot of the substrate tem-
perature versus diamond growth rate, de-
creased from 5 to 1 kcal/mol with decreasing
temperature.
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