NUCLEATION PROCESS OF DIAMOND BY PLASMA CVD
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The pre-treatment of substrate surfaces is known to exert a significant influence on the growth of diamond by plasma
CVD. The ultrasonic treatment method newly proposed by our group proved to increase the density of nucleation more
than 10 times over that of the conventional finger polishing method and to grow diamond particles with uniform sizes
below 0.5 #m. This method also made it possible to carry out a quantitative study of the nucleation mechanisms. It turned
out that size defects about several tens to hundred angstroms act as very effective nucleation sites.The size of the critical
diamond nucleus was estimated to be about 30 A. It was also found that erosion of substrate surfaces by hydrogen plasma
was so great as to hinder the nucleation. This erosion effect should also be taken into consideration in the study of

diamond growth.

1. Introduction

Diamond has been attracting great interest in
various fields due to its excellent physical, mechan-
ical and electrical properties. In the growth of
diamond by chemical vapor deposition (CVD), the
inclusion of amorphous carbon had been the
greatest problem, until Spitsyn et al." succeeded in
selectively etching amorphous carbon during the
growth by introducing atomic hydrogen. This idea
has since been utilized to develop a variety of
improved CVD methods for diamond growth”™.

At present, however, there still remain many
unsolved problems in the growth mechanisms,
among which the nucleation of diamond at the
initial growth stage is very important. Its study will
give us much useful information about the possi-
bility of growing single crystalline diamond films.

The growth of diamond requires a high degree
of carbon supersaturation, which, however, en-
hances the growth of amorphous carbon. Intro-
duction of a large amount of hydrogen gas sup-
presses not only the growth of amorphous carbon
but also the nucleation of diamond, as well as
causing erosion of the substrate surface by radical
atomic hydrogen generated in the plasma.

Recently, we have demonstrated that the surface
morphology of substrates greatly affected the
nucleation of diamond®. In this paper, we propose

a new surface treatment method, “ultrasonic
treatment”. This method can introduce very tiny
defects in the surface adequate for the nucleation
of diamond, and at the same time control the
nucleation density quantitatively by the treatment
time. Nucleation mechanisms will also be discussed
in relation to the defect size and density.

2. Experimental

Figure 1 shows a schematic diagram of the
plasma CVD apparatus used for the growth of
diamond films. The center part of a reactive quartz
tube 3 cm in diameter was placed in a hole made
through a microwave guide operated at 2.45 GHz.
The substrate was set in the center of the plasma.
The substrate temperature was controlled by an
auxiliary infrared light via a quartz rod. Methane
diluted with hydrogen at carbon concentrations of
0.3-3% was flown at pressures of 400-4000 Pa.
The input power of the microwave was 300 W.

The diamond growth was carried out on Si(111)
surfaces. Substrate surfaces were damaged by our
newly developed ultrasonic treatment method; the
substrates were immersed in alcohol containing
diamond powder and were subjected to ultrasonic
vibration. This method was able to introduce very
tiny defects in the substrate surface with controlled
densities and sizes.
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lowering the contact angle and then the critical
radius. The experimental value of about 15 A for
the critical radius may be determined by the
balance between plasma etching and the above
defect effects.

For defects to effectively act as nucleation sites,
their size and shape should be optimum such that
the contact area between diamond nuclei and
defects is large. TEM observation of the silicon
surface subjected to ultrasonic vibration with dia-
mond powder showed defects about 100 A or
smaller in size. This means that the defect size
comparable to the critical radius is optimum for
nucleation.

4. Conclusion

In the growth of diamond by plasma CVD, high
substrate temperatures and the high surface energy
of diamond, as well as the erosive effect of hydro-
gen radicals make diamond nucleation difficult. A
conventional method to enhance the nucleation is
to introduce scratches artificially in the surface by
finger polishing with diamond paste. However,
very few studies have been carried out on the role
of these defects and their optimum shape and size.
This paper performed SEM and TEM analysis of
diamond grown on surfaces treated with our newly
proposed ultrasonic method, and gave information
on the size of the critical nucleus and the shape and

size of defects optimum for nucleation. With this
method, a nucleation density more than 10 times
that for the conventional polishing method was
obtained. Resultant films, composed of very
uniform, fine diamond particles with their sizes
below 0.5 um, had very smooth surfaces. The
critical nucleus was estimated to be about 30 A in
diameter in this experiment. It was also found that
the re-evaporation of many nuclei occurred during
the initial stage of nucleation due to erosion by
hydrogen radicals. In conclusion, defects which
are comparable in shape and size to critical nuclei
and can withstand erosion act as very effective
nucleation sites, and our ultrasonic treatment
method can introduce such defects at high densi-
ties, resulting in a high density of diamond
nucleation.
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