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This paper summarizes the results from studies of diamond crystallization by microwave plasma assisted chemical vapor
deposition. The growth process of diamond from the gas phase is described as active surface chemical vapor deposition
from plasma induced in a hydrogen/ CH4 mixture. The surface activity in the temperature range of 900-1100° C is related
to the high mobility of atoms, molecules, radicals, ions, etc. This in turn determines optimal conditions for diamond
growth at about 1000°C and low carbon concentrations. The growth rate is maximum and the density of lattice defects is
the lowest at this temperature. Planar defects on the {111} planes are the most frequent defects in CVD diamond crystals.
They occur as the result of competition between diamond and graphite nucleation. At temperatures below 900°C, films
with highly disordered structures have been grown which have a mixture of sp® and sp’ bonding networks. Inorganic
surface reactions involving species containing atoms like Si, B and Ti are able to accelerate the growth rate up to 20 um/h.

1. Introduction

Crystallization of diamond from the gas phase
was not easy to recognize in the past because this
process does not fit the traditional description of
crystal growth or the thermodynamics of phase
stability. These doubts are understandable because
there are reasons why the diamond growth process
is unique. First, crystallization of diamond occurs
with unavoidable competition between diamond
and graphite nucleation. Historically, the progress
on diamond crystallization from hydrocarbon
plasmas was marked by successful efforts to sup-
press graphite nucleation. This progress depended
greatly on determination of the role of atomic
hydrogen in the etching of graphite, although this
was not the only factor important to diamond
growth.

Crystallization of diamond from hydrogen-
hydrocarbon plasmas by chemical vapor deposi-
tion (CVD) is possible because of a combination of
several fortuitous phenomena. A kinetic descrip-
tion of the growth mechanism involves a combina-
tion of two processes’. One is growth by means of
the addition of atoms or radicals throughout
chemisorbed hydrogen, and the second is growth

on a part of the surface free from adsorbed
hydrogen.

Diamond growth is maximized at a temperature
of about 1000° C, which corresponds to the temper-
ature of surface reconstruction and the onset of
hydrogen desorption. These two phenomena were
observed in a high vacuum, pure environment.
Hydrogen atoms are therefore loosely bound to
the diamond surface at this temperature. Hydrogen
atoms play a critical role in stabilizing the sp’
dangling bonds of carbon atoms on the diamond
surface. But in the 900-1000° C temperature range
the hydrogen atoms are loosely bonded, so that
building a diamond lattice under the blanket of
hydrogen is possible.

These factors of diamond growth indicate that
we are dealing with active surface CVD, which
means that an interplay between organic chemical
reactions and physical phenomena which results in
the relaxation of hydrogen-carbon bonds and
hydrogen desorption occurs. The types of organic
chemical reactions are not exactly known, but
different species like CH3, C2H», cyclohexane and
others are believed to be the precursors of diamond
formation.

The process described above creates a situation
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Fig. 4. Extended Raman spectrum of diamond shown in Fig.
2 and luminescence peak at 5880 cm™' appearing always when
silicon species are present in the plasma.

Si atoms in the diamond matrix enhances this
shoulder while Ti atoms depress it. Even with 5%
CH, in H,, diamond crystals grown on Ti sub-
strates have Raman spectra which are relatively
flat in the range of 1340-1600 cm™".

Inorganic chemical reactions on the diamond
surface are responsible for the contamination of
CVD diamond crystals grown from plasmas con-
taining such species as B, Al, Ta, W and others.

6. Conclusions

1. Maximum of growth rate of relatively per-
fect diamond crystals and films occurs in a narrow

temperature range close to 1000°C.

2. Specific surface phenomena contribute to
the loosening of hydrogen-carbon bonds on the
surface of the growing diamond.

3. Planar defects in diamond CVD crystals are
a result of graphite conucleation and can interact
with the point defects created by impurities.

4. Hard and transparent diamond-like films
were deposited downstream of the plasma.

5. Growth rate can be increased by a catalytic
process when species containing Si, B and/or Ti
are present in the plasma.
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