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Polycrystalline films were grown on silicon substrates by microwave plasma-assisted vapor deposition from a gaseous
mixture of methane and hydrogen for methane concentrations ranging from 0.3% to 5.0%. The films were then subjected
to reactive etching in air-plasma under reduced pressure. A variety of etching patterns was observed on the surfaces and
cross-sections of the films: films obtained at lower methane concentrations of 0.3% to 0.5%, where well-defined (111) and
(100) faces appear, became porous by etching, with pores located mainly at grain boundaries. Films obtained at 3.0% to
4.0%, whose surfaces consisted predominantly of square (100) faces, were found to have typical columnar structures. The
intergrain regions of these films were etched away rapidly by the etching and thin rods or needles of single crystalline
diamond remained. Films obtained at 5%, in which the crystalline morphology disappears, became highly porous by

etching, looking like a spider’s web.

1. Introduction

One of the characteristic features of “diamond”
grown by chemical vapor deposition is that the
structure, texture and morphology of the deposits
depend on growth conditions, e.g., carbon content
in the gas phase or substrate temperature. The
change should be closely related to the growth
mechanism in which the relative rate of formation
of single and double bonds, as well as the relative
growth rates of specific crystalline surfaces, e.g.,
(111) and (100) depend strongly on gas composi-
tion and substrate temperature.’™

Detailed characterization of the deposits grown
under different conditions is therefore very impor-
tant in understanding the growth mechanism as
well as the properties of the diamond films ob-
tained by chemical vapor deposition. As an effort
in this direction, oxidative plasma etching has
been employed in this study: vapor deposited
diamond films were subjected to reactive etching
in air-plasma under reduced pressure. Compari-
sons of morphology and Raman spectra of etched
films with those of as-grown films have been found
to be highly informative as to growth and struc-
tural features.

2. Experimental

Deposition of diamond was carried out using a
gaseous mixture of methane and hydrogen by the
microwave plasma-assisted chemical vapor deposi-
tion method. The apparatus is shown schematical-
ly in Fig. 1. It consists of a silica tube reaction
chamber equipped with a sample holder, micro-
wave generator, waveguide, gas feeding system
and an evacuation pump.
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Fig. 1. Schematic drawing of the microwave plasma-assisted
chemical vapor deposition system.
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Fig. 4. Raman spectra of diamond films deposited under
different methane concentrations.

line width measured as full width at half maximum
(FWHM) is 7-8 cm™' for the film while FWHM
for the standard is about 2 cm™'. The peak position
is found to be located at a higher Raman shift by
about 1 cm™'. After etching, the position goes close
to the standard position, while the line width
remains much the same.

Similar etch patterns have been observed with
the sample prepared at 2%. At the surface, large
etch pits are found on (100) faces. The Raman line
is broad and slightly shifted. The etching seems to
have an unappreciable effect on the Raman line.

Films obtained at methane concentrations of 3
to 4% show (100) preferred orientation and their
cross sections show a typical columnar structure.
The Raman line of diamond is located at a higher
wavenumber than the high pressure synthetic dia-
mond used as standard, with its FWHM of 3 to 4
cm’'. After etching, it is found that the intergrain
regions were etched away rapidly and thin rods or
needles remained. The Raman line of the needles is
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Fig. 5. Microprobe Raman spectra of diamond films: As-
grown (solid line) and etched (dotted line).

T T T T 1
natural diamond
e
350F** ¢+ ,
¢ ¢
by )
£
o
5 340F
Q,
3.30f f
3.20
1 1 1 1 1
10 20 30 40 50

CHa/CHa+Ha2 (%)

Fig. 6. Density of diamond film vs. methane concentration.
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the same in peak position and FWHM as that of
standard diamond.

Film obtained at 5% has an appearance quite
different from other films in that both surface and
cross section are smooth, almost entirely lacking in
crystalline morphology. The Raman line of dia-
mond is extremely weak and broad band at 1450
to 1550 cm™' due to disordered structures involving
double bonds which became stronger. The etched
film appears highly porous, looking like a spider’s
web.

4. Conclusion

It has been shown that the reactive plasma
etching is useful in revealing the details of the
texture of vapor-deposited diamond films and in
understanding where the defects and graphitic

components are, as well as how the films grow.
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