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Thin polycrystalline diamond films were deposited on prepared (100) Si substrate by hot filament chemical
vapor deposition using a mixture of hydrogen, propane-butane and argon. During investigations the gas flow of
argon was varied from 100 sccm to 400 sccm. Scanning electron microscopy analysis revealed that the addition of
argon to the gas phase influenced the growth rate and film structure. An increase of argon concentration provokes
an increase in film porosity and decrease in crystalline facetting. The quality of these films was investigated with

the use of the Raman spectroscopy.
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1. Introduction

For practical applications of diamond films deposited
by chemical vapor deposition (CVD), one requires thin
diamond films with high crystalline quality, high phase
purity and high growth rate. A mixed gas composed of
methane and hydrogen has been used as feed gas in the
conventional CVD method [1-4]. It is now well known
that the growth rate of diamond films and nanodiamond
carbon components in the diamond films were increased
by argon additions. The addition of argon to feed gas
could improve the crystallinity and quality of the dia-
mond deposits [5].

In this work, we undertook a systematic study of the
effects of the use of argon on diamond deposition in hot
filament chemical vapor deposition (HF-CVD) varying
the concentration of Ar in gas feed.

2. Experimental

The diamond films were deposited by HF-CVD method
on the silicon (100) substrate. The substrate temperature
measured by the thermocouple wire was 760 °C. The elec-
trically heated tungsten filament positioned 6 mm under
the substrate surface was used to activate the gas mix-
ture. The pressure and flow of the gas mixture (propane—
butane and hydrogen) were kept constant during all the
deposition experiments (see Table I). The deposition time
was about 24 h.
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TABLE I
Deposition process parameters.
Propane- Hydrogen | Pressure | Argon
Sample butane
[sccm] [scem] [Torr] | [sccm]
S1 6 400 20 100
S2 6 400 20 200
S3 6 400 20 300
S4 6 400 20 400

The characteristics of the diamond films were exam-
ined using a scanning electron microscopy (SEM) and
Raman spectroscopy (excited by 488 nm Ar laser line).
Detailed studies of the Raman scattering measurements
have been carried out in the range of 1000-2000 cm™!
and 1300-1370 cm ™!, as both these regions provide in-
formation on the different aspects of the diamond growth
process and the symmetry of diamond peak.

3. Results and discussions
3.1. SEM analysis

Figure 1 shows typical SEM images of as-deposited di-
amond films at argon concentration, taken in the central
area of the samples. The SEM pictures show that for all
samples the surface is continuous.

For samples S1 and S2 we observed that in the range of
argon addition between 100 sccm and 200 sccm the dia-
mond films present well-faceted crystalline grains, with a
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Fig. 1.
films.

SEM surface images of deposited diamond

predominance of angular shapes, corresponding to (111)
crystalline surfaces. We also observed a decrease in the
size of the grains.

Increasing the argon concentration in the feed, the
morphology of the film begins to change drastically.
There is a strong tendency to the formation of round
and poly-faced grain (sample S3). If the argon concen-
tration is very high, however, there is a complete loss
of the crystalline facetting due to the large increase in
vacancy defects and formation of graphite clusters that
induce the deposits to be amorphous (sample S4).

Figure 2 shows the dependence of the diamond growth
rate on the argon gas flow in the feed. It is observed that
the growth rate increases with increasing argon concen-
tration. The same form of the dependence of the growth
rate on the concentration of argon was also observed for
diamond produced by HF-CVD [5]. Also, similar effects
have been observed with the addition of helium in a hot-
-filament reactor [6].
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Fig. 2. The average growth rate of diamond films as a
function of the argon gas flow.

The addition of argon provokes an increase in the di-
lution of the radicals formed at the filament. Owing to
the characteristic chemical inertness of the noble gases,

there is no reaction between the argon and the radicals
formed, and, therefore, the radicals may have a higher
lifetime, which increases the concentration of radicals at
the growing film surface, resulting in an increase of the
growth rate. Another important aspect is that the pres-
ence of inert argon may allow an increase in free carbon
bonds not bonded to hydrogen in the gas phase, inducing
an increase of the C concentration in the gas phase. The
increase of the lifetime or the increase in carbon radicals
and the increase in C concentration will contribute to the
increase in the growth rate. However, at very high argon
concentrations there is a lack of atomic hydrogen which
impedes carbon deposition on the diamond phase [5].

8.2. Raman spectroscopy analysis

Figure 3 shows typical Raman spectra of samples
grown at different argon gas flow. We observe that all
samples present a peak at 1322 cm™!, which is charac-
teristic of hybridized sp® bonds related to the diamond
structure and a peak at 1560 cm ™! which is characteristic
of hybridized sp? bonds related to the graphite structure.
The parameters of sp? line are given in Table II.

TABLE II
Parameters of sp® line.
3
Samples i
Line position [em™'| | Half width [cm™']
S1 1333.1 10.267
S2 1333.7 9.797
S3 1334.8 9.364
S4 1335.6 10.159
TABLE III

The values of stress estimated from diamond Raman
line position.

Line position of sp® o
Samples p[cm_l] P [Glga]
S1 1333.1 —0.43356
S2 1333.7 —0.67005
S3 1334.8 —1.1036
S4 1335.6 —1.41892

We observed a relative increase in peak sp? with an in-
crease of argon concentration. Observations of the slope
of luminescence curve on the Raman spectra make pos-
sible to explain the existence of defects in films.

The increase of sp? carbon phase in the diamond films
should create internal stress. The internal stress can
be estimated using theory developed by Rozptoch and
Fitzer [7], based on the harmonic oscillator approxima-
tion

7 0-)
0D = |~ 1—— )
2 oD

where Ep — Young’s modulus for diamond (1050 GPa),
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Fig. 3. Raman spectra of deposited diamond films.

vop — the diamond line position (1332 cm™1), v, — the
measured diamond line position, ¢ — the stress.

The results are presented in Table III. All samples show
a compressive stress (negative). This type of stress causes
diminution of the C-C bond and the Raman line shift to
the higher wave numbers.

4. Conclusions

This study has found that well-faceted diamond films
are produced by hot-filament CVD using up to 200 sccm
of argon in the gaseous mixture CH4 and Hs. The addi-
tion of argon induces an increase in the diamond growth
rate. Baranauskas et al. [5] suggest that these results may
be explained by the increase in dilution of the chemical
radicals by an inert gas, such as argon. Radicals dis-
sociated at the filament have a different kinetics than
they would have if they were diluted in pure hydrogen,
and thus may produce a greater concentration of free
carbon bonds at the substrate surface. The inertness of
argon also helps to increase the C concentration in the
gas phase, which may increase the diamond growth rate
or increase the deposition of graphite clusters.

The Raman analysis confirms that the faceted films
grown up to 200 sccm of Ar, are of good quality dia-
mond, while higher flows provoke an increase of other
carbon structures. From spectra analysis we obtained
different values of internal stress but for all samples we
have compressive stress (blue shift).
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