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ABSTRACT. Diamond coating is one of the hot research topic due to its
various industrial applications; for the diamond growth, several techniques,
such as PECVD and HFCVD, have been reported. In this paper, we investigate
the effects of different CVD techniques on synthesis of diamond crystals,
grown on silicon and aluminum substrates, at temperature of 550° C and
the reaction pressure of 30 Torr, in which CH4 and H2 act as a source and
diluting gases, respectively. The hydrogen was used as the etching gas to
enhance the diamond nucleation. As a result, we obtained a high distribution of
nanodiamond with (111) crystallite structure on gold-coated silicon in HFCVD
system. The samples were analyzed using AFM, SEM and XRD.

Keywords: Hot filament chemical vapor deposition; Plasma enhanced chemical
vapor deposition; Etching gas; NCD.

INTRODUCTION

Diamond coating is a hot research topic because of its high thermal
conductivity, large band gap, excellent hardness, robustness, low friction
coefficient and stable chemical properties [1-13]. Most of the researches
reported the growth of nano crystalline diamond (NCD) and films on silicon
substrate, scratching by diamond powder to increase the diamond nucleation
by PECVD and HFCVD techniques [13-18]. One of the suitable gases for
etching the substrate is the hydrogen. It can increase the ratio of diamond
nucleation without using diamond powder. According to some references, the
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presence of hydrogen may improve the quality of diamond films, by reducing
the graphite content in diamond films [19, 20]. It is generally believed that
methyl radicals play the most important role in standard CVD diamond growth,
by abstracting the hydrogen from the diamond surface. Therefore, a high
concentration of atomic hydrogen at the surface in addition to CHs radicals is a
prerequisite for a successful microcrystalline diamond deposition [21-26].

In the present paper, we study the effects of simultaneous HFCVD
and PECVD systems on the growth of diamond nano structures with (111)
crystallite on conductive substrates. Gold coated on silicon and aluminum was
used as the substrates in this experiment. Hydrogen gas was used for etching
treatment of the substrates. A mixture of methane and hydrogen were used for
the growing process in the both systems.

RESULTS AND DISCUSSION

XRD analysis of surface was carried to estimate the crystalline structure
of the deposits. Figures 3 and 4 show XRD patterns of diamond grown by
HFCVD and PECVD systems on substrates with 20 angles ranging from 35° to
85°. The study of the parameters show a major peak corresponding to diamond
(111) at 26=44.62° and 26=44.46°0on aluminum and gold coated on silicon
respectively, performed at Tr=1800°C by HFCVD system (Fig. 1). The same
result for the other aluminum substrate obtained in PECVD system at 26=44.50°
but here the hydrogen plasma was used for etching the substrate (Fig. 2a).
However, we cannot see the diamond peak of (111) crystallinity in the last
sample, made by PECVD, but the pattern displays a peak with 26=41. 91°
indicating the diffraction from (101) diamond (See Fig. 2b).
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Figure 1. XRD pattern for diamond crystals grown by HFCVD system:
(a) Al substrate and (b) Gold coated on silicon.
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Figure 2. XRD pattern for diamond crystals grown by PECVD system:
(a) Al substrate and (b) Gold coated on silicon.

One of the best factors for crystallite quality is Full Width Half Maximum
(FWHM) of the XRD patterns. In fact, sharp peaks with small FWHM indicate
a high crystal quality [28]. The sharp peaks with small FWHM in Al samples
confirm this idea. But a better result in Al sample refers to the sample grown
by HFCVD system. The high ratio of reactive gases is the essential parameter
for growing diamond nano crystals. Because of the hot filament in HFCVD
system, the ionization rate of the reactive gases is much higher than in the
case of plasma system of PECVD. On the other hand, in PECVD, in the case
of gold coated on silicon substrate, different types of diamond crystals were
obtained when different CVD systems were used. The SEM micrographs, in
Fig. 3, show the morphology of diamond nano and micro structures, grown on
aluminum and gold coated on silicon substrates.

As we can see, diamond single crystals grow in the case of Al substrate,
in both the systems (Fig. 3(a)-(b)), whereas a high comparative distribution of
nano crystalline diamond can be observed in the case of using gold coated
on silicon (Fig. 3(c)). Fig. 3(d) shows some dendritic structures which led to
crystals with a regular distribution of nano and micro diamond crystals.

According to Scherer formula, the grain size (T) of diamond crystals
is calculated by T=0.9MA(20) cos 6, where A(20) is the FWHM in radians and
A is the wavelength in nm [29].
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Figure 3. SEM images of nano and microcrystalline diamond grown on:
(a) Al substrate by HFCVD, (b) Al substrate by PECVD, (c) Si coated by gold
substrate by HFCVD, (d) Si coated by gold substrate by PECVD.

Table 1. Result of XRD studies for diamond crystals grown on gold coated
on silicon and aluminum substrates.

Sample Orientation of plane A(20)(deg) T(nm) |
Si(HFCVD) [111] 0.196 44.70
Si(PECVD) [101] 0.136 66 |
Al(PECVD) [111] 0.15 57.75
Al(HFCVD) [111] 0.09 106.61 |

The calculated grain size for the diamond crystals grown on the
silicon and aluminum substrates measured less than 110 nm. Detailed data
for the grain size of the diamond were listed in Table 1.
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CONCLUSIONS

In this work, growth of diamond nanocrystals with orientation in (111)
plane on gold coated on silicon and aluminum was investigated by two different
CVD techniques. Using HFCVD technique, diamond nano and micro crystals
with (111) crystallinity were grown on Al and Si substrates. By PECVD technique,
a high quality (111) diamond was obtained on Al substrate and (101) diamond
crystals on gold coated on silicon. The XRD patterns shown a good quality
for the diamond structures grown on aluminum in both techniques, as proved
by high intensity and small FWHM in diamond peaks; however, the high
concentration and distribution of the diamond nanocrystals on the substrate
with lower grain size of the particles were obtained in gold coated on silicon
substrates, synthesized by HFCVD. It was proved that the ionization rate of
reaction gases has a great influence on diamond nucleation. This is achieved
in the case of HFCVD, the hot filament providing a high concentration of
ionized gas. It was shown that the usage of H, as etching gas in different
CVD methods results in diamond nanocrystals, with high concentration of
distribution and crystalline quality, on gold coated on silicon substrates.

MATERIALS AND METHODS

Silicon wafers [Si-P typed] with (10mmx10mm) and aluminum (5mm x
5mm) with 99.99% purity were used as substrates in this experiment and
pretreated in two steps. For aluminum pretreatment, all the substrates were
polished with diamond paste to obtain a smooth surface. Before loading into
deposition chamber, the Al substrates were ultrasonically cleaned in a bath
of acetone, ethanol and de-ionized water for 15 minutes. The Si samples were
ultrasonically cleaned with acetone and ethanol for 15 minutes and a gold
nanolayer of 13nm thickness was deposited on the silicon substrate as a catalyst
nano layer. Gold deposition was made by a direct magnetron sputtering system,
consisting of a cylindrical glass tube and two parallel disks as cathode and
anode in its chamber in which a uniform magnetic field was induced for Au
coating from outside. In this case, the applied voltage was 2000 V. The argon gas
was used as a sputtering gas and the operation pressure was set at 5x102
Torr. Figure 4 represents the 2D and 3D Atomic Force Microscopy (AFM) image
of the gold sputtered substrate; the roughness of the substrate after coating
with gold can be seen. The average roughness for the gold coated on silicon was
8.33 A°; this was 15.5 A° for Al polished by diamond paste.
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Figure 4. AFM image of the: (a) Aluminum polished by 1um diamond paste;
(b) Gold coated on silicon substrate.

Deposition of diamond structures carried out in the Hot Filament
Chemical Vapor Deposition (HFCVD) and Plasma Enhanced Chemical
Vapor Deposition (PECVD) systems. The HFCVD system consists of a gas
dispersion system inside a horizontal stainless steel (S.S.316) cylinder as a
reaction chamber, a filament network, and an aperture support plate for the
substrate (Fig. 5(a)).

The parallel tungsten filaments were employed for activation of gas-
phase reactions. The Si coated by gold nanolayer and Al substrates were placed
5mm below to five 0.5mm diameter hot filaments. After the base pressure
reached to near to 10 Torr, the substrate temperature and the temperature of
the filament increased up to 450°C and 1600°C, respectively. The hydrogen gas
was used for etching the substrates to enhance the diamond nucleation. The
H. gas was fed into the reaction chamber, at 10 Torr, as the etching pressure,
for 45 minutes. For growing the diamond structures, a combination of CH4/H> with
5% flow ratio was fed into the reaction chamber. Prior to diamond deposition, a
carbonized interlayer was formed. This layer plays an important and complex
role in the diamond nucleation [27]. The reaction pressure and temperature of
the filament, for the growth process, were 30 Torr and =1800°C, respectively; the
time taken for the growth was 60 minutes. These conditions were preserved for all
the samples herein studied. We have done the same experiment in parallel with
PECVD system to compare the result of diamond deposition by different CVD
methods.
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Fig. 5(b) shows the schematic diagram of the DC-PECVD system. After
the chamber was pre-evacuated by rotary pump, the base pressure of the system
was kept at 1x10-2 Torr. The substrate was placed on a furnace right under the
anode. The applied voltage and current were 400 V and 25 mA, respectively.
The other experimental conditions were same as in the case of HFCVD system.
The temperatures of the substrates in both systems were monitored by two
thermo-couples, separately.
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Figure 5. Schematic diagram of: (a) the HFCVD and (b) PECVD, systems.

The morphology of the diamond structures was observed by SEM
(XL30, Phillips, Holland), and the crystallinity of the samples was studied by
XRD (Cuka, A=0.154nm, D/Max=2200, X-ray diffractometer) analysis.
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