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We investigate the effects of etching gases on the synthesis of nano crystalline diamonds
grown on silicon substrate at the substrate temperature of 550 ◦ C and the reaction pressure
of 4 kPa by hot filament chemical vapor deposition method, in which CH4 and H2 act as
a source and diluting gases, respectively. N2 , H2 , and NH3 were used as the etching gases,
respectively. Results show that the optimum conditions can be obtained only for the case
of H2 gas. The crystal morphology and crystallinity of the samples have been examined by
scanning electron microscopy and X-ray diffraction, respectively.
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gas phase chemical reaction kinetics among various gas
species in a CVD reactor [30]. It is generally believed
that the main growth species in standard diamond CVD
is the CH3 radical, which adds to the diamond surface
following a hydrogen abstraction by hydrogen atoms.
Therefore, a high concentration of atomic hydrogen at
the surface in addition to CH3 radicals is a prerequisite
for successful microcrystalline diamond deposition. By
increasing the ratio of the methane in the CVD reactors
from the standard 1% of CH4 /H2 gas mixture to a 5%
of CH4 /H2 , the grain size of the films decreased from
the order of hundreds down to tens of nm [19]. Several
research works reported that it is possible to grow diamond nano crystals [3, 30, 31] and NCDs films [12, 25,
26, 32, 33] on a variety of materials such as tungsten,
titanium, silicon, and aluminum nitride using HFCVD
method. For growing diamond nanostructures, one of
the most common substrates is silicon. In this case, for
pretreatment, the substrate was ultrasonically scratching in a suspension with nano diamond powder to promote the nucleation of crystalline diamond on surface
before deposition. Type of the etching gas has a direct
influence on the quality of the nano diamond grown on
substrate [34].

I. INTRODUCTION

Diamond nano crystals and nano crystalline diamonds (NCDs) films possess high thermal conductivity,
large band gap, excellent hardness, and low friction coefficient [1–11]. These properties promise the extensive
applications of NCDs in electronics, optics, mechanics,
etc. [12]. Various techniques were pursued by numerous
researchers using plasma enhanced chemical vapor deposition (PECVD) [13–19], microwave plasma chemical
vapor deposition (MWCVD) [20, 21] and high pressure
high temperature (HPHT) [22, 23] methods for growing diamond films and diamond single crystals. The hot
filament chemical vapor deposition (HFCVD) based deposition technique is one of the most common methods
due to its low capital cost and allows the diamond deposition in a simple way, overcoming some of the limitations of the other more sophisticated chemical vapor
deposition (CVD) techniques and there are several reports for growing nanocrystalline diamond by HFCVD
system [12, 24–29]. In HFCVD, with the mixture of
methane CH4 and hydrogen H2 gases, various species
formations depend on many factors such as the temperature of the filament, system pressure, composition,
and the flow rate of the incoming gas and the extent of
the various chemical reactions on an the filament surface [25]. The gas pressure is an important parameter
for the CVD diamond growth since the gas pressure sensitively changes both the gas phase fluid dynamics and

In this work, silicon coated with gold was used as a
substrate for growing diamond nano crystals or NCD
films with (111) structure. A two-step process, including pretreatment and growth was used in this experiment. For pretreating the substrate before growth, we
just used different etching gases. Using HFCVD, we
performed the growth process with methane as a carbon
source and hydrogen as a diluting gas. We also studied
the effects of different etching gases, such as H2 , N2 , and
NH3 for growing the diamond structures, respectively.
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FIG. 1 RBS curve shows that the thicknesses of Au thin
film deposited on silicon substrate is 13 nm.

The morphology and structure of the products were investigated by scanning electron microscopy (SEM) and
X-ray diffraction (XRD), respectively.

II. EXPERIMENTS
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FIG. 2 AFM image of the silicon substrate coated with gold.
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A. Substrate preparation

Filament
Furnace

The silicon wafers (Si-P typed) were pretreated in
two steps: (i) all the substrates were cleaned by ultrasonic vibration with acetone and ethanol to remove all
the contaminants. (ii) Gold nanolayers of 13 nm thickness were deposited on the silicon substrate (10 mm×
10 mm×0.5 mm) as a catalyst by sputtering system.
The instrument used in this experiment for coating
Au nano layer was direct magnetron sputtering system. This system consists of a cylindrical glass tube
with 18 cm high and 16 cm in diameter, and two parallel disks as cathode and anode in its chamber. Argon
was selected as a sputtering gas and the operation pressure is set at 6.5 Pa. We induce a uniform magnetic
field for Au coating from outside. The applied voltage
for the magnetron sputtering system was 2 kV. Film
thickness was measured using Rutherford back scattering (RBS) technique, using He+ ion beam of 10 µm in
diameter with 2.0 MeV energy. A typical RBS spectrum
of Au thin film is given in Fig.1. Figure 2 is the atomic
force microscopy (AFM) image of the gold sputtered
substrate which shows the roughness of the substrate
after coating with gold.

B. Growth of diamond nano structures

A HFCVD system was fabricated and used in this
work for growing diamond nano crystals and NCDs
films. This system consists of a horizontal stainless steel
(S.S.316) cylinder as a reaction chamber, a furnace, and
a filament. Figure 3 shows the schematic diagram of the
DOI:10.1088/1674-0068/23/06/689-692

Gas outlet

FIG. 3 Schematic diagram of the HFCVD system.

HFCVD system. Here tungsten wires were used as filament. The substrate was placed on a substrate holder
right under the filament, where the distance between
the filament and substrate is 5 mm.
After the activation process, we feed the substrate
with source gases through a steel nozzle. To avoid the
substrate oxidation, the reaction chamber was evacuated to 133 µPa as a base pressure. After getting this
base pressure, the substrate tempreture was increased
up to 550 ◦ C, gradually. For etching the substrate, N2
gas was fed into the reaction chamber. At this time
the temperature of the filament was increased up to
1600 ◦ C. This operation was performed at 1.33 kPa
as the etching pressure for 45 min. A combination of
CH4 /H2 with 5% flow ratio was fed into the reaction
chamber. The reaction pressure and temperature of the
filament for the growth were 4 kPa and 1800 ◦ C, respectively. The time taken for the growth was 60 min. In
other cases, the same conditions were used, except the
etching gases which were NH3 and H2 . The morphology
of the NCD films and diamond nano crystals was observed by the SEM (XL30, Phillips, Holland), and the
crystallinity of the samples was studied by XRD (Cu
c
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FIG. 4 XRD pattern for the growth of diamond nano crystals on a silicon substrate with different etching gases. (a) H2 ,
(b) NH3 , and (c) N2 .
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FIG. 5 SEM image of NCD particles grown on substrate with H2 as etching gas (a) and (b). NCD films grown on substrate
with N2 as etching gas (c) and (d).

Kα, λ=0.154 nm, D/Max=2200, X-ray diffractometer)
analysis.
III. RESULTS AND DISCUSSION

Figure 4 shows XRD patterns of NCDs. The results show that the growth of the (111) diamond
nano crystals only took place at filament temperature
Tf =1800 ◦ C, and substrate temperature Ts =550 ◦ C using H2 as the etching gas. For the etching process, we
set the pressure and time at 1.33 kPa and 45 min, respectively with the flow ratio of 330 sccm. For the
growth process, we used CH4 as the hydrocarbon source
and H2 as the diluting gas with the flow ratio of 5% for
60 min. The pattern exhibits a peak at 2θ=44.45◦ for
the sample etched by H2 , which indicates the diffraction
from (111) diamond.
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 high
DOI:10.1088/1674-0068/23/06/689-692

crystal quality [31]. The XRD patterns of these samples
show that the diamond nano crystals (111) etched by
H2 have sharp and clear peaks (see Fig.4(a)). On the
other hand, for the case of NH3 as the etching gas, the
results do not show any type of growth for diamond
nano crystals (Fig.4(b)). However, when we used N2
as the etching gas, diamond nano crystals with (311)
structure were only observed (Fig.4(c)).
The SEM micrographs in Fig.5 show morphologies of
the diamond nanostructures, which were grown on the
silicon substrates. Figure 5 (a) and (b) show the SEM
images of high density diamond nano crystals grown by
HFCVD employing H2 as the etching gas. The average
size of these NCDs are 118 nm (see Fig.5(b)). Figure 5
(c) and (d) show the SEM images of these nano crystalline diamond films, grown on the Si substrate after
the etching by N2 . In Fig.5 (a) and (b), it was observed
that the NCDs grown on silicon that was etched by H2
gas had a good quality with (111) structure. According
to Scherrer formula, the grain sizes d of diamond nano
c
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TABLE I XRD results of diamond nano crystals grown on
silicon substrate with different etching gases at etching pressure of 1.33 kPa and operating pressure of 4 kPa.
Etching gasses Orientation of plane
H2
(111)
N2
(311)

∆(2θ)/(◦ )
0.196
0.720

d/nm
44.70
15.97

crystals were calculated by d=0.9λ/∆(2θ)cosθ, where
∆(2θ) is the FWHM in radians and λ is the wavelength
[35]. Further the calculated particle size for the diamond nanocrystals grown on the silicon substrate using
H2 as etching gas was less than 50 nm. The detailed
experimental conditions and results of the NCDs deposition are listed in Table I.
IV. CONCLUSION

In this work, we investigated the possibility of diamond nanocrystals growth on silicon coated with gold
using different etching gases. Using HFCVD technique,
high quality diamond nano crystals (111) were only
grown for the case of H2 as the etching gas. The best
growing conditions can be obtained for Tf =1800 ◦ C,
Ts =550 ◦ C and H2 as the etching gas. The pressure
and time were set at 4 kPa and 45 min for the etching
process. Moreover, for the growth process, we used CH4
as the hydrocarbon source and H2 as the diluting gas
with the flow ratio of 5% for 60 min. The usage of H2
and N2 as etching gases in these experimental processes
results in the production of diamond films or diamond
nano crystals with different crystallite structure on silicon substrate, respectively.
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