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Abstract Diamond coated hard metal is an outstanding cutting material for manufacturing. By adding
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SiC to the diamond coating material, not only the surface toughness but also the film adhesive strength
can be improved. Diamond/f-SiC/cobalt silicide composite films were deposited on Co-cemented tungsten
carbide (WC-Co) substrates by direct current plasma assisted hot filament chemical vapor deposition using
a gas mixture of hydrogen, methane and tetramethylsilane. Scanning electron microscopy, electron probe
microanalysis, X-ray diffraction and Raman scattering analyses were carried out to characterize the surface
morphology, composition and structure of the deposited films. The results revealed that the composite films
consist of diamond, #-SiC and cobalt silicides (Co,Si, CoSi). The structure and composition of the composite
films can be controlled by adjusting bias current and tetramethylsilane concentration in the gas phase.
With the increase of bias current, the grain size and content of diamond also increase, while the content of
f-SiC decrease. Since bias current enhances the secondary nucleation and growth of diamond. Although the
dissociation of hydrogen, methane and tetramethylsilane are all enhanced by electron bombardment during
the biasing process, the concentration of produced C sources is much higher than that of Si sources with the
increase of bias current. Then the growth of diamond becomes more competitive than that of g-SiC. The bias
current cannot be too high to deposit the three substances of diamond, $-SiC and cobalt silicides. By adjusting
bias and gas composition, the distribution of diamond and -SiC in the composite films was manipulated.
These results demonstrated the significance to understand and control the growth of composite materials and

super hard thin films. Such composite films can be utilized to improve the cutting performance of diamond

coated cutting tools.

Keywords

1 Introduction

Diamond possesses many unique properties
including high hardness, low friction coefficient and
high wear resistance. The performances of cemented
carbide (WC-Co) tools coated with chemical vapor
deposition diamond films can be greatly improved
during cutting or milling operations on non-ferrous
materials. However, it has been proven difficult to
deposit well-adherent diamond films on WC-Co
tools™®. The major reason is the strong catalytic
effect of cobalt contained in WC-Co substrate, which
preferentially promotes the formation of feeble
graphite®®. Moreover, the high thermal stresses
caused by the mismatch in the expansion coefficient
between diamond coating and WC-Co substrate are
formed in the diamond film at the substrate edges

thin film; bias; diamond; cemented carbide substrate; hot filament chemical vapor deposition

during the cooling down process after deposition™.
Thus, substrate pretreatments or interlayers have
been applied to solve these problems®?.

A good interlayer system should not only have
a low diffusion coefficient for both C and Co, but
also possess a low thermal expansion coefficient to
reduce the residual stress at the interface. Keeping
the above aspects in mind, different interlayer
systems, such as TiN, TiC, SiC, CrN, Si;N,, have
been deposited onto the WC-Co substrate using
either physical vapor deposition or chemical vapor
deposition techniques"®*. However, the results
are still far away from satisfactory because of low
diamond nucleation density on these interfaces,
which leads to a very low growth rate of the diamond
layer™*¥. In addition to the above issue, the poor
adhesion of diamond films also results from the
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high residual stress at the interface™"!, particularly
around a cutting edge™®, which requires a special
research attention.

Comparing with other interlayer systems, a
gradient composite interlayer with diamond as one
of the components is an effective way to enhance the
adhesion of diamond films. Because such interlayer
manipulates the thermally induced shear stress
distribution over the composite interlayer and reduces
the shear stress maximum/peak value™ ™. The
thermal stress induced in the film could be further
reduced by manipulating the distribution of diamond
and S-SiC in the composite film™*?. However, few
studies have been done on the study of understanding
and controlling the distribution of diamond and $-SiC
phases in the film. To the best of our knowledge,
this is the first work that investigates the effect
of bias on the growth process of diamond/fs-SiC
films. The application of bias to the substrate (with
respect to the filament) affects diamond nucleation
and growth and their magnitude depends on bias
amount as well as its polarity™ 2%, In this work, all
the composite films were deposited by direct current
(DC)-plasma assisted hot filament chemical vapor
deposition (HFCVD) using hydrogen (H,), methane
(CH,) and tetramethylsilane (Si(CH;),, TMS) as
reactive gases. The surface morphology, composition
and structure of the deposited composite films were
studied under different bias currents and various TMS
concentrations. The structure and composition could
finally be controlled by applying bias. The effects of bias
on the growth of composite films were also discussed.

2 Experimental

The substrates used in this study were commercially

available brazed cemented tungsten carbides YG6X
(WC-6 wt% Co) inserts. Prior to deposition, the
inserts were first immersed for 30 min in Murakami
solution (10 g K[ Fe(CN), [+10 g KOH-+100 mL
H,0)* followed by a rinse in distilled water, and
then immersed for 60 s in H,SO, (30%) + H,0, (70%)
to remove cobalt from surface followed by a rinse in
distilled water. Finally the inserts were ultrasonically
seeded for 60 min with nanodiamond particles (size
range 0 - 100 nm) suspended in water, followed by
ultrasonically cleaning in ethanol.
Diamond/p-SiC/cobalt silicide composite films
were deposited in a DC-plasma assisted HFCVD
apparatus shown in Fig. 1. There are two separate
power supplies. One is an alternating current power
for filaments, and the other is a DC power for bias.
The substrate was grounded and positively biased.
The filaments were negative as opposed to the
substrate. The diameter of the filaments was
0.6 mm. The distance between the filaments and
the substrate was 8 mm. The filament temperature
was 2 200°C, as measured by a two-colour infrared
thermometer (Raytek MR1SC). The substrate
temperature was kept at 800°C, which was measured
with a W/Re thermocouple. At beginning of
deposition, all samples were biased under the bias
current of 1.5 A with 1.5 vol% CH, in H, for 30 min
in order to enhance diamond nucleation. Then
TMS was introduced into chamber for deposition of
composite films. The total gas flow rate was kept
at 206 sccm at a pressure of 1.5 kPa. The volume
radio of CH, and H, is around 1%. The composite
films were deposited with different bias currents
under various TMS concentrations in gas phase
of 0.075 vol%, 0.15 vol% and 0.175 vol%. The
bias current was adjusted between 0 and 4.5 A. All
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the composite films were deposited for 7 h. The
thickness of composite films is about 2 um.

The whole set of samples is listed in Table 1.

Scanning electron microscopy (SEM, JSM-
5600LV) was used to characterize the surface
morphology of films. Energy dispersive X-ray
spectroscopy was utilized to perform microanalysis
in selected areas of the samples’ surface. Electron
probe microanalysis (EPMA-1600) was used to
obtain the quantitative elemental composition with
acceleration voltage of 15.0 kV and beam size of
10 pm. To determine the phase structure of films,
X-ray diffraction experiments (XRD-6000, Cu Ka
radiation, 40 kV and 30 mA) were performed in 6/20
geometry. Finally, Raman scattering (RENISHAW
inVia Raman microscope) was carried out to identify
diamond and non-diamond phases. The 632.8 nm

line of a He-Ne laser was used as excitation source.

vacuum chamber

hot filaments

\

3 Results and discussion

Figs. 2-4 show the SEM surface morphologies of
different diamond/f-SiC/cobalt silicide composite
films deposited on WC-Co substrates. In Fig. 2,
a series of composite films were synthesized at a
constant TMS concentration of 0.075 vol% in gas
phase with only a change in bias current. Fig. 2(a)
shows the morphology of composite film deposited
without bias (sample Al). The substrate appears to
be covered with g-SiC clusters in nanometer size
and a number of bigger (about 1 um) particles. Even
though XRD and Raman results (to be discussed)
show diamond in this film. Energy dispersive X-ray
spectroscopy spectra of the particles about 1 um in
size acquired in spot mode show the presence of Co
and Si only Fig. 2(a). As XRD pattern shows Co,Si and
CoSi in the film (Fig. 6(a)), the particles about 1 um
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Fig.1 Schematic diagram of DC-plasma assisted hot filament chemical vapor deposition apparatus

Table 1 List of diamond/s-SiC films deposited on cemented carbide substrates with different deposition parameters

Sample No. Al A2 A3 Bl B2 B3 Cl C2 C3
TMS in gas phase (vol%) 0.075 0.075 0.075 0.15 0.15 0.15 0.175 0.175 0.175
bias current (A) 0 1.5 3.0 1.5 3.0 4.5 1.5 3.0 4.5
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in size correspond to Co,Si and/or CoSi. Fig. 2(b)
and 2(c) show the second electron image and the
backscattered electron image of the composite film
deposited with the bias current of 1.5 A (sample A2).
As XRD and Raman results show diamond, g-SiC,
Co,Si and CoSi in this film, the dark, gray and white
areas in Fig. 2(c) correspond to diamond, 5-SiC and
cobalt silicides (CoSi, Co,Si), respectively. The grain
sizes of diamond crystallites varied from 0.5 pm to
1 um. The p-SiC crystallites are in nanometer size.
The cobalt silicides particles are about 1 um in size.
Fig. 2(d) shows only diamond crystallites in the film
deposited with bias current of 3.0 A (sample A3).
Characteristic triangular faceted diamond crystallites
from 0.5 pm to 2 pum in size can be observed
throughout the surface. In short, with the increase
of bias current, the grain size of diamond becomes

larger, the content of diamond increased, while the
content of A-SiC decreased.

Diamond/p-SiC/cobalt silicide composite films
deposited with 0.15 vol% TMS and 0.175 vol%
TMS with the increase of bias current reflect more
or less the same nature as the films deposited with
0.075 vol% TMS discussed above. Fig. 3 shows
the SEM surface morphologies of composite films
deposited with 0.15 vol% TMS in the gas phase with
only a change in bias current. Fig. 3(a) shows the
morphology of composite film deposited with the
bias current of 1.5 A (sample B1). It appears that
the substrate is covered mostly by nanocrystalline
[-SiC, though the XRD pattern shows diamond and
cobalt silicides in the film. Figs. 3(b) and 3(c) show
the second electron image and backscattered electron
image of composite film deposited with the bias

(©)15A

(d)3.0A

Fig.2 Scanning electron micrographs of composite films deposited with 0.075 vol% tetramethylsilane in gas phase with bias

currents of (a) 0 (sample A1), (b) 1.5 A (sample A2) and (d) 3.0 A (sample A3). Backscattered electron image of the composite

film deposited with 1.5 A (sample A2) is shown in (c). The energy dispersive X-ray pectroscopy spectrum of particle with

asterisk is shown in the insert
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Fig.3 Scanning electron micrographs of composite films deposited with 0.15 vol% tetramethylsilane in gas phase with

d)45A

bias currents of (a) 1.5 A (sample B1), (b) 3.0 A (sample B2) and (d) 4.5 A (sample B3). Backscattered electron image of the

composite film deposited with 3.0 A (sample B2) is shown in (c¢)

current of 3.0 A (sample B2). In Fig. 3(c), there are
three kinds of substances in different contrast. The
dark, gray and white areas correspond to diamond,
S-SiC and cobalt silicides respectively. It can be
observed that diamond crystallites are around 1.5 pm in
size, B-SiC grains are in nanometer size, and cobalt
silicides are around 1 pum in irregular shape. Fig. 3(d)
shows only diamond crystallites in the film deposited
with the bias current of 4.5 A (sample B3).

Fig. 4 shows the SEM surface morphologies
of diamond/f-SiC/cobalt silicide composite films
deposited with 0.175 vol% TMS in the gas phase
with only a change in bias current. Fig. 4(a) shows
the morphology of composite film deposited with
bias current of 1.5 A (sample C1). The substrate
appears to be covered with g-SiC crystallites in
nanometer size, though the XRD pattern shows
diamond and Co,Si in this film. Fig. 4(b) and 4(c)

show the second electron image and backscattered
electron image of composite film deposited with
the bias current of 3.0 A (sample B2). In Fig. 4(c),
dark areas correspond to diamond which are in
micron size, and gray areas correspond to -SiC
which are in nanometer size. The bright particles in
Fig. 4(c) indicate the existence of cobalt silicides
about 0.5 pum in size. For the film deposited with bias
current of 4.5 A, Fig. 4(d) indicates that the substrate
is covered mostly by diamond crystallites.

EPMA of the diamond/-SiC/cobalt silicide com-
posite films grown on WC-Co substrates shows that
there are only C, Si and Co elements in the films.
Fig. 5 shows the variation of molar fraction of C, Si
and Co in diamond/-SiC/cobalt silicide composite
films with bias currents. The variation trends of
molar fraction of C and Si with bias current are
similar with the films deposited with different TMS
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(c)3.0A (d)45A
Fig. 4 Scanning electron micrographs of composite films deposited with 0.175 vol% tetramethylsilane in gas phase with bias

currents of (a) 1.5 A (sample C1), (b) 3.0 A (sample C2) and (d) 4.5 A (sample C3) . Backscattered electron image of the
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Fig. 5

composite film deposited with 3.0 A (sample C2) is shown in (c)
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concentrations in the gas phase. With the increase
of bias current from 0 to 4.5 A, the molar fraction of
C increased as shown in Fig. 5(a), while that of Si
decreased shown in Fig. 5(b). However, there is not
a consistent trend for Co with the increase of bias
current in Fig. 5(c).

Figs. 6-8 show the XRD patterns of the composite
films deposited with different TMS concentrations in

the gas phase and various bias currents. The results

indicate that diamond, £-SiC and cobalt silicides
(CoSi, Co,Si) are deposited in the composite films
with the appropriate TMS concentrations and bias
currents. The intense WC peaks correspond to WC-
Co substrate. Fig. 6 shows the XRD patterns of
composite films deposited with 0.075 vol% TMS in
the gas phase. The composite films deposited with
bias currents of 0 and 1.5 A consist of diamond,
S-SiC, Co,Si and CoSi. The film deposited with
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Fig. 6 X-ray diffraction patterns of composite films deposited with 0.075 vol% tetramethylsilane in the gas phase with bias

currents of (a) 0 (sample A1), (b) 1.5 A (sample A2), and (c) 3.0 A (sample A3)
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Fig. 7 X-ray diffraction patterns of composite films deposited with 0.15 vol% tetramethylsilane in the gas phase with bias

currents of (a) 1.5 A (sample B1), (b) 3.0 A (sample B2), and (c) 4.5 A (sample B3)
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Fig. 8 X-ray diffraction patterns of composite films deposited with 0.175 vol% tetramethylsilane in the gas phase with bias

currents of (a) 1.5 A (sample C1), (b) 3.0 A (sample C2), and (c) 4.5 A (sample C3)

bias current of 3.0 A contains only diamond. With
the increase of bias current, the peak intensities
corresponding to diamond increase, indicating the
increase in its content in the films, while the peak
intensities corresponding to the 4-SiC phase become
weaker, indicating the decrease in its content in the
films. The XRD patterns of the composite films
deposited with 0.15 vol% and 0.175 vol% TMS
shown in Fig. 7 and 8 reflect the same nature as the
composite films deposited with 0.075 vol% TMS
discussed above. In these two figures, the composite
films deposited with bias currents of 1.5 A and 3.0 A
contain diamond, g-SiC and cobalt silicides. The
films deposited with bias current of 4.5 A contain
mainly diamond. Therefore, with the increase of bias
current, the content of diamond increases, while that
of B-SiC decreases. These results are in accordance
with the EPMA results.

Fig. 9 shows Raman spectra obtained from the
diamond/g-SiC/cobalt silicide composite films
deposited with 0.075 vol% TMS in the gas phase
with only a change in bias current. For the films
deposited with bias currents of 0 and 1.5 A, the

1

Diamond

1600 cm

Intensity (arb.units)

(b) 1.5 A

(©)30A

600 800 1000 1200 1400 1600 1800
Raman shift (cm %)

Fig. 9 Raman spectra of the composite films deposited with
0.075 vol% tetramethylsilane in gas phase with bias currents
of (a) 0 (sample A1), (b) 1.5 A (sample A2) and (c) 3.0 A
(sample A3)
diamond phonon line (at around 1 332 cm™*) appears

to be broadened.

The peak broadening is attributed to the reduction
in phonon’s lifetime that can be correlated with
the concentration of point defects in diamond
crystalline®®?”. Due to the introduction of TMS in
gas, there is a competition between the diamond and
[S-SiC crystallites to occupy the spaces available on
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the substrates. The presence of TMS does not allow
an efficient crystal growth during the deposition.
Therefore, there may be a large number of point
defects in diamond crystalline. When the bias current
is increased to 3.0 A, the diamond peak becomes
narrower than the diamond peak in the former two
cases, which can be ascribed to a well-crystallized
diamond phase®®*.

Moreover, the narrower diamond peak in Fig. 9(c)
can also be attributed to the increase in diamond
crystal size. SEM images in Fig. 2 indicate that
the grain size of diamond increases with bias
current. The peak at around 1 150 cm™* shown by
an arrow is observed in the films deposited with
bias currents of 0 and 1.5 A. This peak is assigned
to the modes associated with the segments of
trans-polyacetylene®®. It is reported that trans-
polyacetylene is formed together with nm-sized
diamond crystals®™. Therefore, diamond crystallites
in nanometer size may exist in composite films
deposited with the bias currents of 0 and 1.5 A.
The Raman spectra of films deposited with the
bias currents of 0 and 1.5 A show the peak at
approximately 1 600 cm™* corresponding to a
disorder phase of graphitic carbon®>*. This may be
caused by the presence of TMS in gas phase, which
disturbs the growth of diamond crystals, resulting in
the enhanced growth of graphitic carbon. For the film
deposited with bias current of 3.0 A, there is not such
graphitic carbon peak due to the effect of bias. The
peak with broad band near 1 500 cm™* shown by an
arrow in Fig. 9(c) is related to the disordered
sp? carbon®**!, Although SEM and XRD results
(Fig. 2(d) and 6(c)) indicate only diamond formed in
this film, EPMA results show that this film consists
of 0.210 mol% Si and 0.005 mol% Co. The disordered

sp® carbon may be caused by the small amount of Si
and Co located at the grain boundaries or other defects.
The peak at 795 cm™ ' in the films deposited with
bias currents of 0 and 1.5 A is attributed to the zone-
centre transverse optical (TO) phonon of g-SiC®**",
while there is no S-SiC peak in the film deposited with
bias current of 3.0 A. Therefore, with the increase
of bias current, the content of diamond increases,
and that of £-SiC and graphitic carbon decrease.

The experimental results demonstrate that
diamond/g-SiC/cobalt silicide composite films
deposited with appropriate bias currents and TMS
concentrations in the gas phase are composed of
diamond, #-SiC and cobalt silicides (CoSi, Co,Si).
The bias current cannot be too high to deposit the
three substances of diamond, -SiC and cobalt
silicides in the composite film.

It is evident that bias plays an important role in
the growth of diamond in composite films. With
the increase of bias current, the content of diamond
increase, and the size of diamond becomes larger.
During the biasing process, a DC plasma was formed
between the positive substrate and the negative
hot filaments. Electrons emitted from filaments are
accelerated by electric field and collided with the
substrate surface. It is proposed that the electron
bombardment enhances the dissociation of hydrogen
and hydrocarbons on the substrate surface, resulting
in the formation of radicals. The increased radicals
on substrate may enhance the grain size, growth rate
and the oriented growth of diamond particles®. With
the increase of bias current, the number of electrons
which impinge on the substrate increases and the
kinetic energy of electron is greatly enhanced. Thus
the dissociation of reactive gases including H,, CH,
used as C source and TMS used as Si source on
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the substrate surface can be largely enhanced. The
radicals which are important to diamond and S-SiC
are both increased. It is evident in Fig. 4(a) and 4(b)
that not only diamond crystallites, but also grain
size of S-SiC becomes bigger with a higher bias,
suggesting the increase of both C and Si sources.
However, the concentration of CH, in gas phase is
about 6 to 13 times as much as that of TMS (1 vol%
CH, and 0.075 vol%-0.175 vol% TMS). Hence
the mixture activated by DC-plasma HFCVD with
higher bias current could provide significantly higher
content of C source than Si source. The growth rate
of diamond becomes faster than that of -SiC. The
growth of diamond becomes more competitive than
that of g-SiC, resulting in the increase of content of
diamond in composite films.

The compositional variety of composite films
depends on the concentration of decomposed C
source and Si source. The effects of bias discussed
above indicate that the increase in concentration of
C source leads to increase in diamond content in
the film. Furthermore, when the TMS concentration
in gas phase is slightly increased, the contents of
Si sources are largely increased, because the gas
mixture activated by plasma could provide Si sources
with a higher rate®™. Then the content of -SiC is
significantly increased with the increase of Si source.
Take the films deposited at the constant bias current
of 3.0 A with only a change in TMS concentration
as an example, the film deposited with 0.075 vol%
TMS in gas phase only consists of diamond shown in
Fig. 2(d), the film deposited with 0.15 vol% TMS in
gas phase contains diamond, 4-SiC and Co,Si shown
in Fig. 3(b), and the film deposited with 0.175 vol%
TMS in gas phase contains mainly £-SiC shown in
Fig. 4(b).

It is also found that the diamond secondary
nucleation is enhanced by positive bias. Diamond
crystallites about 0.5 um in size were deposited on
the grain boundaries of typical micron size diamond
grains shown in Figs. 2(d), 3(b), 3(d) and 4(d). The
enhancement of secondary nucleation may be related
to the C-containing radicals dissociated by electron
bombardment. Samples B3 and C3 which were
deposited with bias current of 4.5 A contain mainly
diamond in the films. With the decrease of TMS
from 0.175 vol% to 0.15 vol% (sample C3 to sample
B3), the average diamond grain size seems to be
decreased shown from Fig. 4(d) to Fig. 3(d). As the
ratio of concentration of CH, to TMS in the feeding
gas increasing with the decreasing of TMS vol%, the
C-containing radicals on substrate surface increase,
resulting in the enhancement of diamond secondary
nucleation and the decrease of diamond grain size.

As a relation between the growth of cobalt
silicides and bias currents cannot be found, bias
has little effect on the growth of cobalt silicides.
The formation of cobalt silicides can be caused by
Co which diffuses from bulk and reacts with Si-
containing gaseous species. The SEM images in
Figs. 3(b), 3(c) and Figs. 4(b), 4(c) indicate that with
the increase of TMS concentration in gas phase,
the content of S-SiC increases, while that of cobalt
silicides decreases. Two reasons may be ascribed to
this phenomenon. First, the film becomes so denser
with the increase of nanocrystalline 5-SiC that there
is not enough time for Co which diffuses from bulk
to film surface and reacts with Si-containing gaseous
species. Second, the growth rate of 4-SiC becomes
higher than that of cobalt silicides with the increase
of TMS in terms of Kinetics, resulting in higher
content of #-SiC. Samples A3, B3 and C3 contain
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mainly diamond crystallites. Little of cobalt silicides
exist in these films. The high nucleation density
and high growth rate of diamond make the films so
dense that Co diffusion from the bulk is prevented.
However, cobalt may exist on the interface between
film and substrate. For the pure diamond film
deposited on WC-Co, Co could still diffuse from
bulk to the interface during the deposition. In the
case of samples A3, B3 and C3, there are no obvious
cobalt silicides in the XRD. Without the blocking
effect of cobalt silicides at interface, cobalt diffuses
easily from bulk to film surface during deposition,
which can influence the structure and quality of
diamond coating due to the strong catalytic effect
of cobalt™* Moreover, some pits are visible on
the surface of these films deposited with high bias
currents. Since the pits are not completely filled
during diamond deposition, such morphology will
lead to a reduction of the mechanical properties
which will likely act as sources of cracks during
machining™“. Thus, the bias current cannot be too
high to deposit the composite films. Furthermore,
the formation of cobalt silicides may also attribute
to the Co which diffuses from bulk and reacts
with g-SiC in the film. As Gibbs free energies of
CoSi and Co,Si are lower than that of -SiC at
the deposition temperature™?, cobalt silicides are
more thermodynamically stable than SiC. When
a thermodynamic equilibrium is achieved, cobalt
silicides appear. SEM images in Figs. 3(b) and 3(c)
indicate that cobalt silicides are formed on S-SiC
clusters in the composite films.

The composite films deposited by HFCVD were
compared with that deposited by microwave plasma
chemical vapor deposition®*. Nanocrystalline
diamond/SiC composite films were synthesized on

WC-Co substrate using microwave plasma chemical
vapor deposition. Also, cobalt silicides (CoSi,, Co,Si)
were obtained in this composite film. Furthermore,
with higher microwave power density, the quality
of diamond is higher and grain size becomes larger
due to high concentration of atomic hydrogen during
deposition. This is similar with our results that the
quality of diamond crystalline becomes higher with
higher bias current.

4 Conclusions

Diamond/g-SiC/cobalt silicide composite films
were deposited on WC-Co substrates by DC-plasma
assisted HFCVD using a gas mixture of H,, CH, and
TMS. The composite films consist of diamond, -SiC
and cobalt silicides (Co,Si, CoSi). The structure and
composition of the composite films can be controlled
by adjusting bias current and TMS concentration
in gas phase. The bias current cannot be too high
to deposit the three substances of diamond, S-SiC
and cobalt silicides. Positive bias enhances the
secondary nucleation and the growth of diamond.
With the increase of bias current, the grain size of
diamond becomes larger, the content of diamond
increases, and the content of f-SiC decreases. The
dissociation of H,, CH, and TMS are all enhanced
by electron bombardment during biasing process. As
CH, vol% is much higher that TMS vol% in the gas
phase, the concentration of produced C sources is
much higher than that of Si sources with the increase
of bias current, which results in more competitive
growth of diamond than the growth of g-SiC.
Cobalt silicides were co-existed with £-SiC due to
the Co which diffuses from bulk and reacts with
S-SiC or Si-containing gaseous species. Finally, the
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distribution of diamond and f-SiC was manipulated.
Different structures and composition can influence
the mechanical properties of films and improve the
cutting performance of diamond coated cutting tools.
In addition, by understanding and controlling the
growth of composite thin films, this work is helpful
for developing new composite materials and super
hard thin films.
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