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A-C:H FILMS DEPOSITION BY SPUTTERING/CVD METHOD
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Hydrogenated amorphous carbon (a-C:H) films have been prepared by a combined magnetron
sputtering-CVD deposition method in argon/methane atmosphere. The most critical process
parameter determining the film properties is the ion bombardment occurring during depo-
sition. In the presented deposition method the ion bombardment during deposition can be
studied and controlled over a wide range. The effect of the deposition parameters (gas pres-
sure, discharge power, applied bias voltage) on the deposition rate were investigated. The
reactive radicals generated in the plasma were identified and monitored by optical emission
spectrometry (OES).

PACS: 81.05.Gc

1 Introduction

The last two decades have seen a continued growth of our knowledge of amorphous materials
and of our understanding of their properties, together with increased technological exploitation.
Hydrogenated amorphous carbon (a-C:H) films have attracted considerable attention due to their
wide range of technological uses, for example, as low wearing, hard, low friction coatings in
engineering and medical applications [1]. Amorphous carbon has particular potential in magnetic
head devices for hard disks, as a hard, low wear or anti-corrosion coating [2]. Amorphous carbon
films, both hydrogenated and hydrogen free tetrahedral (a-C), have shown to be suitable for
electronic applications in recent years [3]. Their electronic properties have raised interest for
field emission and, more recently, for dielectric applications such as low k planarisation layers
and non-volatile memories [4,5]. The potential advantage of a-C:H over other insulators lies
in the higher thermal conductivity, which becomes critical as device dimensions decrease [6].
The usefulness of semiconducting amorphous carbon films for electronic applications has been
enhanced by the demonstration of n-type doping by nitrogen and phosphorus or p-type doping
by boron [7,8].

Due to the allotropic character of carbon which can take either sp3 or sp2 electronic hy-
bridisation, the hydrogen incorporated in the material during deposition is known to control the
respective proportions of the sp3 and sp2 carbon sites, and, consequently, the network C–C con-
nection in the a-C:H films [9]. Such a microstructure, which plays a crucial role in the observed
properties, is found to be deeply dependent on the techniques and conditions of deposition [10].
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Hydrogenated amorphous carbon has been prepared by plasma deposition from hydrocarbon
gases [6,9], sputtering [3,11], cathodic arc [12,13], ion beam methods [14] and laser vapori-
sation [15]. It appears that the most critical process determining the film properties is the ion
bombardment occurring during deposition [16].

Sputter deposition has the advantage of coating uniformity with high deposition rate. Unbal-
anced magnetron sputtering can enhance ion bombardment of the substrate. In the same time,
most of the species in the discharge are neutral and are difficult to control, and may result in
disorder in the film.

The use of the methane gas in the sputtering plasma is rarely reported in the literature, despite
of the interesting films properties. Sanchez et al. [17] find an increase of the sp3 symmetric and
asymmetric CH2 IR stretching absorption peaks when the methane proportion in the plasma
increases. Thus, monitoring the plasma, the deposition parameters can be controlled during the
process to favour the diamond-like phase formation in the film. Mansano et al. [18] showed that
the deposition rate of the films increases by a factor of 6 by increasing the CH4 proportion in the
sputtering plasma. FTIR characterization showed that the films deposited with CH4 containing
plasmas are much richer in sp3 type carbon than when deposited with pure Ar plasmas.

In this work, the amorphous hydrogenated carbon deposition is presented for a combined
magnetron sputtering-CVD deposition method. The method uses a RF magnetron discharge,
with an applied DC bias voltage on substrate holder, using a mixture of argon with methane as
discharge gas. The effect of the deposition parameters (gas pressure, discharge power, applied
bias voltage) on the deposition rates were investigated.

2 Experiment

Hydrogenated amorphous carbon films were deposited by magnetron sputtering technique, using
pure graphite target, 7.5 cm in radius, and 99.99 % pure Ar/CH4 gas mixture. The magnetron
installation shown in Fig. 1.a was built in our laboratory in order to deposit thin films by DC or
RF planar and circular magnetron sputtering [19–21]. In an unbalanced magnetron, the plasma
extends over both the target and the substrate, so that the Ar ions provide both the sputtering flux
to the graphite target and the ion plating flux on the growing film. The energy and the flux of the
ions reaching the growing film surface were varied by applying an external bias voltage (from
−400 V to +400 V) to the substrate.

The deposition technique is a combination of a regular magnetron sputtering method and
of plasma assisted chemical vapour deposition. The plasma must provide the ions for target
sputtering and decompose the methane gas for a better hydrogenation of films. High flux of
neutral C atoms is achieved by placing the magnets as close as possible to the graphite target.
The configuration of the magnetic field is the critical parameter controlling the deposition rate
and the ion plating intensity [22] and is a particular property of the magnetron.

In this work, the magnetron plasma is formed using a RF-power supply (13.56 MHz) con-
nected to an electrode 8 (cathode) and grounded circular anode (3). The RF electrical field
dissociates the methane molecules to electrons, ions and radicals and excites or ionises argon
atoms. Due to their smaller masses, electrons have much greater mobility in discharge than ions.
This leads to a negative feed-back between the circular anode and the cathode. The negative po-
tential on cathode accelerates positive ions from plasma to the target what results in sputtering.
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Fig. 1. a) The sputtering system: 1 - cylindrical stainless-steel chamber; 2 - cathode; 3 - circular anode; 4 -
planar anode; 5,6 - isolators; 7,8 - electrodes; 9 - magnets; 10 - target; 11 - substrate; 12 - window; b) The
system of electrodes and their biasing.

A stabilised DC power supply (0 – ±500 V, 240 mA) connected to an electrode 7, was used for
negative or positive feed-back of the substrate, see Fig. 1.b.

Films were deposited on glass substrates at a target-to-substrate distance of 3 cm. The volu-
metric proportion between Ar and methane gas was maintained constant at 1/1. The total pressure
was adjusted between 26 Pa (0.2 torr) and 1.3 Pa (0.01 torr). The substrate temperature during
the deposition was below 100◦C for all samples. The substrates were partially masked to mea-
sure the films thickness by Tolansky instruments. The growth rate of a-C:H films was measured
as a function of pressure, discharge power and DC substrate bias. The reactive radicals generated
in the plasma were identified and analysed by optical emission spectrometry (OES).

3 Result and discussion

The deposition rate of a-C:H films is an important parameter for evaluating the efficiency of
the films deposition method and installation. The major interest of the study is to obtain larger
deposition rate, without negative influence on film properties.

Generally, the films are smooth, transparent and colourless when they are deposited at pres-
sures around 26 Pa and soft yellow when the deposition gas pressure is lowered to 1.3 Pa. For
a bias voltage bellow −200 V the bombardment of the positive ions on the substrate is very
intense and the colour of deposited films is modified to a non-transparent dark brown. For a pos-
itive bias voltage applied to the substrate, the electrons from plasma are accelerated, improving
the discharge efficiency and the methane dissociation degree. In Fig. 2 the I-V characteristics for
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Fig. 2. The I-V characteristics for the DC applied
bias voltage, for three different gas pressures.
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Fig. 3. Emission spectrum from discharge used for
a-C:H film deposition at 2 Pa, with 0 V applied bias
voltage and 70 RF power.

the DC applied voltage are presented for three different pressures. The system is acting like a
diode. When the negative applied voltage increases, the current presents a slow increasing due to
negative feed-back of the cathode. When the applied voltage on the substrate is positive, the ac-
celerated electrons lead to a rapidly increase of current intensity. In the same time, the increase of
the negative applied voltage led to a strong substrate bombardment. The film is back-sputtered,
the deposition rate is lowered and the film properties are modified. The films obtained at an ap-
plied bias voltage of −400 V are black and present a very weak adhesion to the substrate. Optical
emission spectroscopy (OES) was used to diagnose and monitor the plasma discharges generated
in a CH4 + Ar gas atmosphere, used for the a-C:H deposition. This technique has proven to be
an effective tool in determining the gas intermediate species participating in the reaction mecha-
nisms. In Fig. 3, a typical emission spectrum of the CH4/Ar discharge is shown, corresponding
to a deposition gas pressure of 2 Pa, with 0 V bias voltage and 70 W RF discharge power. The
most important features in the RF discharge are the Ar emission lines in the range of 415 nm
to 420 nm [23]. The spectrum basically presents the emission peaks corresponding to CH (390
nm and 431 nm), Hβ (486 nm), Hγ (434 nm) and C (427 nm and 392 nm) and it is an evidence
of methane decomposition. The deposition is produced from both carbon species: the sputtered
carbon and the methane carbon produced by decomposition. The presence of the hydrogen in
the plasma and in the methane radical species leads to the formation of a high hydrogenated, sp3

rich, polymer-like amorphous carbon film [21].
Another important parameter of the deposition installation is the dependence between gas

pressure and deposition power, for a constant value of the applied RF signal. The variation of the
discharge power versus gas pressure for three values of applied bias voltage is shown in Fig. 4.
When the pressure increases, the discharge power decreases. This is slower in the range of 1.3
Pa to 6.6 Pa and faster in the range of 6.6 Pa to 26 Pa. Because of the electric field generated by
the voltage applied between the anode and the cathode, the power increases slowly with voltage.

The variations of the deposition rate with the gas pressure for three values of the applied bias
voltage and a constant RF applied signal are presented in Fig. 5. The variation of the deposition
rate is similar to the variation of the discharge power (see Fig. 4) and indicates a linear increase
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Fig. 4. The variation of discharge power with de-
position gas pressure for three values of the applied
bias voltage.
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Fig. 5. The variation of deposition rate with deposi-
tion gas pressure for three values of the applied bias
voltage.

of the deposition rate with the discharge power. For this method, the variation of the deposition
rate with gas pressure is different from the case of the deposition from glow discharge, where the
deposition rate increases when the gas pressure increases. In the sputtering process, both the free
path of the deposition species and the deposition rate decrease with increasing pressure. In the
glow discharge deposition, the quantities of the film components and the deposition rate increase
with increasing gas pressure. According to these results, the sputtering method is more efficient
for thin film deposition at lower pressures.

The main reason of increase of the deposition rate with decrese of the pressure is the decrease
of the deposition power. The dependency between the deposition rate and the discharge power
(see Fig. 6) reveals the proportionality between the two parameters. The increase of the deposi-
tion rate with the positive applied voltage is due to the improvement of the discharge efficiency
and sputtering process.

The substrate bias voltage influences the deposition rate. The variation of the deposition rate
with substrate applied bias voltage is shown in Fig. 7. When the applied bias voltage increases,
the discharge power and the energy of the deposition species increase, resulting an increasing of
the deposition rate. For negative applied bias voltage, there is also another reason for decreasing
of the deposition rate, namely the back sputtering.

The deposition rates reported in this paper are similar to the results from pulsed laser depo-
sition [24] or hot filament chemical vapour deposition [25]. Using the DC magnetron sputtering
method, F. Richter et al. [26] reported values of the deposition rate about 2.5 µm/h, using much
greater values of the deposition power, cca 900 W. Values of the deposition rate in the range 1–2
µm/h are also reported for RF magnetron sputtering deposition of amorphous carbon thin films,
but for greatest RF powers (150 W) [18,27].

4 Conclusions

The most critical process parameter determining the amorphous carbon film properties is the
ion bombardment occurring during deposition. The main advantage of the presented deposition
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Fig. 6. The variation of deposition rate with dis-
charge power for three values of the applied bias
voltage.
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plied bias voltage for two values of the deposition
gas pressure.

method consists of the possibility to study and to control the ion bombardment in a wide range
during deposition.

In this work, the deposition rate of hydrogenated amorphous carbon thin films is presented for
a combination of a regular magnetron sputtering method and a plasma assisted chemical vapour
deposition. The method uses a RF discharge, with an applied DC bias voltage on substrate
holder. The obtained deposition rate is of the same order of magnitude as the reported results
for other high technology deposition methods and it is higher than the deposition rate usually
reported for RF magnetron sputtering deposition, using the same value of the discharge power.
The deposition rate is influenced by the deposition gas pressure, the discharge power and the
substrate applied bias voltage.
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