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Abstract 
 

Diamond-like carbon/amorphous silicon bilayer films were deposited on SiO2, Ge,  and Ta2O5 
substrates using a pulsed filtered cathodic arc (PFCA) system. Amorphous silicon (a-Si) layer was firstly 
deposited on three substrates using DC magnetron sputtering, then diamond-like carbon (DLC) film was 
deposited on a-Si layer via pulsed filtered  cathodic arc. The thicknesses of a-Si layer and DLC film as 
monitored by in-situ  ellipsometry during the film deposition were 7 and 10 nm, respectively.  The surface 
energy of SiO2, Ge and Ta2O5 substrates was determined by measuring the contact angle of water on these 
substrates.  It was found that the contact angles of water on SiO2, Ge and Ta2O5 substrates were 53°, 63° 
and 75°, respectively. This result indicates that SiO2 has the highest surface energy while Ta2O5 has the 
lowest surface energy.  The thickness of a-Si layer and DLC film was determined from the cross-section 
transmission electron microscopy (TEM) images. The thinnest a-Si layer of 5.64 nm was obtained from 
SiO2 substrate which has the highest surface energy.  The thickest a-Si layer of 6.97 nm was obtained 
from Ta2O5 corresponding to the lowest surface energy.  This study shows that the thickness of the 
growth film strongly depends on the surface energy of the substrate.  However, the DLC films deposited 
on each a-Si layer of three substrates have the same thickness approximately of 9.9 nm, because all of 
them were deposited on a-Si layers having the same surface energy.  
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1. Introduction      
The diamond-like carbon (DLC) film has many attractive properties, such as high hardness, high 

wear resistance, high corrosion resistance, low friction coefficient and chemical stability[1-4].  In current 
hard disk drive technology, DLC films have been used as protective overcoat on the head and disk 
surfaces in magnetic storage devices [5-7]. The DLC film behaves as a barrier to prevent the head and 
magnetic media against wear and corrosion [7,8]. As the recording density continues to increase rapidly, 
the further reduction of the magnetic spacing between the head and disk is required and hence the 
thickness of DLC film must be reduced [7,9].  In order to further increase the storage density up to           1 
Tbit/in2, it is desirable to reduce the magnetic spacing to less than 10 nm, so as to the DLC film with 1-2 
nm thickness is needed [6,10].   

In the present magnetic storage industry, the thickness of ultra-thin DLC films has been reduced 
to ∼2 nm with a maximum storage density of about 100 Gb/in2 [7].  In the industrial processing of ultra-
thin DLC film, the in-situ ellipsometry was used for real-time process control of the film thickness. 
Tantalum pentaoxide (Ta2O5) wafer with a diameter of 2 inches was used as a substrate for film thickness 
monitoring due to high reflectivity surface. However, the real substrates used for the recording heads can 
be AlTiC, Al2O3, NiFe, Si and Ge. Therefore, it is doubtful that whether the growth rate of DLC film on 
each substrate is equal to that on the monitored Ta2O5 substrate. 

In this work, SiO2 and Ge together with Ta2O5 were used as substrates for studying the effect of 
substrate suface energy on the growth behavior of the deposited films. Amorphous silicon (a-Si) layer 
with a thickness of 7 nm was firstly sputtered on SiO2, Ge and  Ta2O5 substrates to improve the adhesion 
and strength of the DLC film. DLC film with a thickness of 10 nm was then deposited on the a-Si layer 
using a pulsed filtered cathodic arc (PFCA) system. It should be noted that SiO2 was obtained from the 
growth of native oxide on Si substrate with a thickness of ∼2 nm.  
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2. Experimental   

2.1 Pulsed filtered cathodic arc system[11]  
The pulsed filtered cathodic arc (PFCA) system used in this work (Veeco, model Nexus DLC-X) 

is shown by a schematic diagram in Fig.1. The system consists of four vacuum chambers, including (i) 
load lock chamber, (ii) transfer chamber, (iii) pre-clean chamber and (iv) PFCA chamber. All chambers 
were attached together by isolation gate valve. Each has its own turbo molecular pump to evacuate the 
chamber individually. Ionization gauges were used to measure the pressure in all four chambers. Prior to 
the deposition processing of the DLC films, all chambers were evacuated to a base pressure of about 5.0 × 
10-7 torr.  

The transfer chamber was equipped with an automated robot arm system for transferring the 
substrate from load lock chamber to pre-clean and PFCA chambers. The pre-clean chamber was equipped 
with RF ion source, 16 inch in diameter, and DC magnetron sputtering source with a target of 4 inch in 
diameter. The ion source was used for pre-cleaning of the substrate whereas the DC magnetron source 
was used for the deposition of a-Si as a seed layer. The substrate with deposited silicon layer was then 
transferred to substrate fixture in the PFCA chamber by robot arm. The PFCA chamber was equipped 
with a cathodic arc for the deposition of DLC film. 

The substrate fixtures in pre-clean and PFCA chambers are capable of tilt and rotation. 
Therefore, the a-Si seed layer and DLC film can be deposited onto the substrate at any required incident 
angle. Pre-clean and PFCA chambers were installed with a multi-wavelength ellipsometry (J.A. Woollam, 
M-2000) for in situ monitoring of the film thickness of a-Si layer and DLC film, respectively.  
2.2 Films preparation 

Three types of substrate used in the experiment were silicon dioxide (SiO2), germanium (Ge), 
and tantalum pentaoxide (Ta2O5), where Ta2O5 was used as a film thickness monitoring. The dimension 
and thickness for each substrate were 1 cm  × 1 cm and 0.5 mm. The DLC/a-Si deposition process 
consists of three steps: (i) SiO2, Ge and Ta2O5 substrates were cleaned with low energy Ar+ ion plasma 
etching for 60 seconds, (ii) a-Si layer was deposited on three substrates using DC magnetron with a power 
of 150 W and an argon gas flow rate of 40 sccm, and (iii) DLC layer was deposited on a-Si  layer using a 
PFCA system with a pulse frequency of 1 Hz, arc voltage of 900 V and coil voltage of 850 V.  The first 
two steps were carried out in pre-clean chamber while the third step was done in PFCA chamber. The 
film thickness was monitored using in-situ ellipsometry. In this work, the thicknesses of a-Si and DLC 
layers were set at 7 and 10 nm, respectively.  

 
2.3 Characterization 
2.3.1 Contact angle measurements  
 The surface energy of the substrate was analyzed with regard to contact angle measurement. It is 
well-known that wetting ability of liquid on a solid surface is controlled by atomic mechanisms occurring 
at the solid/liquid/vapor interface, depending upon the surface phenomenon between adsorbent and 
adsorbate, such as adsorption, desorption, diffusion and evaporation [12- 13]. The contact angle (ρ) can be 
used as a simple indicator for wetting ability of liquid on a solid surface, i.e. ρ < 90o and ρ > 90o 
determine wetting and non-wetting conditions, respectively. Therefore, prior to the deposition of a-Si and 
DLC films, the contact angles of water droplet on bare SiO2, Ge and Ta2O5 substrates were measured. 
 
2.3.2 Surface morphology  

The wetting ability as described above can generally be influenced by the surface roughness of 
the substrate, thus, all surface roughnesses of the substrate were examined using atomic force microscopy 
(AFM, Park Systems XE-150). The thickness of the growth a-Si and DLC films on SiO2 Ge and Ta2O5 
substrates was investigated using transmission electron microscopy (TEM, Tecnai G2 20).  Before 
carrying out the cross-section TEM image, each DLC/a-Si film was deposited with Cr. This Cr additional 
layer was used as a protective layer to prevent the passivation from ion bombardment during the sample 
preparation for cross-section TEM imaging using a focused ion beam (FIB) technique.  

 
3. Results and discussion      

For contact angle measurements, 1-μL water droplet was dropped at 5 different positions on the 
substrate surface at room temperature and 5 values of contact angle were obtained. The average values of 
contact angle of water droplet on SiO2, Ge and Ta2O5 substrates are given in Table 1. The typical 
photographs of 1- μL water droplet on SiO2, Ge and Ta2O5 substrates are shown in Figs. 2(a)-(c). As 
shown in Table 1 and Figs. 2(a)-(c), the contact angles of 1-µL water droplet on SiO2, Ge and Ta2O5 

substrates are approximately 53°, 63° and 75°, respectively. The angle also gives information on the 
surface energy of the substrate. The relation between the contact angle and surface energy can be 
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discussed based on Young’s equation and adhesive energy (the amount of energy required to separate two 
bodies). Here, the surface energy is the adhesive energy [14]. 

When separating the bodies apart, one interface at body L/body S disappears, see Fig.3(a). Two 
new interfaces, body L/ambient and body S/ambient, arise. Therefore, the total energy change per unit 
surface area in such a process is  

LSSLadhE γ−γ+γ=      (1) 
where Eadh is adhesive energy, γL is liquid-vapor interfacial tension, γS is solid-vapor interfacial tension 
and γLS is liquid-solid interfacial tension. 

If the body L is a liquid drop (Fig. 3(b)), and body S is a solid substrate, then the contact angle 
(θ) exhibited by the liquid drop at the surface of the substrate is determined by the Young’s equation [14]. 

L

LSScos
γ
γ−γ

=θ       (2) 

By combining Eq.(1) and Eq.(2), we obtain 
 
   )cos1(E LLSSLadh θ+γ=γ−γ+γ=     (3) 
 

The typical values of the surface energy of water as a function of contact angle is given in Table 
2.  It is clearly observed that the lower the contact angle, the higher the surface energy of the solid 
surface. In present study, the contact angles of water droplet on SiO2, Ge and Ta2O5 substrates are 53o , 
63o and 75o,  respectively. This result indicates that SiO2 substrate has the highest surface energy while 
Ta2O5 substrate has the lowest surface energy. The schematics in Fig.2(d)-(g) show a-Si nuclei formed as 
droplet-like cluster on the substrate of different surface energies. This assumption is based on the general 
mechanism of thin film growth [15, 16].   

Fig. 4 shows the surface morphology of bare SiO2, Ge and Ta2O5 substrates as investigated by 
AFM in tapping mode and a scanning area of 1 μm × 1 μm. The root mean square (RMS) roughness of 
the three substrate surfaces obtained from Fig. 4 is given in Table 1. The RMS roughness of SiO2, Ge and 
Ta2O5 was found to be 0.31, 2.83 and 0.33 nm, respectively. However, the results are not correlated with 
the contact angle values.   
            The growth of DLC/a-Si films on SiO2, Ge and Ta2O5 substrates was further investigated using 
TEM. Fig. 5 shows cross-section bright-field TEM images of DLC/a-Si bilayer film deposited on SiO2, 
Ge and Ta2O5 substrates, respectively. The thickness of a-Si and DLC films was determined from the 
original TEM images at 10 different positions. The average thickness of a-Si and DLC films on SiO2, Ge 
and Ta2O5 substrates is given in Table 3. It was found that the thicknesses of a-Si layers on SiO2, Ge and 
Ta2O5 are 5.64, 6.30 and 6.97 nm, respectively, whereas those of DLC layers on the a-Si layers are the 
same. To have further understanding on these phenomena, the effect of the adsorbent surface energy on 
the film-growth mechanism of a-Si layer and DLC film is discussed. 

For the a-Si layer, the difference in thickness may be resulted from the wetting ability of a-Si 
liquid on the substrate which is a function of the surface energy of the solid/liquid/gas interface. The early 
stage of a-Si film growing is an important step that affects the overall thickness of a-Si layer. This early 
stage is called nucleation stage (formation of film nucleus). At this nucleation stage of the a-Si film 
growing, Si atoms or molecules approach and accommodate on the substrate surface. The migration and 
aggregation of Si molecules along the substrate surface begin to form 2D clusters (nanocluster) 
resembling liquid droplets (or island) on the substrate [15]. The contact angle of liquid droplet at the 
nucleation stage is dependent on the surface energy of the substrate.  The higher contact angle of the 
liquid droplet offers thicker film as shown in Figs.2(c) and (e). The nuclei continue to grow as a random 
network until they coalesce [16] and the substrate surface is finally covered with a-Si layer, called an initial 
layer. Then, more Si molecules are deposited on this initial layer until the a-Si layer becomes thicker.  

The difference in the average thickness of a-Si layer on the substrates may be related to the 
difference in surface energy of the substrate as previously mentioned.           As shown in Fig. 2, the 
contact angle measurement was employed as a simple methodology to obtain information on the surface 
energy of the substrate. The lower contact angle indicates that the substrate has higher surface energy. 
The contact angles of water droplet on SiO2, Ge, and Ta2O5 substrates are approximately 53°, 63° and 
75°, respectively. It is seen in Table 3 that the thickness of a-Si layer is inversely proportional to the 
surface energy of the substrate. The thinnest a-Si layer, 5.64 nm, was obtained from SiO2 substrate which 
has the highest surface energy. The thickest a-Si layer, 6.97 nm, was obtained from Ta2O5 substrate 
corresponding to the lowest surface energy. The Ge substrate, having the surface energy in the range 
between those of SiO2 and Ta2O5 substrates, offered the a-Si layer of 6.30 nm.  

The lowest surface energy of Ta2O5 substrate leads to the thickest a-Si layer because it can build 
up more globular droplet as shown in Figs. 2(c) and (e). It is this globular droplet that affects the 
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thickness of the a-Si layer. In contrast, the highest surface energy of SiO2 substrate induces almost flat 
droplet, see Figs. 2(a) and (d) and, then, the flat droplet leads to the thinnest a-Si layer of 5.64 nm, as 
shown by cross-section bright-field TEM images in Fig. 5.   

The DLC film thickness on the three substrates, however, was approximately the same with 9.9 
nm thick, as shown in Table 3.  This is due to the DLC films grown on the a-Si layers of three substrates 
with equivalent surface energy of a-Si layers. As previous discussion on the early stage of the growth of 
a-Si layer, the growth of DLC film is also similar to that of a-Si layer. The wetting ability of DLC 
molecules on the a-Si layer from each substrate was the same. Thus, the thicknesses of the DLC films 
from different substrates was similar. Fig. 6 shows three-dimensional images of DLC films on different 
substrates obtained from atomic force microscopy (AFM, 1µm x 1µm). The values of the RMS roughness 
of the DLC films on SiO2, Ge and Ta2O5 substrates are 0.17, 0.30 and 0.31 nm, respectively. The little 
difference in the RMS roughness of the DLC films may be due to the difference in the initial roughness 
values of the bare substrates.  

 
4.  Conclusions    

The surface energy of the substrate could play an important role on the growth of    a-Si layer. 
The thickness of a-Si layer deposited on the substrate can be addressed by the wetting ability of the 
substrate surface at the early stage of the film formation. The wetting ability is inversely proportional to 
the surface energy. In this work, the lowest surface energy of Ta2O5 substrate yielded the thickest a-Si 
layer since it can build up more globular droplet of a-Si molecules at the initial step of the film growth. 
However, the highest surface energy of SiO2 substrate induced almost a flat droplet of a-Si molecules, 
consequently leading to form the thinnest a-Si layer. Unlike the a-Si layer, the DLC films deposited on   
a-Si layers of the three substrates have the same thicknesses approximately of 9.9 nm, because all of them 
were deposited on a-Si layer-coated substrates having the same surface energy. 
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Table  Captions 
Table 1 Contact angle of water droplet (1µL) and root mean square (RMS) roughness of the   bare 

substrates. The average contact angle from each substrate was measured from 5 different 
positions on the substrate surface at room temperature.  

Table 2  Relation between the surface energy and contact angle of water at 25°C, the surface tension of 
water, γL = 71.97 mN/m. 

Table 3  Average thickness of a-Si layer and DLC film, and root mean square (RMS) roughness of DLC 
film on different substrates. The thickness of a-Si and DLC films was averaged from 10 
positions in TEM image. 

 
Figure Captions 
Figure 1   Schematic diagram of pulsed filtered cathodic arc (PFCA) system. 
Figure 2    Contact angle of water droplet (1µL) on different substrates: (a) SiO2 (53o), (b) Ge (63o) and 

(c) Ta2O5 (75o). Schematics in (d)-(g) show that a-Si may form a droplet-like cluster on the 
substrate of different surface energies. Surface energy affects the shape and height of droplets. 

Figure 3    (a) One interface (γLS) at body L/body S (left) and two new interfaces  (γL and γS)  for body 
L/ambient and body S/ambient (right), and (b) the body L is a liquid   drop,  then the contact 
angle (θ) is exhibited by the liquid drop.  

Figure 4  Surface morphology of bare substrates: (a) SiO2, (b) Ge and (c) Ta2O5.  
Figure 5  Cross-section bright-field TEM images of a-Si and DLC films deposited on different 

substrates: (a) SiO2, (b) Ge and (c) Ta2O5 . Note that the thickness of SiO2 layer is only 2 nm 
due to the growth of native oxide on Si substrate. 

Figure 6  Surface topography of DLC film on different substrates: (a) SiO2, (b) Ge, and (c) Ta2O5. The 
data were obtained from AFM measurements.  

 
Table 1 Contact angle of water droplet (1µL) and root mean square (RMS) roughness of 
               the bare substrates. The average contact angle from each substrate was measured  
               from 5 different positions on the substrate surface at room temperature. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Substrate Contact angle 
(degree) 

RMS roughness, 
 (nm) 

SiO2 52.92 ± 0.89 0.31 
Ge 63.02 ± 1.52 2.83 

Ta2O5 75.30 ± 1.23 0.33 
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Table 2   Relation between the surface energy and contact angle of water at 25°C, the   
                surface tension of water, γL = 71.97 mN/m. 

Contact angle  (Degree) 
 
Eadh =   γL (1 + cosθ) (mN/m) 
 

Degree of wetting 

0 Eadh =   2 γL =  143.94 
 
Perfect wetting 
 

45 Eadh =   1.71 γL =  123.07 High wettability 

90 Eadh =   γL =  71.97 Low  wettability 

120 Eadh =  0.5 γL =  35.99 Low  wettability 

180 Eadh =  0  Perfectly non-
wetting 

 
Table 3 Average thickness of a-Si layer and DLC film, and root mean square (RMS)  
              roughness of DLC film on different substrates. The thickness of a-Si and DLC  
              films was averaged from 10 positions in TEM image.  
 

Average film thickness 
(nm) 

Substrate 

a-Si DLC 

RMS roughness, 
 (nm) 

SiO2 5.64 ± 0.14 9.91 ± 0.15 0.17 
Ge 6.30 ± 0.16 9.96 ± 0.19 0.30 

Ta2O5 6.97 ± 0.17 10.02 ± 0.30 0.31 
 
P. Limsuwan   et al. 
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Figure 6 
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Abstract. Bilayer DLC/a-Si films was deposited on germanium substrate. a-Si films was 
initially deposited as a seed layer on the substrate using DC magnetron sputtering. DLC films 
was then deposited on the a-Si layer via a pulsed filtered cathodic arc (PFCA) system. In situ 
ellipsometry was used to monitor growth in thickness of a-Si and DLC films, allowing a good 
control over growth conditions. The thickness of DLC and a-Si layers were 9 nm and 6 nm, 
respectively. In this work, the interface of a-Si and DLC layers was investigated by Raman 
spectroscopy and X-ray photoelectron spectroscopy (XPS). It was found that the SiC layer was 
formed at the interface of a-Si and DLC layers. 

 
1. Introduction 
 Diamond like carbon (DLC) consists of an amorphous form of the carbon containing both 
graphitic type bonding (sp2) and diamond type tetrahedral bonding (sp3) [1]. The properties of this non-
crystalline material cover a wide range and are intermediate between the properties of diamond, graphite, 
and hydrocarbon polymers [2]. The properties depend on the experimental parameters. Under appropriate 
deposition condition, chemically inert and optically transparent films can be prepared [3]. As the hardness 
of DLC films approaches that of diamond, at present, it has been widely used as a protective layer on 
magnetic recording head and disk media [3, 4]. DLC films are also finding applications as corrosion 
resistant coating, anti reflection and scratch proof coating on germanium and silicon optics [5]. Another 
important application of these coatings is for bearing because of their low sliding friction on the metals. 

DLC films can be prepared by various techniques, i.e. ion beam assisted deposition [6], sputtering [7], 
filtered cathodic vacuum arc [8], plasma-assisted chemical vapor deposition [9], and pulsed laser 
deposition [10]. It was reported that structure and properties of DLC films can be controlled by substrate 
bias [11, 12]. An important problem appears in DLC film deposition is the ability to control physical 
properties of the film over a substrate. Different types of substrate or substrates of different roughness 
may provide different physical properties of the film, e.g. surface roughness [13]. Moreover, the problem 
of low adherence on the substrate is also significant. The interface layer between the substrate and DLC 
films may play an important role. Castillo et al. improved the adherence of DLC films using amorphous 
hydrogenated carbon (a-C:H) and titanium nitride (TiN) as interface layer between DLC films and silicon 
substrate [14].   

In current hard disk drive technology, ultra-thin DLC films have been used for coating on both disks 
and recording heads. However, prior to DLC coating a thin amorphous silicon (a-Si) layer is pre-coated 
on the substrate to increase the adhesion between the substrate and DLC films.  

In this study, a-Si with a thickness of 6 nm was coated on germanium (Ge) substrate as a seed layer. 
Then, DLC films with a thickness of 9 nm was coated on a-Si film. The formation of SiC at the DLC/a-Si 
interface was investigated using Raman spectroscopy and X-ray photoelectron spectroscopy. 

 
2. Experimental details 
2.1. Pulsed filtered cathodic arc system  
 The pulsed filtered cathodic arc (PFCA) system used in this work (Veeco, model Nexus DLC-X) 
is shown by a schematic diagram in Figure 1. The system consists of four vacuum chambers, i.e. load 
lock chamber, transfer chamber, pre-clean chamber, and PFCA chamber. All chambers were attached 
together by isolation gate valve. Each has its own turbo molecular pump to evacuate the chamber 
individually. Ionization gauges were used to measure the pressure in all four chambers. Prior to the 
deposition processing of the DLC films, all chambers were evacuated to a base pressure of about 5.0 × 10-

7 torr. The transfer chamber was equipped with an automated robot arm system for transferring the 
substrate from load lock chamber to pre-clean and PFCA chambers.  
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Figure 1. Schematic diagram of PFCA system. 
 

The pre-clean chamber was equipped with radio frequency (RF) ion source, 16 inch in diameter, and 
DC magnetron sputtering source with a target of 4 inch in diameter. The ion source was used for pre-
cleaning of the substrate whereas the DC magnetron source was used for the deposition of a-Si as a seed 
layer.  The substrate with deposited silicon layer was then transferred to substrate fixture in the PFCA 
chamber by robot arm. The PFCA chamber was equipped with a cathodic arc for the deposition of DLC 
films. 

The substrate fixtures in pre-clean and PFCA chambers are capable of tilt and rotation. Therefore, the 
a-Si seed layer and DLC films can be deposited onto the substrate at any required incident angle. Pre-
clean and PFCA chambers were installed with a multi-wavelength ellipsometry (J.A. Woollam, M-2000) 
for in situ monitoring of the film thickness of a-Si layer and DLC films, respectively. Figure 2 shows a 
schematic diagram of PFCA chamber and cathodic arc source. 
 

 
Figure 2. Schematic diagram of PFCA chamber and cathodic arc source. 
 

 The cathodic arc source includes a high purity graphite cathode of 0.25 inch in diameter and 8 inch 
in length (99.999% purity), obtained from Poco Graphite. The arc power supply is operated in pulsed 
mode. The positive potential of power supply is connected with anode and ground. The voltage between 
anode and cathode, called arc voltage, can be varied from 0-1000 V with pulse frequency of 1-5 Hz. Since 
the distance between anode and graphite cathode is about 2 mm, it is high enough to create current 
discharge between anode and cathode. Then, graphite is vaporized at the cathode. All charge particles are 
fed into a curved 90 degree filter coil. Electrons are moved in spiral along magnetic field generated by 
filter coil, and ions will be guided due to they are charge particles. In order to improve the film thickness 
uniformity, a coil operates as a magnetic lens to focus or defocus the plasma beam. A deflection coil is 
used to raster the beam before striking the substrate. The macro particles move in strange trajectory so 
they may either leave the filter through openings gap between the turns of the coil or stick to the turns. 
Thus, unwanted macro particles and neutral atoms are filtered out and coating species reaching the 
substrate are pure carbon plasma. 

 
2.2. Films preparation   
  DLC films were deposited using the PFCA deposition method. Crystalline n-type Ge wafers 
with (100) orientation, and a dimension of 1 cm × 1 cm with a thickness of  0.5 mm were used as 
substrates.  
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The DLC deposition process consists of three steps: (1) the substrate was cleaned with low 
energy Ar+ ion plasma etching at an incident angle of 60° with respect to substrate, for 60 seconds, (2) a-
Si seed layer was deposited on the cleaned Ge substrate at an incident angle of 44° with respect to 
substrate, using DC magnetron with a power of 150 W and argon gas flow rate of 40 sccm, and (3) DLC 
layer was deposited at the normal incident angle with respect to substrate using PFCA with a pulse 
frequency of 1 Hz, arc voltage of 950 V and coil voltage of 900 V. The first two steps were carried out in 
pre-clean chamber while the third step was done in PFCA chamber. The film thickness was monitored 
using in situ ellipsometry. Figure 3 shows illustration of deposited films on Ge substrate. 

 

 
 
Figure 3. The layers of DLC films and a-Si layer on Ge substrate. 
 
2.3. Characterization 
 Raman measurements were performed using Renishaw inViaReflex Raman Spectrometer with an 
excitation wavelength of 514 nm from Ar+ ion gas laser. The laser output is 20 mW and the objective lens 
is 50x. The incident power on the sample is approximately 4 mW. The scan range was from 400 to 1900 
cm-1. 

The XPS depth profiles were recorded by PHI Quantera SXM scanning X-ray using AlKα X-ray 
source with a spot size of 200 µm. To obtain the depth profile, the DLC/a-Si (9/6 nm) film was etched 
using ion bombardment from an ion gun of 1 kV for acquiring the XPS spectrum information. 
Furthermore, the Shirly background type was used for XPS measurements. 

 
3. Results and Discussion 
 Raman spectroscopy was used to investigate the vibrational modes of carbon and silicon atoms 
due to chemical bonding, especially in SiC, in the DLC/a-Si film. The longitudinal optical (LO) and the 
transversal optical (TO) phonon modes were observed at 796 cm-1 and 972 cm-1, respectively, as shown in 
Figure 4.  

 
Figure 4. Raman spectra of coated DLC /a-Si films with a thickness of 9/6 nm.  

 
The Raman shifts located at these positions are in agreement with those reported for 3C-SiC (β-SiC) 

[15]. The prominent peak at 480 cm-1 is related to the vibrational mode of a-Si since it was used as a seed 
layer for depositing the DLC films [16]. However, no peak from crystalline silicon at 520 cm-1 is 
observed. This suggests that during the deposition of a-Si layer on the Ge substrate there is probably no 
crystalline silicon formation. In the higher wavenumber, the wide band in the 1100-1800 cm-1 region is 
related to the vibrational modes of DLC graphitic characteristics, generally consisting of G and D bands.  

 
Table 1. XPS binding energy of different bonds. 

Bond Binging energy (eV) 
C-C  284 - 284.5 
C-Si (C 1s)  282.3 - 283.7 
Si-C (Si 2p)  99.8 - 101.3 
Si-Si 99.2 - 99.6 
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Table 1 shows XPS binding energy after the resolved components in the DLC/a-Si film. The higher-
energy range of 284-284.5 eV was assigned to the bonding of carbon atoms in the DLC films. The C 1s 
and Si 2p configurations, corresponding to the bonding between carbon and silicon atoms in SiC at the 
DLC and a-Si interface, are in the ranges of 282.3-283.7 eV and 99.8-101.3 eV, respectively [17]. The 
lowest-energy one in the range of 99.2-99.6 eV corresponds to the bonding of silicon atoms in a-Si layer.  

In addition, the XPS sputter depth profile was also used to have further quantitative information on the 
SiC formation at the DLC/a-Si interface. The DLC/a-Si (9/6 nm) film was etched using ion bombardment 
for acquiring the XPS spectrum information. The actual depth for each XPS analysis depends upon the 
etching rate (sputter time) and the material being etched at any given depth. 

 
Figure 5. The XPS depth profile of DLC/a-Si films with a thickness of 9/6 nm on Ge substrate. 

 
Figure 5 shows five major spectra of depth profile ranging from DLC films (top layer), SiC (C 1s and 

Si 2p) at the DLC and a-Si interface, a-Si layer, and Ge substrate. At the sputter time of less than 5 min, 
the depth profile represents the high percentage of DLC films of more than 90%. The DLC percentage 
gradually decreases for longer sputter time and becomes 0% at 15 min. At this time, the spectrum 
corresponding to a-Si layer is initially appeared and reaches the maximum content of 38% at 16 min of 
sputter time. The peaks obtained from the bonding between carbon and silicon atoms in the C 1s (C-Si) 
and the Si 2p (Si-C) locating in between those of DLC and a-Si films, are clearly observed as a result of 
the SiC formation. They reach the maximum contents of 41%. The last spectrum profile indicates the Ge 
substrate. From Figure 5, the thickness of SiC layer can be estimated and it was found to be 
approximately 2.8 nm. 

 
4. Conclusions 
 We presented that there is the formation of SiC layer during the deposition of DLC/a-Si thin film. 
The LO and the TO phonon modes of SiC were observed at the Raman peaks of 796 cm-1 and 972 cm-1, 
respectively. The result indicates that the SiC occurred between the DLC and a-Si interface is the 3C-SiC. 
The results were also confirmed using XPS binding energy and XPS depth profile analysis. There are two 
possible bonding configurations of carbon and silicon atoms at the interface, including the C 1s and the Si 
2p which are in the ranges of 282.3-283.7 eV and 99.8-101.3 eV, respectively. 
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