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       Amorphous hydrogenated silicon carbide (a-
SiC:H) films possess unique optoelectronic and 
mechanical properties [1.2] and are finding 
applications in optoelectronic devices and in  
protective and wear-resistant coatings [1].  Plasma-
enhanced chemical vapor deposition (PECVD) is 
the most commonly used technique to synthesize 
silicon carbide films. It is this method that enables 
one to deposit SiC films that are able to combine 
good mechanical properties with semiconducting 
behavior [2,3]. 
        In this work we investigate the effect of 
substrate bias (UD) on the structural and 
mechanical properties of a-SiC:H  films prepared 
by the PECVD method. The films were deposited 
using methiltrichlorosilane (MTCS, CH3SiC3) as 
the main precursor. The values of UD were varied 
from 0 to -300 V. The substrate temperature and 
discharge power were  300 - 350 0C and 
0.6 W/cm2, respectively. The ratio of gas flow rates 
H2:MTCS+H2 was 5. The reactor pressure was set 
to the value of 0.2 Torr. The thin coatings 
(~0.2 μm) were deposited during 45 min. Prior to 
each deposition process, the system was cleaned by 
argon plasma. The substrates were (100) boron-
doped silicon crystalline wafers. The substrates 
were immediately placed on the lower electrode of 
the PECVD system, after cleaning in the 10% 
water solution of HF, rinsing in deionized water. In 
addition, before the deposition, the substrates were 
etched by hydrogen plasma for 5 min.  
        Film composition was examined with the help 
of an JAMP-10S Auger spectrometer (JEOL, 
Japan).  Film thickness was measured using an 
Alpha-Step 200 microprofilometer (Tencor 
Instruments, USA) and a calowear tester (for 
preliminary estimation of film thickness). Film 
surface morphology was studied with an atomic 
force microscope (AFM, Nanoscope IIIa). Infrared 
absorption spectra were measured using a 
spectrometer SPECORD-80. Structural analysis 
was carried out with a X-Ray difractometer 
DRON-2 (USSR). Sharp indentation experiments 
were performed on a Nano Indenter IITM (MTS 
Systems Inc., Oak Ridge, USA). To estimate 
abrasive wear resistance, the thin films were tested 
with a calowear tester using a ball of hard steel 

rotating against a sample in the presence of 
diamond paste (0.1μm). The wear craters were 
analyzed with a Non-Contact High Resolution 
Profilometer “Micron-alpha” (Ukraine). 
       Auger analysis showed that thin films 
consisted of about 50-60, 30-40 at% of silicon and 
carbon, respectively and up to 5 at% of and 
oxygen. The trace of chlorine, up to 0.5 at% was 
also detected. 
        An analysis of the X-ray diffraction spectra of 
the films deposited on the Si(100) substrate 
showed that  the films were X-ray amorphous. 
        Fig. 1 shows the AFM topography of the 
films deposited with UD=0 and -100 V. An analysis 
of the surface morphology of both the samples 
shows that the film surface consists of semi-
spherical features. An application of substrate bias 
leads to refining semi-spherical objects.  
 

 
 

Fig. 1. AFM images of a-SiC:H films 
deposited at UD=0 (a) and UD=-100 V (b). 
 
        Fig. 2 summarizes the effect of substrate bias 
on the nanohardness (H), elastic modulus (E), ratio 
H/E and wear resistance relatively that of the 
silicon substrates (k). One can clearly see that both 
the nanohardness and elastic modulus increase 
with lowering UD up to -200 V and then show 
different behavior: H increases, whereas E 
decreases. The ratio H/E reaches the plateau after 
UD = -200 V, and the wear resistance coefficient k 
increases with decreasing substrate bias. These 
results indicate that the a-SiC:H films deposited at 
UD ≤ -200 V exhibit the best mechanical 
properties. 
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Fig. 2. Nanohardness (H), elastic modulus (E), 

ratio H/E and wear  resistance relatively that of the 
silicon substrates (k)  as functions of substrate  
bias UD. 
 
       To gain insight into the physics of the 
observed dependences we have measured infrared 
absorption spectra of the films deposited at various 
substrate biases.  The infrared spectra are shown in 
Fig. 3. The changes in the chemical bonding of a-
SiC:H films were studied in the range of 
wavenumbers of 400 – 1400 cm-1. The strong 
feature near 800 cm-1 represents mainly Si-C 
stretching vibrations, whereas the band around 
1000 cm-1 is due to Si-(CH2)n-Si bending or 
wagging vibrations and Si-O vibrations [2]. The 
band around 1000 cm-1 drastically decreases as UD 
lowers, whereas the band around 800 cm-1 
becomes more prominent. This means that the 
films lose the bonded hydrogen and oxygen as 
substrate bias decreases. Hydrogen fragments can 
point to the presence of micro-voids. On the other 
hand, the enhancement of Si-C vibrations indicates 
an increase in the number of Si-C bonds. Both 
these factors promote the densification of a-SiC:H 
films [4]. As a result, the films deposited at high 
negative substrate biases exhibit higher mechanical 

characteristics compared to those of the low biased 
films. This can be also the main cause of the 
increased values of the abrasive wear resistance of 
the high-biased films. In the favor of the 
enhancement of wear resistance speaks also the 
small size of the semi-spherical objects at the 
surface of the high-biased films (cf. Fig. 1).         

 
 

Fig. 3. Infrared absorption spectra of a-SiC:H 
films deposited at various substrate biases UD. 
 
       In conclusion, the results of this investigation 
show that a-SiC:H films deposited at high negative 
substrate biases are promising as wear-resistant 
coatings.  
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