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Introduction 
The paramagnetic responses of hydrogenated 

amorphous carbon (a-C:H) and amorphous 
silicon-carbide (a-SiC:H) thin films have been 
studied by several groups [1-3]. It has been 
reported that the EPR signals observed in a-SiC:H 
thin films can be attributed to a carbon related 
defect (CRD) with g = 2.0028 as well as to the 
silicon dangling bonds (SiDBs) with g = 2.0055. 
The investigations of the defects in the a-C:H and 
a-SiC:H films was mostly concentrated/focused 
on the measurements of defect densities as 
experimental conditions are varied. The influence 
of hydrogen incorporation into a-C:H and  
a-SiC:H thin films on their paramagnetic response 
and characteristics was also discussed in [1-3]. 
We present herein the study of the annealing 
treatment effect on the magnetic properties of 
defects observed in a-SiC:H thin films obtained 
by magnetron sputtering technique. The 
microstructure of the as-deposited a-SiC:H 
surface examined by atomic force microscopy 
(AFM, Nanoscope) is shown in Fig.1. One can 
readily see the nm-size surface morphology of the 
films. Large columns, 100-150 nm dia., are 
composed of finer columns with diameters in the 
range 20-40 nm. The thickness of the a-SiC:H 
layer measured by interferometer was found to be 
500 nm.  
 
Results and the discussion 

The effect of thermal vacuum annealing on the 
magnetic properties of the paramagnetic defects 
observed in a-SiC:H films was studied in the 
temperature range of Tann = 400 - 9500C. A strong 
increase in the concentration of CRDs and 
decrease in the concentration of SiDBs was 
observed in the higher temperature annealed a-
SiC:H films, which was explained by hydrogen 
effusion process occurring at Tann above 4000C [2]. 
The increase in the spin concentration of the CRD 
is accompanied by the exchange narrowing of its 
EPR linewidth due to the formation of the carbon 
clusters with ferromagnetic ordering.  

 

 
Fig. 1. AFM typical microscopic image of 

the as-deposited a-SiC:H surface.  
 

For the a-SiC:H sample annealed at the highest 
temperature used in this work (9500C) the 
temperature dependent resonance position/g-
factor anisotropy was observed for CRD EPR 
signal when the orientation of the static magnetic 
filed B was varied relative to the film plane.  

Fig. 2 shows the angular variation of the g-
factor of the CRD signal measured at 37 GHz in 
the a-SiC:H sample annealed at 9500C.  

As was seen from Fig. 2, the g-factor of the 
CRD signal shows, similar to the case of charge 
carriers in graphite materials [4], a strong 
anisotropy, which magnitude is temperature 
dependent and increases with decreasing the 
temperature.  

 

 
Fig. 2. The g-value anisotropy of the CRD spin 

resonance at different temperatures, measured in  
a-SiC:H film annealed at 9500C. 
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The angular variation of the g-factor of the 
CRD signal may be fitted with the following 
expression: g = g⊥ + A⋅cos2θ, where θ is the angle 
between the static magnetic field and the film 
plane. The value of g⊥ is independent of 
temperature and remains constant, whereas the 
anisotropy factor A is very strongly dependent on 
temperature and increases with decreasing 
temperature. It was found that g⊥ = 2.0023(2). The 
anisotropy A changes from 0.0002 at T = 300 K to 
0.0010 at T = 4.2 K. The similarity in the behavior 
of the g-factor anisotropy for the charge carriers in 
graphite-like materials and the g-factor anisotropy 
in the amorphous SiC studied in this work 
indicates that the graphite-like sp2-bonded carbon 
clusters are formed in the a-SiC:H film with 
increase of spin concentration. In accordance with 
the relationship between the anisotropy value A 
and sp2 cluster size discussed in [1], the size of  
sp2 graphite like clusters formed in a-SiC:H film 
was estimated to be below 5 nm. Taking into 
account the porous columnar morphology of the 
a-SiC:H film, shown in Fig.1, it was concluded 
that the graphitization occurs at the column surface 
oriented perpendicular to the basal plane of the film. 

Fig. 3 shows the orientation effect of the 
resonance field for the CRD signal in high 
temperature annealed a-SiC:H observed at  
140 GHz and 4.2 K with B90 > B0, where B0 and 
B90 correspond to the orientation of the magnetic 
field in-plane and normal to the film plane, 
respectively. The anisotropy of the resonance 
position/g-factor observed for the CRD EPR 
signal can serve as an evidence that 
demagnetizing field exists in the  
a-SiC:H film.  

 
Fig.3. Anisotropy of the resonance field of the 

CRD EPR signal in a-SiC:H film annealed at  
Tann. = 9500C observed at 140 GHz for variation of 
the magnetic field orientation from normal (B90) 
to the film plane (B0). T= 4.2 K. 

The demagnetizing field Bdem = – 4πMs, where 
Ms is the sample magnetization, is found to be 
equal to 4.44 Gs at 37 GHz and 11.01 Gs at  
140 GHz. It was shown that ferromagnetic 
ordering in the spin system of CRDs is 
responsible for the magnetization effect in a-
SiC:H film.  
 
Conclusions 

The effect of thermal vacuum annealing on the 
magnetic properties of CRDs observed in a-SiC:H 
films has been studied in the temperature range of 

annT =400 – 9500C. A strong increase in the spin 
concentration of CRD has been observed in high 
temperature annealed a-SiC:H films which is 
accompanied with the formation of the nanosized 
graphite-like sp2 coordinated carbon clusters. 
Taking into account the porous columnar 
morphology of the a-SiC:H film it has been 
concluded that the graphitization occurs at the 
column surface oriented perpendicular to the basal 
plane of the film. The magnetization effect 
observed in the high temperature annealed  
a-SiC:H films has been explained by the presence 
of the ferromagnetic ordering in the spin system 
of CRDs. Thus, it is described that the heat 
treatment at 9500C is an effective procedure for 
obtaining magnetization and graphitization effect 
in the a-SiC:H film. 
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