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Abstract. In this study, unbalanced magnetron sputtering approach was used to prepare SiC film by 

using high-purity Si target. SiCO films were synthesized by reactive radio-frequency sputtering from 

a SiC target with oxygen gas. Nano-indentation and scratch test were used to study the mechanical 

properties of SiCO film at different sputtering power. According to the experimental results, 

optimums of Young’s modulus, surface roughness and adhesion strength present at an optimal 

sputtering power. 

Introduction 

Silicon carbide is the third generation of wide band gap semiconductor material with low density, 

high thermal conductivity, low thermal expansion coefficient, high hardness and excellent 

performance, the reference [1-2]. In addition, there are excellent optical properties of SiC thin film is 

a kind of optical film with more research value, but the SiC thin film in the visible light region has a 

certain absorption effect [3], and silicon oxide (SiOx) has high optical transmittance, and has the 

properties of silicon carbide films with similar, the protective film can be used as optical components 

[4-5]. SiCO film is a ternary glassy compound materials, at the same time with silicon carbide films 

and silicon oxide thin films [6-7] many excellent characteristics, such as good thermal stability, 

bandwidth, refractive index, high hardness, high thermal conductivity, which is a novel optical film 

has potential application value. 

Similar to other compound thin film, silicon oxycarbide films belong to metastable materials, have 

a great relationship with the performance, film composition and bonding state and the preparation 

method, and can adjust the performance of these films by controlling process parameters. Preparation 

method of silicon oxycarbide thin film are the most commonly used plasma chemical vapor 

deposition (PECVD) [8-10] RF magnetron sputtering and ion beam synthesis [11] . 

In this experiment, we used magnetron sputtering method, and SiCO thin films were prepared 

under different sputtering power. Then, detecting the nanomechanical properties by using the scrath  

test method, nano indentation test method, in order to test the influence of different sputtering power 

on the mechanical properties of SiCO thin films. 

Experimental Procedure 

In this study, the utility of domestic JSD450-III high vacuum magnetron sputtering machine, 

fabrication of transparent SiCO films by DC sputtering. The SiC target with purity of 99.99%, was 

used as the substrate of monocrystalline silicon wafer. The first pre cleaning of silicon wafer, and then 

dried in a vacuum drying box. A sputtering target substrate distance of 6 cm, sputtering in argon 

environment, during sputtering process, the substrate temperature is 400 DEG C, the sputtering 

pressure is 0.3Pa, the base substrate to maintain uniform rotation, each experimental diffraction time 

is 120min. The sputtering power as design variables, 150W, 200W, 300W. 
In order to ensure the reliability of the experiment, the elimination of interference factors, 

experimental materials and experimental equipment prior to pre cleaning. Silicon substrate cleaning 
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cleaning method using RCA traditional semiconductor technology [12]. RCA cleaning fluid in 
twentieth Century 60's, RCA engineers Warner Kern development, is the cleaning process for the two 
step, to remove silicon surface organic and inorganic residues. A 1 standard cleaning liquid (RCA-1) 
is composed of mixed solution of deionized water, hydrogen peroxide and ammonia, can remove 
organic residues; A 2 standard cleaning liquid (RCA-2) is composed of deionized water, hydrogen 
peroxide and hydrochloric acid, can remove residual alkali metal ions, metal hydroxide and complex.  

When the first cleaning with RCA-1 cleaning liquid ultrasonic cleaning for 5 minutes, then washed 
several times with deionized water, and then RCA-2 cleaning liquid ultrasonic cleaning for 5 minutes 
with deionized water washed several times. In the film before, but also for the ion beam sputtering 
cleaning of the substrate under high vacuum conditions. The primary function of cleaning is to 
remove the impurity particles deposited on the surface of the substrate, the substrate surface 
completely exposed atoms true. Ion bombardment can activate the substrate surface atoms, improve 
the polarization of substrate surface atoms, thus shortening between the deposited atoms and substrate 
atoms on the surface of the distance, improve two kinds of inter atomic binding energy, enhance the 
adhesion of the film to the substrate. At the same time, we will at the same time each experiment 
experimental samples prepared with three pieces of the same parameters, the late performance of 
different samples were measured and averaged, in order to ensure the reliability of the experimental 
results. 

Results and Discussions 

From Fig. 1, we can see when the sputtering power is 300 w, the surface roughness of the 
experimental film is minimal, and with the increase of sputtering power, the surface roughness of the 
experimental films increased first and then decreased. This is because when the power is small, With 
the increase of sputtering power, make the most of the sputtered particles with high energy, these 
particles will accelerate the impact to the surface of the films, make defects in the impact point to 
increase the surface roughness. While power continues to increase, from the target sputtering of Si 
and C particles increase, so as to make the film deposition rate increase, to improve the density of thin 
film, reduce the defect density in the thin film to reduce the surface roughness of the film. 

 
(a) 150W                                   (b) 200W                               (c) 300W 

Fig. 1 Under different sputtering power, 3 D surface topography of the thin film 

 

Fig. 2 The load displacement curve under different sputtering power 
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Nano-indentation test is widely used to evaluate the mechanical performance of nano-materials and 

micro-structures. Fig. 2 shows the displacement-load curves for the samples. All the samples has 

obvious horizontal displacement after unloading, this show that all experimental samples have 

undergone plastic deformation. According to the image we can clearly observe when the load is same, 

the deformation of experimental sample which Sputtering power is 200W is the smallest, while the 

deformation of experimental sample which Sputtering power is 300W is the largest. 

 

Fig. 3 The young's modulus under different sputtering power 

As shown in Fig. 3, the young's modulus of experimental samples which sputtering power is 200W 

is the largest and the young's modulus of experimental samples which sputtering power is 300W is the 

smallest, thus we can draw a conclusion as the experimental sputtering power 200W thin film 

resistance deformation ability was the strongest, this is due to the influence of sputtering power key in 

the film is not big, but for the absorption of various key strength has great influence, the greater the 

sputtering power, the stronger the intensity of absorption of various keys, this has a great relationship 

with influence of sputtering power on film thickness. Sputtering power increase, making the film 

thickness increases, increased levels of various key, to the number of the corresponding wave 

absorption enhancement, the content of the C-O bond formation is also higher, so the modulus of 

elasticity is large. And the sputtering happens when power is too large, it will cause damage to 

membrane thus resulting in a decline in the mechanical properties of the film itself. 

 

Fig. 4 The critical load under different sputtering power 

Here we use acoustic emission detection method to test the binding force between the film and the 

substrate. The critical load values of measured membrane rupture occurs for the first time is the 

binding force between film and substrate material value. As we can see from fig. 4 sputtering power is 

300 w experiment the critical load of the sample is the largest, and the sputtering power is 200 w 

experimental sample critical load is small. Therefore, we can draw the conclusion: with the increase 

of temperature, the surface of the film and the adhesive strength increased first and then decreased. 
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This is because with the increase of sputtering power,  the surface roughness of the films will be 

affected accordingly, when the surface roughness of the films decreases, the gap between the film and 

substrate is small, uniform film adhesion, so the film / substrate binding force is large. While the 

surface roughness of the films is larger, increasing the gap between the film and substrate. which leads 

to the decrease of the bonding strength with the matrix material, thus the performance of the film / 

substrate surface binding force decrease. 

Conclusion 

This experiment is SiCO films were prepared by magnetron sputtering, and then through the 

scratch test and nano-indentation test method to test out the influence of different sputtering power on 

the nano mechanical properties of SiCO thin films. The conclusion will be applied to the actual 

production and life, improve product performance, expand the actual application range of SiCO thin 

films. In terms of elastic modulus of the film itself, with the increase of sputtering power its 

performance after rising downward trend; but with the increasing of temperature, the surface 

roughness of the films increased first and then decreased, and decreased the membrane/adhesion is 

also a corresponding rise after. This is because with the increase of sputtering power, increase the 

content of various keys, the corresponding wave absorption enhancement so that the performance of 

the films improved, and too much power will cause the performance of anti sputtering thin film effect.  
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