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Abstract: The test scheme of the magnetron sputtering CNx films was designed with the method of 
orthogonal experiment. The white-light interferometer was used to measure the surface morphology 
of CNx films. The effects of target current, duty ratio, nitrogen pressure, and bias voltage on surface 
roughness were investigated simultaneously. The weight orders of the influence of the above factors 
on the surface roughness of the film were obtained by means of range analysis and levels change 
trend chart. The results indicate that nitrogen pressure has the most significant effect on the surface 
roughness. According to the analysis, the optimum process parameters of CNx film prepared by 
magnetron sputtering were obtained, and the surface roughness of the CNx film prepared by the 
parameters was measured. The experimental results show that the film with the process parameters 
according to orthogonal test analysis has smaller surface roughness. 

1. Introduction 

CNx films have a good application prospect in industrial production and biomedicine for its excellent 
properties [1, 2], such as the high hardness, low friction coefficient, good biocompatibility, wear 
resistance, and so on. Many studies have shown that the process parameters and the preparation 
technology have a great influence on thin film structure and friction performance. Yang Fang-er and 
her team had done a lot of research to study the effects of deposition pressure, deposition bias, target 
distance and other parameters on the film structure [3]. However, their research is only limited to the 
single influencing factor, which lacks analysis of the parameters of the common changes under the 
comprehensive influences on their performances [4, 5]. Different process parameter on the film 
performance plays an important role. Therefore, attach great importance to the study of technological 
parameters, is of great significance for CNx film production applications. 

The friction and wear property is one of the most important features of CNx films, and the level of 
the surface roughness has a significant effect on the friction and wear performance. The influence of 
various parameters on surface roughness of the film should be ordered, because it can effectively 
improve the friction and wear properties of thin films through preparation process. In this paper, the 
magnetron sputtering CNx films is used as the research object. The target current, duty ratio, nitrogen 
pressure, and bias voltage were selected as parameters. The effects weights order of different factors 
on the surface roughness were studied by orthogonal design. 

2. Experimental 

2.1 Preparation of CNx films 

The CNx films were grown on Si(100) substrates with DC magnetron sputtering, as schematically 
shown in Fig. 1. The uniformity of deposition film was ensured by controlling the sample stage rotate 
at a constant speed. In this experiment, only one of two graphite targets was used considering to the 
size and quantity of samples, so that the film uniformity and coating efficiency can be guaranteed. 

4th International Conference on Machinery, Materials and Information Technology Applications (ICMMITA 2016) 

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Computer Science Research, volume 71

530



The size of silicon wafer was 12 mm × 12 mm and the thickness was 0.5 mm. Firstly, the silicon 
wafers were ultrasonic cleaned with acetone and ethanol for 20 min, respectively. Thereafter, the 
vacuum chamber was cleaned to remove the impurities in it. A base pressure of less than 5.0×10-4 Pa 
was achieved in the chamber using a turbo-molecular pumping system. The silicon wafers were 
cleaned in vacuum chamber at a pressure of 2 Pa argon and voltage 800 V for 10 min to remove the 
impurities on the surfaces. Finally, the CNx films were deposited under the deposition parameters. 
The sample should be kept in vacuum chamber over 3 h to cool down. The white-light interferometer 
was used to observe the surface morphology and calculate the surface roughness then. 

 

Fig. 1 Schematic diagram of the magnetron sputtering system 

2.2 Orthogonal design 
Target current, duty ratio, nitrogen pressure, and bias voltage (with A, B, C, D) were chose as the 

orthogonal test factors. A variety of forms were achieved through taking the corresponding value of 
these four factors. The orthogonal experiment factor level was shown in Table 1. Three levels were 
chose considering to the test time and materials.  

 
Table 1 The orthogonal experiment factor level table 

Levels 
A B C D 

Target current/A Duty ratio Nitrogen pressure/Pa Bias voltage/V 
1 0.5 20% 0.4 -100 
2 1.0 50% 0.6 -200 
3 1.5 80% 0.8 -300 

 
During testing, the collocation of various levels should be balanced to each factor in this 

experiment. Under the condition of without affecting the experimental results, test times should be 
reduced as much as possible [6, 7]. A orthogonal test table of L9(34) was chose to finished this 
experiment, the design schemes and test results were shown in Table 2. In the orthogonal table, each 
column of different number had same occurrence, a scheme of nine tests was arranged according to 
the collocation of factors and levels. The surface roughness of CNx films was achieved with 9 kinds 
of process parameters and they were obtained with white-light interferometer.  
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Table 2 The orthogonal design schemes and test results 

Number 
1 2 3 4 

Surface roughness(Sa)/nm 
A B C D 

1 1 1 1 1 5.73 
2 1 2 2 2 8.97 
3 1 3 3 3 21.90 
4 2 1 2 3 5.61 
5 2 2 3 1 44.60 
6 2 3 1 2 5.08 
7 3 1 3 2 10.90 
8 3 2 1 3 3.32 
9 3 3 2 1 6.80 

3. Results and discussion 

3.1 Surface morphology 

The surface morphologies of CNx films observed by white-light interferometer were clearly shown 
in Fig. 2. It can be found that the surfaces of all films are smooth with only a little granular impurities. 
The values of surface roughness Sa are shown in Table 2. According to the results, the surface 
roughness value ranges obviously and it shows that the influence of different process parameters on 
the film surface structure is significant. 
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(a)                                               (b)                                                  (c) 

   
(d)                                               (e)                                                  (f) 

   
(g)                                                 (h)                                                 (i) 

Fig. 2 Surface morphology obtained by white-light interferometer 
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3.2 Range analysis 
The method of range analysis was used to analyze the surface roughness of CNx films, as shown in 

Table 3. The K1, K2 and K3 in the table represent the sum of surface roughness values of each factor 
in same level respectively. The k1, k2, k3 are the average of surface roughness of these three levels, 
and R is for the range. It was found that Rc＞Rb＞Ra＞Rd on the basis of the results. It means that the 
influence of nitrogen pressure on the film surface roughness is the largest among the four factors, and 
the ranges of other three factors have no obvious difference. It indicates these three factors have little 
influence on surface roughness. For thin film, the smaller the value of surface roughness, the friction 
performance is better, so the process parameters would be chose when the film deposited with it had 
lesser value of surface roughness. It was suggested that the best combination of process parameters is 
A3B1C1D2 with the target current 1.5 A, duty ratio 20%, nitrogen pressure 0.4 Pa, bias voltage -200 
V. 

 
Table 3 The range analysis table 

 
1 2 3 4 
A B C D 

K1 36.60 22.24 14.13 57.13 
K2 55.29 56.89 21.38 24.95 
K3 21.02 33.78 77.40 30.83 
k1 12.20 7.41 4.71 19.04 
k2 18.43 18.96 7.13 8.32 
k3 7.01 11.26 25.80 10.28 
R 11.42 11.55 21.09 10.72 

 
The best combination of process parameters A3B1C1D2 had not appeared in the orthogonal test. 

Therefore, another CNx film was deposited with the process parameters to verify the result by 
orthogonal test. Fig. 3 indicated the surface morphology of the film and it had a better surface 
roughness of 2.78 nm. It can be concluded that the analysis based on orthogonal test is correct 
because of the better surface roughness according to the result of white-light interference. 
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(a)                                                                           (b) 

Fig. 3 Surface morphology (A3B1C1D2) 

3.3 Visual analysis 
The optimization solutions obtained through orthogonal experiment would not necessarily appear 

in the orthogonal experiment of combination usually. Factor levels change trend chart can be used to 
judge the influence of each factor besides range analysis [8]. According to average test results of 
various factors in the same level, using the level of the various factors affecting the film surface 
roughness as the abscissa and each level of the corresponding test results as the ordinate, the factor 
levels change trend chart was shown in Fig. 4. It showed that the better process parameters making 
the film surface roughness Sa the smallest is A3B1C1D2, the same as the result of range analysis.  

 

    
(a)                                                       (b) 

    
(c)                                                      (d) 
Fig. 4 Factor levels change trend chart 
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4. Conclusion 
(1) CNx films were deposited on Si(100) substrate using magnetron sputtering and white-light 
interferometer was used to observe the surface morphology of the films. The results show that the 
surface roughness Sa range from 3.32 nm to 44.6 nm.  
(2) Orthogonal experiment was arranged to analyze the process parameters. The results show that the 
parameters affect the film surface roughness in the following orders: nitrogen pressure, duty ratio, 
target current and bias voltage according to range analysis and visual analysis.  
(3) Another CNx film was deposited with the optimal process parameters which were achieved 
through the analysis of orthogonal design. It is suggested that the analysis of orthogonal experiment is 
correct because the film has the smallest surface roughness of 2.78 nm.  
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