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Abstract: The amorphous carbon thin films  of  500 nm thickness was deposited on Si (100) and 

stainless steel (SS) substrates by filtered cathodic vacuum arc (FCVA) technique. The 100 nm 

chromium interlayer was deposited by R.F. magnetron sputtering system to improve the adhesion 

strength between the substrate and the film.  The Raman study showed the broad peak ~1560 cm
-1 

indicating the amorphous carbon. The AFM studies revealed the smooth morphology of the films with 

small surface roughness. The wear studies indicated the low friction coefficient of ~0.14. The carbon 

films prepared on stainless steel indicated the upper critical load of 11 N and the hardness value of 27 

GPa a with the young’s modulus of 240 GPa. 
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1. Introduction:  
Diamond-like carbon (DLC) coating is amorphous carbon and exhibits excellent properties such as high 

hardness, high young’s modulus, high wear resistance, low friction coefficient and low surface 

roughness.  DLC coating is divided into different groups such as amorphous carbon (a-C), amorphous 

carbon hydrogenated (a-C:H), tetrahedral amorphous carbon with hydrogenated (ta-C:H) and tetrahedral 

amorphous carbon (ta-C) depending on the hydrogen content and ratio of sp
2
/sp

3
 bonds. It finds 

applications in tribological, optical, micro-electronic, automobile and biomedical fields [1-7]. The 

properties of amorphous carbon coating depend on deposition methods and its parameters. The desired 

properties can be obtained by choosing the appropriate method and controlling the deposition 

parameters. The optimum interlayer thickness can improve the adhesion with the substrates. The good 

adhesion property between the substrate and the coating is the basic necessity for all the applications. 

The amorphous carbon films were deposited by different techniques such as, sputtering, electro 

deposition, filtered vacuum arc deposition, plasma enhanced chemical vapor deposition and filtered 

cathodic vacuum arc (FCVA). The FCVA technique has many advantages over other techniques and 

produces high quality coatings with high sp
3
/sp

2
 content [8, 9].  In the present study, amorphous carbon 
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film of 500 nm thickness was deposited on Si (100) and stainless steel substrates by filtered cathodic 

vacuum arc (FAVC) technique. The microstructure, wear, scratch and nanoindentation properties of the 

amorphous carbon film were investigated.  

 

Materials and Methods:  

The stainless steel and Si (100) substrates was cleaned thoroughly to remove the residues of oil, grease 

and any other contamination. The silicon substrates were cleaned using the soap solution, running tap 

water and then ultrasonically cleaned in acetone. The cleaning process of metal surfaces includes surface 

polishing with SiC (different grit sizes; 1000, 2000 and 4000) papers and diamond paste. The Si and SS 

is surface treated using the Ar ions with the Ar flow rate of 50 sccm and at 300 V bias for 10 min. The 

argon plasma etching process was used to achieve adhesion strength and maximum surface smoothness. 

The chromium (Cr) inter layer was deposited by R.F magnetron sputtering with a power of 200 W using 

the argon flow rate of 30 sccm. The amorphous carbon film was deposited by S bend FCVA technique 

with the current and voltage of ~0.25 A and 25 V, respectively [10].  The amorphous carbon deposition 

was carried out with the bias voltage of 100 V for 25 min. Raman spectroscope (JASCO, NRS-3300) 

was used to analyze the structure of the amorphous carbon films at room temperature. The energy of 532 

nm from Nd-YAG laser was used as the excitation source. The formation of the interlayer, amorphous 

carbon layer , surface morphology and surface roughness of the film was studied using field emission 

scanning electron microscopy (FESEM) (TESCAN, Model: MIRA II LMH) and atomic force 

microscopy (AFM) (XE-100 Park systems). The wear of the amorphous carbon film was examined by 

CSM tribometer. The adhesion strength was performed by CSM scratch tester in the load range 1-25 N. 

The nanoindentation was performed using CSM Nanoindenter.   

 

Results and Discussion: 

Raman spectroscopy was used to study the structural properties of the amorphous carbon films in the 

wave number range 1000-2000 cm
-1

. Figure 1 shows the Raman spectra of the amorphous carbon film 

prepared at a bias of 100 V.  Raman spectrum showed the broad peak ~1560 cm
−1

, indicating the 

presence of sp
2
 and sp

3
 contents. The peak   IG ~ 1560 cm

−1
 indicating the amorphous carbon. The G 

band corresponds to the symmetric C–C stretching mode in graphite-like materials and the D band is 

attributed to disorder in the graphite-like domains affected by sp
3
 bonds [11]. The film prepared at 100 V 

did not show significant D peak. The peak was fitted with Gaussian function and the ID/IG ratio was 

calculated to find the sp
3
 content in the films [12].  A higher value of Id/Ig ratio corresponds to higher 

sp
2
 content. The Raman studies showed the higher sp

3
 fraction [13-15].  
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Figure (1): Raman spectrum of the amorphous carbon film on SS substrates deposited at a bias of 100 V. 
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Figure (2): (a) Surface morphology of the amorphous carbon film  

deposited on Si (100) and (b) EDAX spectrum. 

 

Figure 2 shows the surface morphology of the amorphous carbon films obtained from FESEM. The 

films show the structureless and very smooth morphology. The energy-dispersive analysis of X-Ray 

(EDAX) indicated the presence of carbon and chromium on the silicon substrates. Figure 3 shows the 

AFM image of the amorphous carbon film and reveals the amorphous nature of the film with very 

smooth morphology. The surface roughness of the film is also measured using AFM and is found to be ~ 

2 nm [16-18].  

 

The wear studies of amorphous carbon film on stainless steel substrate with Cr interlayer were analysed. 

The track radius was 10 mm and normal load of 10 N for 100 m distance. The results showed that the 

film deposited at 100 V possess the friction coefficient of 0.14, (Fig.4) indicating the very low 

coefficient of friction of the amorphous carbon films due to the graphitic nature of the carbon content in 

the film [19,20]. The amorphous carbon films have not shown any chipping or peeling off resulting the 

good adhesion of the film with the substrate. The friction coefficient value is minimum due to its low 

surface roughness values as mentioned in the AFM studies.    

 

Figure (3): AFM image of the amorphous carbon 

film deposited on Si (100) substrates 
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Figure (4): Co-efficient friction of the amorphous carbon films deposited on SS. 
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The scratch test was carried out to measure the adhesion strength of the amorphous carbon coating with 

the substrate. The experiment was performed in the load range of 1-25 N. The minimum load at which 

the failure occurs is said to be critical load (LC1) (Fig.5). It was observed that the films deposited at 100 

V have upper critical load (LC2) of 11 N.   

 

The substrate was not exposed even it exceeds the upper critical load of 11 N. The adhesion depends on 

the residual stress and the bonding strength at the interface [21].  

 

 
 

Figure (5): Scratch behaviour of the amorphous carbon film 

deposited on stainless steel substrate. 

 

The mechanical property of the amorphous carbon film deposited on SS substrate was performed using 

CSM Nano indenter. It is well known that the hardness and young’s modulus vary with sp
3
/sp

2
 content. 

The maximum hardness of 27 GPa and young’s modulus of 240 GPa was obtained for the amorphous 

carbon film of 500 nm thickness.  The high hardness of amorphous carbon is due to sp
3
 bonded carbon. 

It is known that the substrate bias can improve the ion energy. The amorphous carbon films at higher 

bias, induces higher carbon incident ion energy and increase the sp
3
 contents. At very high substrate 

bias, energetically favorable graphite structure causes the decrease of hardness [22-24].  

 

Conclusions: The amorphous carbon film of 500 nm thickness with chromium interlayer of 100 nm 

thick was deposited on stainless steel and Si (100) substrates at 100 V bias by FCVA technique.  The 

amorphous carbon film showed the Raman peak ~1560 cm
-1

 indicating the formation of amorphous 

carbon. The AFM studies indicated the amorphous nature of carbon films and smooth morphology with 

a very low surface roughness (RMS value) of ~ 2 nm. The film prepared at 100 V bias showed the low 

friction coefficient of ~ 0.14. The scratch results showed the upper critical load of 11 N. The hardness 

and young’s modulus of the amorphous carbon film was found to be 27 GPa and 240 GPa, respectively. 

The results revealed that the amorphous carbon films properties can be enhanced by choosing the 

appropriate substrate bias and the amorphous carbon coatings on the components and   used for 

mechanical and tribological applications due to its higher hardness and low friction coefficient.   

Acknowledgement: This work was supported by the National Research Foundation of Korea (NRF) 

grant funded by the Government of the Republic of Korea (Ministry of Science, ICT and Future 

Planning (MSIP)) (No.2013R1A2A2A01017108 and 2011-0030058). 



 

© Applied Science Innovations Pvt. Ltd., India                                  Carbon – Sci. Tech. 8/4(2016)43-47 

 

 

47

References:            

[1] Q. Zhao, Y. Liu, C. Wang and S. Wang, Diamond Relat. Mater. 16 (2007) 1682-1687. 

[2]  D. Sheeja, B. K. Tay, X. Shi, S. P. Lau, C. Daniel, S. M. Krishnan and  L. N. Nung, Diamond 

Relat. Mater. 10 (2001) 1043-1048. 

[3] D. P. Liu, G. Benstetter and W. Frammelsberger, Appl. Phy. Lett. 82 (2003) 3898-3900. 

[4] A. C. Ferrari and J. Robertson, Phy. Rev. B 61 (2000) 14095-14107.  

[5] J. Robertson, Mater. Sci. Eng. R 37 (2002) 129-281. 

[6] M. Dai, K. Zhou, Z. Yuan, Q. Ding and Z. Fu, Diamond Relat. Mater. 9 (2000)1753-1757. 

[7] S. Anders, A. Anders, I. G. Brown, B. Wei, K. Komvopoulos, and J. W. Ager III, Surf. Coat.  

Technol. 388 (1994) 68-69. 

[8] T. Fu, Z. F. Zhou, Y. M. Zhou, X. D. Zhu, Q. F. Zeng, C. P. Wang, K. Y. Li, and J. Lu, Surf. 

Coat.  Technol. 207 (2012) 555-564. 

[9] Yu-Hung Lin , Hong-Da Lin , Chun-Kuo Liu, Meng-Wen Huang , Jiann-Ruey Chen and  Han C. 

Shih, Diamond Relat. Mater. 19 (2010) 1034-1039. 

[10]  O. S. Panwar, Mohd Alim Khan, P. N. Dixit, B. S. Sathya  narayana, R. Bhattacharayya,  Sushil 

Kumar, C. M. S. Rauthan, Ind. J. Pure and Appl. Physics  46 (2008) 255-260. 

[11] F. Tuinstra and J. L. Koenig, J. Chem. Phys. 53 (1970) 1126. 

[12] K. W. R. Gilkes, H. S. Sands, D. N. Batchelder, J. Robertson and W. I. Milne, Appl. Phys. Lett. 

70 (1997) 1980.  

[13] O. S. Panwar, Mohd. Alim Khan, Mahesh Kumar, S. M. Shivaprasad,  B. S. Satyanarayana, P. N. 

Dixit, R. Bhattacharyya and M. Y. Khan, Thin Solid Films 516 (2008) 2331-2340.  

[14] Chehung Wei, Yi-Shun Wang and Fong-Cheng Tai, Diamond Relat. Mater. 18 (2009) 407- 412. 

[15] K. Saxena, V. Kumar and A. K. Shukla, Indian Journal of Physics 88 (2014) 1099-1103.  

[16] R. Maheswaran, Shivaraman Ramaswamy, D. John Thiruvadigal and  C. Gopalakrishnan, J.  

Non. Crys. Solids. 357 (2011) 1710-1715.  

[17] Abdul Wasy, G. Balakrishnan, L. Seunghun, K. Jong-Kuk, K. Do-Geun K, T.G. Kim, and J.I. 

Song, Surf. Eng. 31 (2015) 85-89.  

[18] Abdul Wasy,  G. Balakrishnan,  L. Seunghun,  K. Jong-Kuk, K. Do-Geun K, T. G. Kim, and  J. I. 

Song, Crys.  Res. Tech. 49 (2014) 55-62. 

[19] D. Sheeja, B. K. Tay, S. P. Lau and   Xu Shi, Wear 249 (2001) 433-439. 

[20] F. E. Kennedy, D. Lidhagen, A. Erdemir, J. B. Woodford and T. Kato, Wear 255 (2003) 854-

858. 

[21] Chi-Lung Chang and Da-Yung Wang, Diamond Relat. Mater. 10 (2001) 1528-1534. 

[22] Jiaren Jiang, R. D. Arnell and Jin Tong, Wear, 211 (1997) 254-264. 

[23] M. Bonelli1, A. C. Ferrari, A. Fioravanti, A. Li Bassi, A. Miotello, and P. M. Ossi, Eur. Phys. J. 

B. 25 (2002) 269-280. 

[24] Sambita Sahoo, S. K. Pradhan, M. Jeevitha, Sharmistha Bagchi, and P.K. Barhai, J. Non. Crys. 

Solids 386 (2014) 14-18.  

 

***** 

 

 

 


