
Effects of Substrate Bias Voltage on Plasma Anisotropic CVD of Carbon  

Using H-assisted Plasma CVD Reactor 

水素原子源付プラズマ CVD 装置を用いた炭素薄膜の 

異方性製膜に対する基板バイアス電圧の影響 
 

Tatsuya Urakawa
1
, Hidehumi Matsuzaki

1
, Daisuke Yamashita

1
, Giichiro Uchida

1
, Kazunori Koga

1,4
, 

Masaharu Shiratani
1,4

, Yuichi Setsuhara
2,4

, Makoto Sekine
3,4

, and Masaru Hori
3,4 

浦川達也 1
, 松崎秀文 1

, 山下大輔 1
, 内田儀一郎 1

, 古閑一憲 1,4
,  

白谷正治 1,4
, 節原裕一 2,4

, 関根誠 3,4
, 堀勝 3,4

 
 

1 Graduate School of Information Science and Electrical Engineering, Kyushu University,  

744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan 
2 Joining and Welding Research Institute, Osaka University, Osaka 567-0047, Japan 

3 Department of Electrical Engineering and Computer Science, Nagoya University, Nagoya 464-8603, Japan 
4CREST, Japan Science and Technology Agency, Tokyo 102-0075, Japan 

1 九州大学大学院システム情報科学府 〒819-0395 福岡県福岡市西区元岡744番地 
2 大阪大学接合科学研究所 〒567-0047 大阪府茨木市美穂ヶ丘11-1 

3 名古屋大学大学院工学研究科 〒464-8603 愛知県名古屋市千種区不老町 
4 JST, CREST 〒102-0075 東京都千代田区三番町5 

 

To study effects of substrate bias voltage (Vb) on Ar+H2+C7H8 discharges and carbon films deposited by 

H-assisted plasma CVD reactor under anisotropic deposition condition, we have measured Vb dependence 

of optical emission intensities and mass density of carbon films. With increasing absolute value of Vb, all 

emission intensities increase and IH/IH slightly increases. The latter results indicate Vb has a slight 

influence on electron temperature in Ar+H2+C7H8 discharges. The mass density of carbon films reaches a 

maximum of 2.3 g /cm3 at Vb = 75 V, corresponding to an ion energy of 100 eV.  

 

 

1. Introduction 

Diamond like carbon (DLC) is a dense, metastable 

form  of  amorphous carbon  (a-C)  or  

hydrogenated  amorphous carbon (a-C:H) containing a 

high fraction of carbon sp3 sites, but also sp2 sites and 

hydrogen [1,2]. The sp3 bonding confers valuable 

properties  such as  mechanical hardness, low  

friction,  optical transparency, chemical inertness, and  

chemical inertness and biological compatibility [3]. 

Deposition profile of the films on nano-patterned 

substrates is one of the concerns to realize coatings on 

such substrates. We have succeeded in controlling 

deposition profile of Cu on trench substrates, and have 

realized sub-conformal, conformal profiles as well as 

anisotropic deposition profile, for which Cu is deposited 

in trenches without sidewall deposition, using a 

H-assisted plasma CVD method [4-6]. We are applying 

the method to realize deposition profile control of carbon 

films [7]. Here we report dependence of optical emission 

intensities and mass density of carbon films on substrate 

bias voltage. 

 

2. Experimental setup 

Experiments were performed using the H-assisted 

plasma CVD reactor, in which a capacitively-coupled 

main discharge and an inductively-coupled discharge for 

an H atom source were sustained as shown in Fig. 1. This 

reactor provided independent control of generation rates 

of carbon containing radicals and H atoms. For the main 

discharge, a mesh powered electrode of 85 mm in 

diameter and a plane substrate electrode of 85 mm in 

diameter were placed at a distance of 33 mm. The 

discharge of H atom source was sustained with a radio 

frequency (rf) induction coil of 100 mm in diameter 

placed at 65 mm above the substrate electrode of the 

main discharge. The excitation frequency was 13.56 

MHz and the supplied power (PH) was 500 W. The 

excitation frequency of the main discharge was 28 MHz 

and the supplied power (Pm) was below 45 W. A bias 

voltage of 400 kHz was applied to the substrate for 
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Fig. 1. Schematic of H-assisted plasma CVD reactor. 



controlling kinetic energy of ions incident on it. Toluene 

(C7H8) was vaporized at 150oC, and supplied to the 

reactor with H2. C7H8, H2 and Ar were supplied at flow 

rate of 0.63 sccm, 30 or 60 sccm, respectively. The total 

pressure was 13 Pa. The substrate temperature  was 

kept at 100oC. 

Optical emission intensities were measured at 15 

mm above the substrate electrode with an optical 

multichannel analyzer (Hamamatsu Photonics 

PMA-11-C7473).  

 

3. Results and discussion 

First, we have measured dependence of optical 

emission intensities of Ar+H2+C7H8 plasmas. Figure 2 

shows dependence of optical emission intensities of H 

(486nm), H (656.3nm), and Ar (811.5nm) on the bias 

voltage. All emission intensities in Fig. 2 increase with 

increasing absolute value of bias voltage, indicating that 

generation rates of radicals increase. 

Figure 3 shows dependence of emission intensity 

ratio of H to H for Ar+H2+C7H8 plasmas on bias 

voltage. The ratio of H to H for Ar+H2+C7H8 plasmas 

is slightly increases with increasing absolute value of 

bias voltage. Therefore electron temperature slightly 

increases with increasing absolute value of bias voltage, 

which partly leads to the increase in the emission 

intensities in Fig. 2.  

Finally, we have measured dependence of mass 

density of carbon films on the bias voltage. Figure 4 

shows the results. The mass density of carbon films 

reaches a maximum at 75 V corresponding to an ion 

energy of 100 eV, probably because there is an 

appropriate ion energy to obtain carbon films of a high 

mass density. 

 

4. Conclusions 

We studied dependence of optical emission 

intensities of Ar+H2+C7H8 plasmas and mass density of 

carbon films on the substrate bias voltage. The following 

conclusions are obtained in this study. 

1) Substrate bias voltage has slight influence on plasma 

parameters in the main discharge. 

2) Carbon films of a high mass density of 2.3 g /cm3 are 

obtained at an ion energy of 100 eV. 

 

References 

[1] J. Robertson, Phys. Stat. Sol. (a), 205 (2008) 2233. 

[2] J. Robertson, Jpn. J. Appl. Phys., 50 (2011) 01AF01 

[3] J. Robertson, Mater. Sci. Eng. R37 (2002) 129-281. 

[4] K. Takenaka, et al., J. Vac. Sci. Technol., A22 (2004) 

1903. 

[5] K. Takenaka, et al., Pure & Appl. Chem., 77 (2005) 

391. 

[6] J. Umetsu, et al., Surf. Coat. Technol., 202 (2008) 

5659. 

[7] J. Umetsu, et al., Plasma Fusion Res. Ser., 8 (2009) 

1443 . 

 

Fig. 2. Bias voltage dependence of optical emission 

intensities of H (486nm), H (656.3nm), and Ar 

(811.5nm). 

Conditions: PH=500W, Pm<45W, C7H8 0.63 sccm 

0

5 10
4

1 10
5

1.5 10
5

2 10
5

-400 -300 -200 -100 0

H

(486nm)x20

H

(656.3nm)

Ar(811.5nm)

in
te

n
si

ty
 (

cp
s)

bias voltage (V)

0

0.05

0.1

0.15

0.2

0.25

0.3

-400 -300 -200 -100 0

I H

/I

H


bias voltage (V)

Fig. 3. Bias voltage dependence of emission intensity 

ratio of H to H for Ar+H2+C7H8 plasmas. 

Conditions: PH=500W, Pm<45W, C7H8 0.63 sccm 
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Fig. 4. Bias voltage dependence of mass density of 

carbon films. 

Conditions: PH=500W, Pm<45W, C7H8 0.63 sccm. 


