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Fabrication of filtered arc deposition system with mixed vapor introduction and
preparation of highly functional carbon films with high density

Takikawa, Hirofumi
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In this study, a filtered arc deposition (FAD) apparatus combined an
electron beam (EB) deposition source was designed and developed. Hydrogen-free Si-contained
diamond-like carbon (Si-DLC) films with arbitrary Si content were fabricated using the FAD apparatus

combined EB deposition source. The fabricated Si-DLC films were expected as a highly heat-resistant
film, however the high heat resistance was not obtained because oxygen was mixed in the films. The
poor vacuum performance of the apparatus caused the oxygen detection from the films. Thus, the

%p?aratus equipped with a high vacuum environment is expected to contribute to the study of Si-DLC
ilms.



1990

DLC
CvD
5 DLC DLC
DLC
DLC SiC S
DLC 600 750
S DLC Si-DLC 2 Si DLC
DLC FAD
DLC Si S EB
2
X XPS
DLC
1
Si DLC FAD EB
EB FAD FAD
EB S
45° EB
Si
2 S DLC
Si Si-DLC
S S Si-DLC
S Si 0 2 5 10a.%
Si 1 Si XPS
S S
2 S Si
1000 cm?t 1800 cm? DLC
S XPS

S Si DLC



20 o - -
T = Si content
Els_ 1 S |Film thickness in film |
= £ 1100 nm 20 at.%
£10 ] A 3
|5 5] ] & | 40mm 2 at%
o < | ]
n ° 40nm X5 0 at.%
e 5 10 15 20 800 1000 1500 2000
Si content in target (at.%) Raman shift (cm™)
1S 2Si
Si-DLC Si S-DLC
EB Si-DLC
FAD EB Si-DLC FAD
i EB S
S FAD
EB S Si-DLC XPS
Si 3 EB 25 mA
60 rpm Si 1at.%
30 mA Open Si 15 at.%
EB S S
EB 4
Si-DLC EB
1000 cm't 1800 cm't
Si FAD EB
Si-DLC EB EB
EB
3
2 Si-DLC
Si-DLC 5.0x 10* Pa
1min 600 700 30 min Si
FAD Si-DLC 5 FAD EB
Si-DLC 6 900 cmt 1000 cn?
Si
1360 cm't
DLC
Si-DLC
S DLC
20—/ : ' ' .
. . Si content
—_ hutter: open = M
§ 154 S (n] g 170 nm <5 15 at.%
= Elaom e N g
e 10 ' S =
§ g -NM/\—_:
5 57 ] £ l40nm 0 at.%)|
o Shutter: 60 rpm i ’
n ]
0% 25 20 800 1000 1500 200¢
Electron beam (mA) Raman shift (cm™)
3 EB Si-DLC 4 EB Si-DLC



Intensity (arb. unit)

58S
Si-DLC
Si DLC
Si-DLC Si
Si
DLC
4
FAD EB
DLC
Si-DLC S
S-DLC
DLC
S-DLC
EB EB

4 Si 20 at.% |
Ax1/2 700°C x1/10
dx1/2 600°C | x1/10

600°C -

J\/&
600°C
b as-depo]

Si 15 at.%

/N7~ as-depo, ano,_ " N as-depo]
|sigatw | ;
A e N
] 600°C | ~____ 700°C|
1 J\M — 600°C|
i 3 3 -depo.
Si2at% AR R R
1 700°C 7

Si 0 at.%

Intensity (arb. unit)

TN 700
. 700°C

e N 700°C
e 600°C|
e as-depo.

N\ 600°C|

800 1000 1500
Raman shift (cm™)

2000 800 1000

1500 2000

Raman shift (cm™)

6 EB
0]
Si-DLC
DLC
Si
DLC Si-DLC
Si
Si-DLC Si
Si
Si-DLC

DLC

DLC S

Si-DLC

Si-DLC

XPS

FAD

DLC



7 7 1 0

T. Imai, T. Harigai, T. Tanimoto, R. Isono, Y. lijima, Y. Suda, H. Takikawa, M. Kamiya, M. 167

Taki, Y. Hasegawa, S. Kaneko, S. Kunitsugu, M. Ito

Hydrogen-free fluorinated DLC films with high hardness prepared by using T-shape filtered arc 2019

deposition system

Vacuum 536 541
DOl

10.1016/j -vacuum.2018.07.009

T. Harigai, Y. Miyamoto, M. Yamano, T. Tanimoto, Y. Suda, H. Takikawa, T. Kawano, M. Nishiuchi, Vol .675

H. Sakaki, K. Kondo, S. Kaneko, S. Kunitsugu

Self-supporting tetrahedral amorphous carbon films consisting of multilayered structure 2019

prepared using filtered arc deposition

Thin Solid Films 123-127
DOl

10.1016/j .tsf.2019.02.022

T. Harigai, K. Tamekuni, Y. lijima, S. Degai, T. Tanimoto, Y. Suda, H. Takikawa, S. Takago, H. 58

Yasui, S. Kaneko, S. Kunitsugu, H. Habuchi, M. Kamiya, M. Taki, H. Gonda

Wear-resistive and electrically conductive nitrogen-containing DLC film consisting of ultra- 2019

thin multilayers prepared by using filtered arc deposition

Japanese Journal of Applied Physics

SEEDO5 SEEDO5

DOl
10.7567/1347-4065/ab1472

R. Isono, T. Tanimoto, Y. lijima, T. Harigai, Y. Suda, H. Takikawa, S. Kaneko 8
Fabrication of Tungsten Carbide Films by Filtered Pulse Arc Deposition with Cemented Tungsten 2017
Carbide Cathodes

Materials Sciences and Applications 966 978

DOl
10.4236/msa.2017.813071




R. Isono, T. Tanimoto, Y. lijima, S. Aziz Kusumawan, T. Harigai, Y. Suda, H. Takikawa, M. 1929
Kamiya, S. Kaneko, S. Kunitsugu, M. Taki

Improvement of adhesion of hydrogen-free DLC film by employing an interlayer of tungsten 2018

carbide

AIP Conference Proceedings 020019-1-7
DOl

10.1063/1.5021932

Y. lijima, T. Harigai, R. Isono, S. Degai, T. Tanimoto, Y. Suda, H. Takikawa, H. Yasui, S. 1929
Kaneko, S. Kunitsugu, M. Kamiya, M. Taki

Preparation of multi-layer film consisting of hydrogen-free DLC and nitrogen-containing DLC for 2018
conductive hard coating

AIP Conference Proceedings 020024-1-8

DOl
10.1063/1.5021937

Y. lijima, T.u Harigai, R. Isono, T. Imai, Y. Suda, H. Takikawa, M. Kamiya, M. Taki, Y. 57
Hasegawa, N. Tsuji, S. Kaneko, S. Kunitsugu, H. Habuchi, S. Kiyohara, M. Ito, S. Yick, A.
Bendavid, P. Martin

Fabrication of nitrogen-containing diamond-like carbon film by filtered arc deposition as 2018
conductive hard-coating film

Japanese Journal of Applied Physics 01AEQ7-1-5

DOl
10.7567/JJAP .57 .01AE07/meta

58 8 17

S. Kaneko, S. Yasuhara, T. Endo, R. Sudo, T. Tokumasu, K. Satoh, M. Kurouchi, M. Yasui, T. Rachi, S. Tanaka, C. Kato, A.
Matsuda, M. Yoshimoto,H. Takikawa

New methods for direct growth of graphene on insulator ~ paper, pencil, carbon dioxide ~

1UMRS-1CEM2018

2018




T. Harigai, M. Yamano, Y. Kondo, F. Yoda, S. Degai, T. Tanimoto, Y. Suda, H. Takikawa, M. Nishiuchi, H. Sakaki, K. Kondo, S.
Kaneko, S. Kunitsugu

Self-supporting ta-C film consisting of laminated layers prepared using T-shape filtered arc deposition

1UMRS-1CEM2018

2018

T. Harigai, Y. lijima, K. Tamekuni, T. Toya, S. Degai, T. Tanimoto, Y. Suda, H. Takikawa, S. Takago, H. Yasui, S. Kaneko, S.
Kunitsugu, H. Habuchi, M. Kamiya, M. Taki, and H. Gonda

Preparation of Conductive Hard Film Consisting of Ultra-Thin N-DLC Multilayers

2018 International Symposium on Dry Process

2018

H. Takikawa, T. Harigai, T. Tanimoto

Recent topics of preparation and application of diamond-Like Carbon Film

IAPS Meeting 2019

2019

UV-PDMS DLC

24

2018




Nakul Thanatith

24

2018

DLC

30

2018

T-FAD

DLC

30

2018

DLC

30

2018




DLC

30

2018

DLC

138

2018

DLC

79

2018

79

2018




DLC

79

2018

N-DLC/

79

2018

N-DLC/WC

66

2019

DLC

66

2019




CFRP DLC

66

2019

DLC

30

2019

T. Harigai, Y. Fujii, S. Degai, T.Imai, Y. Suda, H. Takikawa, H. Tanoue, M. Kamiya, S. Kaneko, Y. Haruyuki, S. Kunitsugu, M.
Kawaguchi, K. Miura

Dependence of self-heating on DLC film properties in filtered arc deposition system

1SSP2017

2017

T. Tanimoto, T. Imai, T. Harigai, R. Isono, Y. lijima, Y. Suda, H. Takikawa, M. kamiya, M. Taki, Y. Hasegawa, N. Tusji, S.
Kaneko, S. Kunitsugu, M. Ito

Hydrogen-free fluorinated DLC films prepared by filtered arc deposition system

ISAPS 2017

2017




T. Harigai, T. Imai, Y. Suda, H. Takikawa, M. Kamiya, S. Kaneko, S. Kunitsugu, N. Niibe, K. Kanda

Classification of Hydrogen-Free and Hydrogenated DLC Films Prepared by Filtered Arc Deposition

IUMRS-1CAM 2017

2017

Y. lijima, T. Harigai, R. Isono, S. Degai, T. Tanimoto, Y. Suda, H. Takikawa, H. Yasui, S. Kaneko, S. Kunitsugu, M. Kamiya,
M. Taki

Preparation of multilayer film consisted of hydrogen-free DLC and nitrogen-containing DLC for conductive hard coating

The lIrago Conference 2017

2017

T. Tanimoto, I. Fujita, Y. Kondo, T. Harigai, Y. Suda, H. Takikawa, H. Gonda, Y. Hadano, M. Kamiya

Influence of Substrate Bias of DLC Film prepared by Pulse Arc Jet Plasma

ISPlasma2018

2018

DLC DLC

50

2017




2017

2017

52

2017

2017

DLC

64

2018




DLC

2017
2017
T-FAD DLC
29
2017
DLC DLC
29
2017
DLC/N-DLC
78

2017




DLC

78

2017

UV-PDMS

29

2018

DLC

137

2018

DLC

65

2018




2019

1096

http://www.pes.ee.tut.ac.jp/

(Kiyohara Shuji)

(40299326) (54301)
(Kaneko Satoru)
(40426359) (82718)




