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Effect of Substrate Bias on Structure and Properties of Ta-C Films

CAI Jian, YANG Wei, DAI Wei, KE Pei-ling, WANG Ai-ying
(Division of Surface Engineering and Remanufacturing, Ningbo Institute of Material Technology & Engineering, Chinese

Academy of Sciences, Ningbo, Zhejiang 315201)

Abstract: Tetrahedral amorphous carbon(ta-C) films were prepared to study the deposition rate, composition, mechan-
ical features and tribological properties as a function of substrate bias at a home-made 45°single bent filtered cathodic vac-
uum arc deposition system. The results show that the sp® content in the film first ascends and then descends with the in-
creasing of the substrate bias. When the bias is -50 V, the content reaches the highest value of 64 % , which leads to the
observed maximum hardness and Young’s modulus at 48. 22 GPa and 388. 52 GPa, respectively. Furthermore, the mini-
mum average coefficient of friction at 0. 1 is also acquired for the ta-C film deposited at -50 V. Therefore the sp® content
dominates the mechanical and tribological properties of deposited films.

Key words: single bent FCVA; negative bias; ta—C; sp® bond

0 (Filtering cathodic vacuum arc, FCVA U~ 1151
(tetrahedral amorphous ’ N N
carbon, ta-C) sp’ ( FCVA ta-C
90%) [1-3] . ta —C ° ’ FCVA
477 , .

[4, 89] . ta -C 3 [16-17] . ,

) (Pulsed laser deposi- )
tion, PLD)MO | (Mass se- 45° FCVA ta-C
lective ion beam, MSIB)* R .

. 2011-07-18; . 2011-10-26 ta=C o
S (Y4100312) , FCVA ta-C ,

(1986—), ( ), . . ta-C



63

6
517l , ta-C 2.5 A3.5 A 4.5 A;
Sp3 ’ sp3 N ’
ta-C . B 10 V °
@D) . —400 V , 5 min,
E = eV, — Vi) +E D 12
s 0V,—50V,—80 V,—100V
Vi Vi Eo s00v, oV (
9Ei
. )
o (D : . 13020 nm
) (
) o ; (Kla-Tencor Al-
FCVA - taC ' pha-StepIQ)  :  LABRAM-HR Ra
45 FCVA man AXIS ULTRADLD X
. P Sl ta—C ’ ta 7C H NANO
’ G200 s
o ; JLTB-02
1 (Ball-on-Disk) ta-C
s @ 6 mm GCrl5
45 FCVA , 6 N, 320 m,
675 pm P (100) ta-C
: (I 2
KR B 2.1 ta-C
h  PHbE
2 ta-C
L 67 T £ ,
S il ] ’
o IE AT
' Wik oV ’
WA A (A8 (
)
145°
Fig. 1 Schematic diagram of home -made 45°single bent 1.6
filtered cathodic vacuum arc deposition system 14tk —— =
(99. 999%) g 12
. ( ) < 10t
, ; ;:' 0.8F
= 06}
| 0.4 L—s — : :
, 0 S0 100 150 200
ta-C i R/ V
R 15 min, 2 ta-C
° Fig. 2 Deposition rate of deposited ta-C film as a function
s 50 A, N N of substrate negative bias

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



64 2011
’ 2000 —
a ‘ [
’ b - " 3
, _ 1600 AN 200V
, = 1200 SN 00V
= oo o N
TE 800 huppmiirmersmimr=or o™ \
’ ta-C - [ " o \
o 003[)(1 1000 - l"::)(] |-|iJlJ 1600 1800 2000
2.2 ta-C sp® T ! -
iEEL/ (em ™)
[b .
’ N r
1600 G Peak —~
sp’ . sp” . , a [ ' r,f
Raman , Raman ;:: 1200 | ; \
G (1580 cm™! , B [ I' Peak ! \
, . | | D Peak
Sp > D (1380 cm = 800+ / \\
= )
’ Sp2 ) =, \w
, 1100 em™* C-C sp’ el . ' — :
800 1000 1200 1400 1600 1800 2000
T HEC/ (em™)
’ T sp’ 0.12 .
( 3, 0.10
3(a) ta-C
0.08 |
Raman o . . .
= 0.06 .
( G . D ~
), ta-C G 1100 cm ™! 0.045 ¢
T sp’ . 0.02} ‘
—50V ta-C . 0 | . N .
. 0 50 100 150 200
Gaussian s 3(b) . SR | V
T /G (L,/I),
ta-C sp’ . 1./1, 3 ta-C Raman (a)
, sp’ . 3o (b) =50V (e)
/1, , , I/1,
0V —50V .1/, Fig. 3 Ultraviolet Raman Spectra of ta -C films (a)
50V 5 Curves as a function of substrate bias (b) The fitness
_ s .
’ P ’ curve of ta-C film spectroscopy deposited at —50 V bias
—200 V. L/1 (c) Intensity Ratio of T peak and G peak
’ Sp3 o ’
L/I, sp’ e ) 0.8 eV ,
I/1, sp’ . sp* sp? C .
b 4 o
XPS . XPS 4(a) XPS Cls
, , —200V ta-C Cls
o D) - 200 V
’ o Sp2 o
( sp® C ) ( sp® C ., Cls



) 4(b) ) (2) ) sp’ .
3
sp o 2.3 ta-C
14000 F 2
[22-24]
12000 + °
= 10000 - ’ o 5
:f' 2000 - =200V ta-C °
e
= 6000f ooV
= f 50 {390
Z 4000 XTRY
2000 - S0V 45| 1360
N N vl } lisg 5
288 287 286 285 284 283 282 :—: 40 p, —{
LEORE eV - 1300 E
= | ¢ 1270 =
7000 | b = =
o % T 240
6000 +
/A 25 L~ - - ‘ 1210
£ 5000 ¢ J I|| 0 50 100 150 200
< 4000 | [ spY R/ V
R |
= 3000 F \
- : o 5 ta-C
= 2000 sp’ \
AGOgH ) \\:’:0 Fig. 5 Hardness and Young’s modulus of ta-C films as a
- R e PP |
033;] 282 284 286 288 290 function of substrate bias
HiGHE/ eV
100 (5 ) (Y
€ From XPS . —50 V,ta-C ;
80 |
| —50V ,ta-C
S 60F . T , 48 GPa 388 GPa;
ri_m,' Sy —50V —200 V,ta-C
o , —200 V
20 . 35 GPa 300 GPa, 2.2
0! . - : —50 V sp’
0 50 100 150 200 ,
TR / V ’ P ’
b b o
4 X (a) XPS 2.4 ta-C
Cls (b) =50V XPS () sp’
6
Fig. 4 XPS Spectra (a) Cls Curves as a function of sub- ° 6Ca) ’ ’
strate negative bias (b) The fitness curve of ta-C deposi- ta-C ’
ted at —50 V bias (c¢) sp’ content in ta-C film as a func- H ’ s
tion of substrate negative bias s o 6(b)
o ’
Coo = A 2) Y —50V
sp (Isp3 + Ispz ) ’
0.15 0. 10,
I sp3 I sp2 ta _C _200 Vy s
sp’ sp’ , 4(c) . ) 0. 20 . (
—50 V sp’ ; 640, 0.67) ta-C
It/Ig ’ ’

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



66

2011

7ta_C
[25]
’ .
o , ,
sp’
o Sp3 s
’ ) y
[26]
o ’
sp’ .
040F " —!
030"
._l:-; . ] I
thi =S =200V
ST _-100V s () Y
Y50V

L PR P S P I
0 40 80 120 160 200 240 280 320 360

i /m

0 S0 100 150 200
filmh/V

6 (a) (b)
Fig. 6 Coefficient of friction curves as a function of sub-

strate negative bias (a) Dynamic profile (b) Average co-

efficient of friction

ta-C (sp”/sp’ \sp’
) ( N
) ( .
. )[12]
45° s 40°C,
) ta 7C °
. =50V sp’

(1]

(2]

[3]

[4]

(5]

ta-C ’

ta-C o
3

Sp

Zhu B, Tay [, McKenzie 7

’ N

45° FCVA
’ P (100) ta -

@

—50V s

(2) —50V ta-C C

64% .48. 22 GPa

(3) —50 V
, 0. 10,

388.52 GPa,
,ta-C

sp o

Logothetidis S, Charitidis C, Patsalas P. Engineer-
ing properties of fully sp®-to sp’-bonded carbon
films and their modifications after post-growth ion
irradiation[ ] ]. Diamond and Related Materials,
2002, 11(3-6): 1095-1099.
Donnet C, Erdemir A. Tribology of diamond - like
carbon films: fundamentals and applications [ M].
France: Springer, 2008, 13-24.

[Jl. ,
2004, 18(1). 76-81.
Kang M, Tak H, Jeong Y,et al. Properties and
tool performance of ta-C films deposited by double-
bend filtered cathodic vacuum arc for micro drilling
applications[ ] ]. Diamond and Related Materials,
2010, 19(7/8/9): 886-889.
Maguire P, McLaughlin J, Okpalugo T, et al. Me-
chanical stability, corrosion performance and biore-
sponse of amorphous diamond-like carbon for medi-
cal stents and guidewires [ J]. Diamond and Related

Materials, 2005, 14(8): 1277-1288.



67

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Teo K, Ferrari A, Fanchini G, et al. Highest opti-
cal gap tetrahedral amorphous carbon [J]. Diamond
and Related Materials, 2002, 11(3/4/5/6) . 1086~
1090.

[l » 2008, 21(4): 33-36
Roy K, Lee K. Biomedical applications of diamond-
like carbon coatings: A review [ J]. Journal of Bio-
medical Materials Research Part B: Applied Bioma-
terials. 2007, 83B(1). 72-84.
Moseler M, Gumbsch P, Casiraghi C, et al. The
ultrasmoothness of diamond - like carbon surfaces
[J]. Science, 2005, 309(5740): 1545-1548
Loir A, Garrelie F, Donnet C, et al. Mechanical
and tribological characterization of tetrahedral dia-
mond-like carbon deposited by femtosecond pulsed
laser deposition on pre -treated orthopaedic bioma-
terials [J]. Applied Surface Science, 2005, 247(1/
2/3/4): 225-231.
Voevodin A, Donley M, Zabinski J. Pulsed laser
deposition of diamond -like carbon wear protective
coatings: a review [ J]. Surface and Coatings Tech-
nology, 1997, 92(1/2); 42-45.
Lifshitz Y. Hydrogen - free amorphous carbon
films: correlation between growth conditions and
properties [ J]. Diamond and Related Materials,
1996, 5(3/4/5): 388-400.
Wang Gui gen, Zhang Hua yu, Zhou Hong fei, et
al. Effect of ECR-assisted microwave plasma nitri-
ding treatment on the microstructure characteristics
of FCVA deposited ultra-thin ta-C films for high-
density magnetic storage applications [ J]. Applied
Surface Science, 2010, 256 (10): 3024-3031.
Chhowalla M, Amaratunga G. Strongly adhering
and thick highly tetrahedral amorphous carbon(ta-
C) thin films via surface modification by implanta-
tion [ J ]. Journal of Materials Research (USA),
2001, 16(1): 5-8.
(J1.
, 2008, 21(9). 28-36.
Martin P, Bendavid A. Review of the filtered vacu-

um arc process and materials deposition [J]. Thin

[17]

[18]

[19]

(20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

Solid Films, 2001, 394(1/2) . 1-14.
LJl.
, 2010, 30(6): 614-620.
Tay B, Shi X, Cheah L, et al. Growth conditions
and properties of tetrahedral amorphous carbon
films [JJ. Thin Solid Films, 1997, 308-309. 199-
203.
Piscanec S, Mauri F, Ferrari A, et al. Ab initio
resonant raman spectra of diamond - like carbons
[J]. Diamond and Related Materials, 2005, 14(3/
4/5/6/7): 1078-1083.
Ferrari A, Robertson J. Interpretation of Raman
spectra of disordered and amorphous carbon []J].
Physical Review B, 2000, 61(20): 14095-14107.
Ferrari A, Robertson J. Resonant Raman spectros-
copy of disordered, amorphous, and diamondlike
carbon [ J]. Physical Review B, 2001, 64 (7);
(075414-1)-(075414-13).
L.
(Ti,ADN
2010, 23(5): 35-39.

, 2010, 23(4): 11-14.

(. ;

DLC
, 2008, 21(5): 38

s ’ ’

[Jl.
42.
Hauert R. An overview on the tribological behavior
of diamond-like carbon in technical and medical ap-
plications [J]. Tribology International, 2004, 37
(11/12): 991-1003.

’ ’ ’

Ll . 2003(2); 229
230.

McKenzie D, Muller D, Pailthorpe B. Compressive
-stress—induced formation of thin-film tetrahedral
amorphous carbon [ J]. Physical review letters,

1991, 67(6): 773-776.

Tel.

315201
(0574) 8668 5809

E-mail: caijian864@163. com



2011(6)EAER 47 ¥ &

WCrh P28~34

18 F - 25 —
a <3 Ti2p i, ¢ li2p
5 o &
= = =
2 X £
= 5 =
E z 7
450 455 460 465 470 475 450 pre 160 265 450 455 460 465
HERRE eV SEREE eV Bt E/eV

2 3FAGUFRKETBER Ti 0% XPS Hig

WL P47~-52

(a) 100% (b) 50%

6 ANl bR A AR R A R A

(a) 100% (b) 50%

BT AN[E] oy 45 Bl R 0 R A R T

r'l -2 - -
Lb . 7000 [ b 06r
o
1600 F G Peak —- 6000 / \ 05t
3 [ / ‘ £ 5000 f’ 4 04f
< 200t / '\ }: 4000 | | sp -
= L T Peak i [ | 2
= | D Peak \ 0 Iy - i
.‘; 800 s/ \ Z 2000 sl
: — — 1000 + / \\ C"_-O 01E A AR
400 . L " A . 0 . £ s S 0 = T
800 1000 1200 1400 1600 1800 2000 280 282 284 286 288 290 1 10 100 1000 10000
W/ (em™) Hiehk eV iR
Fe 3(b) ta—C THRELE-50V T I8 4h i B 41 [ 4(b) -50V T XPS 4r i Pl 2 SERbth A 3 gl s il P R TR E

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



