54 4 2005 4
1000-3290/2005/54 04 /1885-05

ACTA PHYSICA SINICA

Vol.54 No.4 April 2005
(©2005 Chin. Phys. Soc.

2004 6 8
Raman X
H
100 W
PACC 8115H 6855 7830
1.
diamond-like carbon DLC
1
PVD °* CVD °
4
5—7
RF-
PECVD

DLC

ECR-RF-PECVD *

RF-MW-PECVD®  DC-RF-PECVD °

59925513 50323007

.E-mail chenjm@ns.l1zb. ac.cn

2004

*
T
730000
7 23
Sp3
DC-RF-PECVD
DLC AFM Raman
X XPS IR
2.
2.1.
DC-RF-PECVD
1 DLC
5 cm. 13.56 MHz
1000 V
DC-RF-
PECVD
2003 AA305670



1886

54

#R
| —
- SBT
- 34k
i
ARG
|
BHA| | EHE
1 DC-RF-PECVD
111
20 min
107° Pa.  Ar
400V 2 Pa 30 min
DLC . CH, H,
10.2 20 cm’/min 5 Pa
-200V 50 100 200
300 400 W.
2.2.
2206
MTS nano-indenter [[
SPM-9500 AFM
JY T64000  Raman
Raman 514.5 nm
1000—1800 em™'.  PHI-5702
XPS
Mg Ka 29.35 V.
FTS165 IR CH
H
3.
2 100 300 W
AFM 2
RMS<1nm . 100 W
2 a
300 W

E G5,
BT

AFM

100W a

. T
S
. L T B

e0)

300W b DLC
300 W
300 W
DLC
300 W
H
DLC
DLC Raman 1550
G 1350
D

DLC Raman



1887

VTR /nm.min™!
> & o

e
[=2)
T

»

0'20 ' 160 I 260 ‘ 360 I 460
SR/ w
3 DLC
4 DLC
Raman Gaussian D
G 4
Raman . S50 W
100 W Raman D G
1342 1547 ecm™! 1330 1537 cm™'.
100 W D G
D . Raman
3
sp
100 W
2
N
!
o
?OW 1342 ‘

800 1200 1600 2000
Raman {7# /cm1

4 DLC Raman
DLC sp C
XPS XPS Cls
Gaussian .5 100 W
XPS Cls . 5

Cls 4

284.4 eV sp” C
285.3 eV sp’ C .
286.6  288.8 eV
C—O0 =0
0,
sp C
P06 DLC
sp3 C . 6
50 W 100 W sp’ C
34% 38% .
sp’ C . Raman
" C sp?
§ Csp?
5
2
c—o0
= c=0
280 ‘ 25;4 l 2]88 I 292
LB Ey/eV
5 100 W XPS Cls
40
&
ﬂﬂ 30
g L
20 |
10 L L L 1 : L L L
0 100 200 300 400
ST /W
6 DLC sp’ C
7 IR . 7
2800—3000 1500—1700 1300—
1500 cm ™ 3 IR : 2800—
3000 cm ™ C—H
1500—1700 cm ™' c—C

=C 1300—1500 cm™'



54

1888
1
(—H 16
: . {120
2800—3000  1300— AN |
—1 (]
1500 cm C—H (%s ok 1100 @
H . DLC = @
H = 10 aH
- . &
80
sp- C—C H sk \.
H H !
6 P : ; ' 60
H, 0 100 200 300 400
6 SaThE/ W
H
8 DLC
CH, H
14 15
DLC 16 16—I18 CH, H,
H 2 sp CH CH CH, CH,
P , CH CH* CHf GHS H H
. CH
P CH
H H
DLC
c—C
. C—HC=C C—H
g o bl 400w
e e T d
o [ ' A
8 o b1 300W H
B TN I~ CH, H,
= o \f 200W
W\W 100 W sp’ DLC
1000 1500 2000 2500 3000 3500
BeH/ em™
7 DLC
8 Sp3
8 50
W 12.4 4
111.7 GPa. 100 W '
14.3
DC-RF-PECVD
121.3 GPa. 100 W
DLC sp’ bLe
. Raman IR
H
sp3 100
W sp Raman H sp’
XPS .
DLC 100 W




4 1889

1 Robertson J 2002 Mater . Sci. Eng. R 37 129 10 Cheng YH Wu Y P Chen]J G et al 1997 J. Chin. Cer. Soc.
2 MeiX X XuJ Ma T C 2002 Acta Phys. Sin. 51 1875 in 25452 1997 25452
Chinese 2002 51 1875 11 Ferrari A C 2002 Diamond Relat. Mater. 11 1053
3 Yang W B Wang J L Zhang G L et al 2003 Chin. Phys. 12 1257 12 LiLH ZhangHQ Cui XM et al 2001 Acta Phys. Sin. 50 1549
4 GuoD Cai K Li LT et al 2001 Acta Phys. Sin. 50 2413 in in Chinese 2001 50
Chinese 2001 50 2413 1549
5 Liang ¥ Yan X J 1999 Acta Phys. Sin. 48 1095 in Chinese 13 Mérel P Tabbal M Chaker M et al 1998 Appl. Surf. Sci. 136
1999 48 1095 105
6 LiHX XuT ChenJM et al 2003 J. Phys. D Appl. Phys. 14 ChengSH NingZY Kang]J et al 2000 Acta Phys. Sin. 49 2041
36 3183 in Chinese 2000 49
7 Yang WB Fan SH Liu CZ et al 2003 Acta Phys. Sin. 52 140 2041
in Chinese 2003 52 15  Angus J C Jansen F 1998 J. Vac. Sci. Technol. A 6 1778
140 16 YuSJ DingZF Xul et al 2001 Thin Solid Films 390 98
8 Racine B Benlahsen M Zellama K et al 2001 Diamond Relat . 17 Von Keudell A Meier M Hopf C 2002 Diamond Relat . Mater . 11
Mater .10 200 969
9 Braca E Kenny ] M Korzec D et al 2001 Thin Solid Films 394 30 18 Zhang Q Yoon SF Rusli et al 1998 J. Appl. Phys. 84 5538

Effect of RF power on the structure and properties of
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Abstract
Diamond-like carbon DLC films were deposited on Si substrates by a dual direct current and radio frequency plasma-
enhanced chemical vapor deposition DC-RF-PECVD  technique. The effect of RF power on the surface morphology
microstructure  hardness and Young' s modulus of DLC films was investigated by atomic force microscopy Raman spectroscopy
x-ray photoelectron spectrometry infrared spectroscopy and nano-indentation. The films produced by DC-RF-PECVD have
typical hydrogenated diamond-like characteristics and the surface of the films was smooth and compact. With the increase of RF
power the bonded hydrogen content in the films decreased while the sp® content hardness and Young' s modulus of the DLC films

reached the maxima at an RF power of 100 W and then they decreased with further increase of the RF power.
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