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Effect of Al Target Power of Magnetron Sputtering on the Structure
and Tribological Properties of Diamond - like Carbon Films

ZHOU Sheng — Guo'*, WANG Li - Ping'* , XUE Qun - Ji'
(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Science , Lanzhou 730000, China
2. Graduate School, Chinese Academy of Science, Beijing 100039, China)

Abstract: Aluminum/amorphous hydrogenated carbon ( Al/a — C: H) nanocomposite thin films were deposited on silicon
p(100) wafer and stainless steel substrates by magnetron sputtering of aluminum in an argon and methane atmosphere with
different Al target power. The composition, microstructure, mechanical and tribological properties of composite films were
systemically investigated by HR — TEM, XPS, nano - indenter and tribo — tester. The results showed that the Al
nanocrystallites could be easily formed in the amorphous carbon matrix, the sp” hybrid carbon was increased as the Al was
embedded into the films, and Al — doping could relax the internal stress whilst keeping high hardness of as — deposited
films. The film containing 4.7 % Al prepared by target power of 800 W exhibited a high hardness about 16.5 GPa, a low
internal stress about 0. 62 GPa, a low friction coefficient about 0. 055 and a low wear rate about 2.9 x 10 " m*/(N + m) in
the ambient atmosphere.
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Table 1 The sputtering power, thickness and composition of as — deposited films

Sample Sputtering power/ W Film thickness/pm Depositing rate/(nm + min ") Al content/ %
1 300 1.21 13.6 0.7
2 500 1.45 16.1 1.3
3 800 1.79 19.9 4.7
4 1 000 2.03 22.6 7.9
5 1 300 2.15 23.9 15.4

(a) 300 W
Fig. 1

(b) 800 W

Cross section images of Al/a — C: H films deposited at different Al sputtering power
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Fig.2 HR - TEM bright field image of Al/a - C: H
film with Al content of 4. 7%
deposited at 800 W of Al sputtering power
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Fig.3 XPS Cls spectra of Al/a — C: H films deposited at different sputtering

power and Al2p spectra corresponding to 800 W
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Fig.4 The sp’/(sp’ +sp”) of Al/a - C: H films deposited
at different sputtering power of magnetic Al target
K4 AR AL
WS D RGO i sp®/ (sp” +sp”) M LLAH

I, R A T e sp Zie At 1 AR 2D AR A
SCHR 18 ] 4R I8, BRI 5 2 %45 1) T ep sp?
T AL AT AR, 2 T2 i ik — o (B, 75 R B %)

A 5 i S BT sp” R ALBREL A2y sp S
TR, R A0 25 R 8 7R I ST 2 % 5 W e h sp?
AR PR AR R S G R X R I AL B
DRI b sp® R PRI A1 T2 I 2R ARG
BT ZMT , BEA AL SEIRST DA R R AL 5
WS IIN kAL RS ] sp® A4 ALBRIE AL
1M SO IR b osp® A% AR B A U820, X 5 SOk
[12, 16 ] 1 Brfs 2 A 25 A0 — 2
2.2 AVa-C:H #RHIHERE

PRI RS Al/a - o H IR A ALK 1
AHEWRAEN. S Jrs R Bl 4 19 AlVa - C: H
TP B 2 A R A A R (EL B AL SIS DR 1
AEAE UL, FTLAFE Hi, AL $E 8 S )50 300 W I
REAYBEE D 13.7 GPa, I RHT NN 800 W i, i
A BE BE 3G TN 3 16. 5 GPa H 1k B e KA BE(EL, Z )
ARSEI IS D3R, B ] R ) S 2 o) BRI
W, DLC R sp® Zt (b B o s 3 A 35 1 2 119 o ik
YERT, tmir i XPS P Hras SR al LUAIE , 24 AL §2
9300 WIS A WEIE T sp” A Ak A ek B
Wt RS S 2% 1 1 R o sp” Zi= (LB B 22 R AIR
sp” 2 PSR U/ 23 S EUTT ) A MR P BEE R RIS {HL
J2, ISR AL 800 Wi il #5119 Al/a — C: H 3
5 BLAT e R RE AR 3 VAT PN J5 T8 - — 7
AT, FEAR IS DR ol T2 B TR A RE AR A S 55
BT DN, S IR I ) S5 R AR, 2
SEn#A N 300 WS K F] 800 W I T il £ ) Al/a —
C TR R0 2 094 AT foff A 2 A4 3 48 . 2 D R 4k
SRR, R B RRE P Y AL SR RIS I, b 4
Jg AL A B B B AR RIS B0 TR A A8 R



308 FE PR 2

$31 &

%5 3 —J5 1,800 W T il 5 119 Al/a — C: H K
REAT i 2, A5 4TI 1B AL 40K At
L2 S R A RS v o R 3] 43 A .

18
1 120
16 %/
g 14 / ?g
- i %
e o 2
8 12} 3
-g ii/ E
5 4
£ 10 f 18 £
—0— Hardness ii 5
g8 I —®— Elastic modulus
E 60
6 L 1 1 |
300 500 800 1000 1300

Sputtering power of Al target/W

Fig.5 The hardness and elastic modulus of Al/a - C: H
films deposited at different sputtering

power of magnetic Al target
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Fig.6 Internal stress of Al/a — C: H films deposited

at different sputtering power of magnetic Al target
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Fig.7  Friction coefficient versus sliding distance
for Al/a - C: H films deposited at different

sputtering power of magnetic Al target
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Fig.8 Wear rate of Al/a — C: H films deposited
at different sputtering power of magnetic Al target
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