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Table 1 Process parameters of magnetron sputtered

MoS; films
Sample DC bias/V  Pulse bias/V  Duty cycle factor/%
At 50 100 15
B# 50 300 15
C# 50 600 15
D# 50 800 15
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Fig.1 XRD patterns of MoS; coatings with different process

parameters
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Fig.2 SEM images of MoS, coatings with different process parameters: (a) A#, (b) B#, (¢c) C#, and (d) D#
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Fig.3 Surface morphologies of MoS, coatings with different process parameters: (a) A#, (b) B#, (c) C#, and (d) D#

F2 MoS: AEFRHEMAME
Table 2 Surface roughness of MoS, films

#3 AEIZEHT MoS; xEHI N F144EE
Table 3 Mechanical properties of MoS, coatings with

Sample Projected area/pum’ Ry/nm R./nm different process parameters
Sample E./GPa H/GPa H/E, H/E?
A# 221.703 171.710
N 46.78 225 0.048 0.0052
B# 212.750  164.776
Bi# 49.89 2.79 0.056 0.0087
C# 289.321  215.208 C# 40.10 1.43 0.036  0.0018
D# 114.189  95.3696 D# 61.28 4.64 0.075 0.0270
6000 2.4 HRBEREEF 4R
so00l D;*# Bl S 45 H T AN IR e s DR MoS, ¥R JZTE K
2000k AUPREE R BT 1300 g (AR 22 % 325 1000 MPa)
% 0ol b ORSHE ML . I S TTLLE e, 43T 1320 s,
o CH N N Y SR
‘5’2000_ PR 2.83 m ), FEARMREER 18 R £ H I Bk X 8Ok,
=~ N e I . \, o
1000k JFAE 0.24~0.33 X[ B): 4 FiR 2L BB LRRY B
ol (0~300 ) MIEEBE R B ZENE LTT, BEJA & IR)2 EHE R
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Displacement/nm
4 T EX MoS, ¥ )= B - B 4 i) 5 i

Fig.4 Effects of process parameters on load-displacement curves

of MoS; coatings
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Fig.5 Friction coefficients of MoS; coatings with different

process parameters
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B B A DX SRR A L, A0 R SR 2 I ) R i R
PR ER R T | MoS, #8701 2S5 KREB I T
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Vil # BOUR JE R T (002) M FEAR ARG, i TR T
c AR ET, >R EEER LS, ST
SIYI I 5 T s, B LB HE R BB s 600 VI
HA B R IZ /N o T, KR O S 800 Vil 4 VR =
300 V EUE, WTERMERIR AN )RR 8 SN DT,
WAL 28 PR T RIOGE S R (1 B3 25 50, DT A 3% U2 19
JEE R AL

P 6 kg xo f BROPIRE it 0 el PR B R 6 J — 4
JREC I, 7 N RE S BN AR ER R MRS, K 4
N BEEEE] EDS RENS 0 HT, K 5 AR L Z S HIRIE )
JELEAVERE s HorP paman N PEHR B B R P K RS R
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Fig.6 Profiles of cross sectioned worn surfaces of MoS, coatings

500 pm

100 pm

B 7 SO B R AR IR T 30
Fig.7 Surface morphologies of MoS, coatings (a~d) and friction pair (e~h) at different pulsed bias:
(a, e) 100V, (b, £) 300V, (c, g) 600 V, and (d, h) 800 V
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J2 J5 PRIRE: o BB SR VR FRE 05 P M B A0 3R I S N TR A
4 FEARFIMPT T ESHAM LR, WA 600 V il &%
R IZE, BERBURONILARI 27.3%, {8 BEE X 5 it W 45¢
I B A, fRATH AT AN LA N IRIERA
2 (100) I B E 1), HL R ki K, STl ER
TR 2 T AR R I AR Uk 2 180T A EL ML &0
S AEAH LI By Ik R v S A i s ORL B s, MR
SR, SUE BB, BB 1 3 O [m] s AR ) 7 4
AR, BIRR RO RS, 1 ORI — AL .
fli F 4 100+ 300 A1 800 V Hl % k)2, Wik 4 fiox,
T AF R P B85 453 X 3 A ARSI 3 B GCrl5 SRR AR S
Mo Ji %, HTXHERAS S Mo Jt%, w HKiiZc
FoRA TESE DR ZM B, HiX 2 s
THRZERAT (002) AR, R T ER S
B0 PR R AR T 1o R o i e A AR I T R AR
T ARS8 B D) ) L PR AL T MoS, 43 1 )2 [RI 1)
AR, A R B T e il X A S AR BTN g, K
BEAR T RS Wk 5 PR, kA 100 V il %
(PR )2 LB R Ry FEAR 1R 23.78%, i Hs A 300 V il %
FRI98 2 LR R O FE AR 23.3%; Ml 800 V il 4% 1
WA T REDCHE SR, IS0, BRRE
Bk, HAT TN IIOF 34 R R 5 (0.066) FTEEH 2R (5.20
X 10° mm*/(N-m)) , HEERBURAFEARR 13.5%, it
HH % i s 11085 PR R J2 A0 OB R B 0 1Pk e g iz
T AR T S R

F 4 [FE¥EE| EDS gL ST
Table 4 EDS analysis of friction pair (w/%)

Sample (0] Al Ti Fe S Mo
A# 4.87 2.08  42.15 4231 2.55 6.04
B# 4.26 2.12  40.19  42.88 3.04 7.51
C# 10.70  3.22 39.11 44.78 - 2.19
D# 3.35 2.63 37.67  43.33 3.68 9.34

£5 AERILZEMHT MoS: & BRI EEF R
Table 5 Tribological properties of MoS; coatings with different
process parameters

. WIx10?
Sample  fimax.  HMave. L/um  H/um  V/mm 3 1

mm’+(N-m)
Substrate 0.337 0.204 602 9.077 0.056 38.4
A# 0.096 0.069 532 2427 0.013 9.13
B# 0.093 0.065 579 2.082 0.013 8.94
C# 0.097 0.076 756 2.583 0.015 10.4
D# 0.081 0.066 485 1.179 0.007 5.20

3 & it

1) WENRA K Z WA, kb w Hs i 100
300 V 1 E] 600 VI, MoS, ¥ )2 B EL R & 2E T (002)
[ (100)4 4%, Mk B3 2 800 VI X KK (002)
PEOLH ) .

2) sk 800 V il HIREHMERE A 61.28
GPa, fifijhy 4.64 GPa, FILH RUFH S PERE.

3) VR JEAE KA IR B R R R 5 R K B ok O
S R0 52 B 1G K s 800 VI
PR =R I B AT BE e, EEHE R Eh 0.066,
BRI 5.20x107° mm?/(N-m).
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Structure and Tribological Properties of MoS, Films Deposited
by Unipolar Pulse Magnetron Sputtering

Dan Min, Luo Rongrong, Zhou Yi, Li Jian, Jin Fanya
(Southwestern Institute of Physics, Chengdu 610041, China)

Abstract: MoS, films were prepared on A286 substrate by unipolar pulse magnetron sputtering. The morphology, microstructure and
composition of the films were characterized by scanning electron microscopy, X-ray diffractometer. The mechanical properties and
tribological behavior in air of the films were investigated by nano-indentation tester and ball-on-disc tribotester. The effects of pulsed bias
on microstructure, mechanical properties and tribological properties of MoS, Films were analyzed. The results show that the preferential
oriention of coatings changes from (002) to (100) in advance with the pulse bias voltage increasing from 300 V to 600 V. When the pulse
bias voltage increase to 800 V, the preferential oriention renews to (002), and the film is of smooth and compact structure. With the pulse bias
voltage increasing, the hardness and elastic modulus decrease firstly and increase afterward. The friction coefficient fluctuates in the range of
0.065~0.076 and shows the tendency of increasing firstly and decreasing afterward. When the bias voltage is 800 V, the friction performance is
the best. The wearing rate is only 13.5% of the substrate, showing the lower friction coeffient and the good wearing resistance.

Key words: unipolar pulse magnetron sputtering; MoS.; mechanical property; tribological property
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