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Abstract: MoS: coatings were prepared by unbalanced bipolar DC magnetron sputtering under different argon pres-
sures and for different deposition times, and the structure and morphology of MoS, coatings were determined and
observed respectively by X-ray diffractometry and scanning electron microscopy. The results show that at lower ar-
gon pressures of 0. 15 Pa and 0. 40 Pa, MoS: coatings are formed with the (002) basal plane parallel to the surface,
whereas the coating deposited at the argon pressure above 0. 60 Pa has the (002) basal plane perpendicular to the
surface. Two stages can be classified for the formation of MoS: coating. At the initial stage of coating formation,
the (002) basal plane with SMo-S layer structure grows on the substrate whatever the argon pressure is. And then
the coating under 0. 40 Pa argon pressure still grows with (002) laminate structure, but the coatings under 0. 88 Pa
and 1. 60 Pa argon pressures turn to grow with the mixed basal and edge orientations. The morphology and structure
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of MoS: coatings are highly related to their growth rate and the energy of sputtered particles.
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1 INTRODUCTION

MoS: coating is widely used as suitable solid
lubricant in space and dry cutting technology owing
to its hexagonal lamellar crystal structure!” .
However its lubricating properties result directly
from the as-deposited structure of MoS: coatings.
It is observed from the experimental tests that
MoS: coatings have a low friction coefficient ( less
than 0. 04),
sistance when their (002) basal plane is parallel to
Whereas MoS2 coatings with (002)
basal plane perpendicular to the surface have a high
friction coefficient ( larger than 0. 4),

long wear life and high oxidation re-
the surface.

poor wear
durability and low oxidation resistance'' . So the
as-deposited structure of MoS: coatings becomes
the detrimental factor for the effectiveness of lubri-
cant.

Since MoS: target is not a good conductor,
MoS: coatings are commonly prepared by reactive
DC or RF magnetron sputtering and IBAD tech-
1 MoS, coatings deposited by these
methods mostly have their (002) basal plane per-

niques

pendicular to the surface. MoS: coatings with
(002) basal plane parallel to the surface could be
obtained onlv under the specific conditions such as

. 12714
low partial pressure of water vapor' '~ ', vacuum

[ 15] [ 16]

heating' ' and low argon pressure

Unbalanced bipolar DC magnetron sputtering
technique, introduced and designed by Window
and Savvides''”, combines the characteristics of
DC and alternative current power, and is quite
suitable for the preparation of non-conductive coat-
ings (such as MoS2, Teflon) at lower argon pres-
sure. In this work, unbalanced bipolar DC magne-
tron sputtering method is applied to develop MoS:
coatings under different argon pressures and for
different deposition time. Microstructure and mor-
phology of coatings are determined and observed
by SEM and XRD techniques to explore the growth
mechanism of MoS: coatings and the precise condr
tions by which the coating with (002) basal plane

parallel to the surface can be prepared.
2 EXPERIMENTAL

2.1 Preparation of coatings
A bipolarpulse unbalanced DC magnetron
sputtering system was used in this work for the

Uo7 A MoS:, target
made by Target Materials Inc. with a diameter of

deposition of MoS2 coatings

75 mm and a purity of 99% was used. Silicon wafer
with ( 100) orientation was applied as the sub-
strate, and the target-to-substrate distance was
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maintained at 65 mm. The base vacuum pressure
was about 1.0 x 10" ° Pa. Before initiating coating
deposition, the substrates were etched at a cathode
current density of 2 mA/cm? and a bias voltage of
— 600 V for 10 min, and then the shutter was
closed. MoS:2 target was presputtered for 10 min
under conditions identical to the selected deposition
parameters before re-opening the shutter. MoS:
coatings were deposited at the cathodic current
density of 10 mA/em?®, argon pressures ranging
from 0. 15 Pa to 3. 10 Pa with the same deposition
time ( 14 min), or for different deposition time (1~
28 min) under the argon pressures of 0.40 Pa,
0. 88 Pa and 1. 60 Pa.

During the deposition process, the substrate
was cooled by the water-cooling system which was
mounted at the back of the substrate, and only one
parameter was varied at one time.

2.2 Characterization of coatings

A laser profilometry ( Rodenstock RM600)
was used to measure the height of the edge be-
tween deposited and un-deposited parts on the sub-
strate, and this height was characterized as the
coating thickness.

The coatings were analyzed for their crystal
orientation by X-ray diffractometer ( Siemens
D5000, Cu Kq at a wavelength of 0. 154 nm). The
surface morphology was observed by scanning elec
tron microscopy ( Philips XL-30), and the argon
content in the coating was determined by energy
dispersive spectrometry( EDS) .

3 RESULTS

3.1 Effect of argon pressure

The surface morphology and XRD patterns of
MoS:2 coatings deposited at different argon pres-
sures are shown in Fig. 1 and Fig. 2, respectively.
At lower argon pressures of 0. 15 Pa and 0. 40 Pa,
MoS:2 coatings have a smooth, compact and fea
tureless morphology (Fig. 1(a)). And there is only
(002) basal plane orientation parallel to the surface
in the coatings. (100) and ( 110) edge orientation
peaks are not noticed (Fig.2). This implies that
MoS:2 coatings deposited at lower argon pressures
have (002) plane parallel to the surface.

At argon pressure of 0. 60 =~ 3. 10 Pa, MoS;
coatings have a porous, needle or worm-like micro-
structure, and the grain size and the porosity of
these coatings become greater with the argon pres-
sure increasing ( Fig. 1(b) and Fig. 1(¢)). As for
the XRD pattern, ( 002) basal orientation, and
(100) and (110) edge orientations coexist in the
MoS:2 coatings. And it is also found that the ratio
of the intensity of edge orientations to basal orien-
tation increases obviously with the deposition
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Fig. 1 Surface morphologies of M oSz coatings

deposited under different argon pressures
(a) —0.40 Pa; (b) —0.88 Pa; (c¢) —3.10Pa

26/(°)

Fig. 2 XRD patterns of M oSz coatings

deposited under different argon pressures

argon pressure increasing, i.e. MoS: coatings de
posited at 0. 60 ~ 3. 10 Pa have the basal plane per
pendicular to the surface or the edge plane parallel
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to the surface.

3.2 Effect of deposition time

Regarding the effect of argon pressure on the
structure of MoS: coating discussed above, three
typical argon pressures of 0. 40 Pa, 0. 88 Pa and
1. 60 Pa are chosen to determine the effect of depo-
sition time or coating thickness. Fig. 3 and Fig. 4
show the variation of surface morphology and XRD
pattern of MoS: coatings deposited under these
three argon pressures with different coating thick-
ness (i.e. deposition time) .
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Fig. 3 Surface morphologies of
MoS: coatings deposited at 0. 88 Pa with

different coating thickness
(a) —0.18 Hm; (b) —0.70 Pm; (c¢) —1. 80 Hm

At 0.40 Pa argon pressure, the morphology of
all MoS2 coatings is featureless whether the film
thickness is 0. 16 Hm or 2.80 Pm (1 ~ 28 min).
There is only a (002) peak in the XRD pattern.
(100) or (110) edge orientation peaks are not
found (Fig.4(a)). These results demonstrate that
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Fig. 4 XRD patterns of MoS: coatings with
different coating thickness

deposited at different argon pressures
(a) —0.40 Pa; (b) —0.88 Pa; (¢) —1.60 Pa

MoS: coatings grow in S"Mo-S lamellar structure
throughout the coatings.

At 0. 88 Pa and 1. 60 Pa argon pressures,
MoS: coatings have a smooth surface and a fine
grain size at the initial stage of formation (the film
thickness is about 0. 18 Hm, shown in Fig. 3(a)).
Corresponding to this morphology, there is only a
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strong (002) peak in the XRD pattern, and ( 100)
or (110) peak is too small to be noticed. With the 24 (2) 14 min
elongation of deposition time, MoS: coatings are
gradually evolved with needlelike structure. Boki s
M eanw hile, the grain size and porosity of the coat-
ings increase (Fig. 3(b) and Fig. 3(c)). Reflected \g 1.8F
in the XRD patterns, the intensity of edge orienta- 8
tion { 100) zmd { 110) peuks is raised greatly with 2 15}
the coating thickness (Fig. 4(b) and Fig. 4(c)). At =
1. 60 Pa pressure, the intensity of ( 100) or ( 100) 12k
peaks is larger than that of (002) peaks at the
coating thickness of 2. 10 Hm ( Fig. 4(c¢)). These 0.9 ) . . ) , ,
results indicate that there is a transition from 0 04 08 12 16 20 24 28
(002) basal plane orientation to the mixed (002) Argon pressure/Pa
basal and ( 100) or (110) edge orientations or to 3.0
the edge dominant orientation for the formation of ®)
MoS: coating at 0. 88 Pa and 1. 60 Pa pressures. 2.51
4 DISCUSSION £ 201
(]

4.1 Growth rate £ b

Fig. 5 shows the dependence of coating thick- = 1LOF
ness on argon pressure and deposition time. With ::ggggz
the increase of argon pressure, the coating thick- 0.5+ «—1.60Pa
ness for the same deposition time (i. e. growth
rate) increases obviously (Fig. 5(a)). At the ini 0 5 T is 0 25 30

tial stage of formation, the thickness of M oSz coat-
ings under different argon pressures is almost the
same. But with the prolongation of deposition
time, the coating thickness at higher argon pres-
sure is larger than that at lower pressure, i.e. the
higher the argon pressure, the larger the growth
rate of MoS: coating (Fig. 5(b)).

From the results shown in Fig. 1 74, it can be
observed that MoS: coatings will grow with (002)
basal plane parallel to the surface under the lower
growth rate such as at 0. 40 Pa or at the initial
stage of 0. 88 Pa and 1. 60 Pa. Under higher
growth rate, especially at higher argon pressure
and the final stage of the coating, MoS: coatings
will be formed with the mixed (002) basal and
(100) or (110) edge orientations. When forming in
basal plane orientation, the deposited coatings
have a smooth and compact surface owing to the
lower growth rate. Otherwise when growing in the
mixed basal and edge orientations, MoS: coatings
will develop in a rough, porous, needlelike mor-
phology, and have a larger grain size because of the
higher growth rate. These results are consistent
with the Buck's conclusions' ' that the density of
MoS: coating in (002) basal orientation is greater
than that in edge orientation.

4.2 Energy of sputtered particles

It's well known that the formation of coating
is related not only to the growth rate but also to
the energy of the sputtering-deposition particles.

Deposition time/min

Fig.5 Variation of thickness of
MoS: coatings with argon pressure and

deposition time
(a) —Argon pressure; (b) —Deposition time

The higher the energy of the sputtering-deposition
particles, the more easily the coatings are formed
in a compact structure (i.e. (002) basal plane ori-
entation) due to the greater bombardment effect of
the sputtering-deposition particles to the formerly
deposited film'"'.

According to the thermodynamics theory, the
vacuum chamber contains larger amount of argon
atoms at higher argon pressure, and then the argon
atoms have a higher collision probability with the
sputtered particles. So the argon atoms and sput-
tered particles lose their energy to reach the sub-
strate, 1. e. the bombardment effect of argon atom
and sputtered particle to the coating is reduced.
Thus the porous and rough structure of MoS: coat-
ings will be formed, meanwhile the content of ar-
gon atoms in the coatings will be dropped down.
This conclusion could be supported by the content
of argon element in the MoS: coatings presented in
Table 1. With the increase of argon pressure, the
content of argon atoms in coatings decreases by

about 3%~ 5% .
Considering the effect of growth rate and
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Table 1 Contents of argon element in
MoS: coatings deposited at
different argon pressures

Argon pressure/ Pa  Argon content( molar fraction)/ %

0.15 4.99
0.40 4.59
0. 60 1.34
0.88 1.20
1.60 0.55

the energy of sputtered particles, it can be seen
that MoS: coatings at 0. 40 Pa are formed in S-Mo-
S layer structure, and have a smooth, compact
surface owing to the lower growth rate and higher
energy of sputtered particles. Whereas at higher
pressures of 0. 88 Pa and 1. 60 Pa, the coatings are
formed in mixed basal and edge orientations and
have a rough, porous surface because of the higher
growth rate and lower energy of sputtered parti-
cles.

S CONCLUSIONS

1) At lower argon pressures of 0. 15 Pa and
0.40 Pa, MoS2 coating is formed with the (002)
basal plane parallel to the surface; whereas the
coatings deposited at the argon pressure above
0. 60 Pa have the (002) basal plane perpendicular,
or (100) and (110) edge planes parallel to the sur-
face.

2) Two stages can be classified for the forma-
tion of M oSz coating. At the initial stage of coating
formation, the (002) basal plane with SSMo-S lay-
er structure is grown on the substrate whatever the
argon pressure is. Then the coating at lower argon
pressure still grows with the (002) layer struc
ture, but the coating under higher argon pressures
will turn to grow with the mixed basal and edge
orientations.

3) Under the condition of lower growth rate
MoS2

coatings have a smooth and compact morphology

and higher energy of sputtered particles,

with (002) basal plane orientation parallel to the
surface. Otherwise, the rough and porous micro-
structure, and mixed (002) basal and edge orienta-
tions will be evolved.
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