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MAGNETRON SPUTTERING COATING
DEVICE, A NANO-MULTILAYER FILM, AND
THE PREPARATION METHOD THEREOF

CROSS REFERENCE OF RELATED
APPLICATIONS

[0001] This application claims the benefit of Chinese
Patent Application No. 201210151152.2, filed on May 15,
2012, and Chinese Patent Application No. 201220218296.0,
filed on May 15, 2012, which are incorporated by reference in
their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a material prepara-
tion field, particularly to a device for preparation of a nano-
multilayer film, a nano-multilayer film and the preparation
method thereof.

BACKGROUND

[0003] Vacuum magnetron sputtering technology has been
widely used for coating surfaces of substrates. For example,
such technology can be used for coating such as diamond-like
carbon (DLC) material on surfaces of medical surgical equip-
ment, human implantation medical materials, and engineer-
ing tools. The coating will significantly increase hardness and
wear resistance of the substrate.

[0004] Because a diamond-like carbon material has a large
internal stress, and does not have a high binding force with
metal or alloy materials, it is prone to rupture or peeling under
a high load or load impact. In particular, if such coatings are
used on a human implantation product, the peeling of dia-
mond-like carbon may produce debris, which will aggravate
the wear of the implantation product and reduce the service
life of the product.

[0005] In order to resolve the above problems, the present
disclosure provides a nano-multilayer film, which can
increase the wear resistance of the substrate, increase the
binding force with the substrate, and improve lubricity.

SUMMARY

[0006] The present disclosure provides a magnetron sput-
tering coating device. According to some embodiments, the
magnetron sputtering coating device includes a deposition
chamber, a rotating stand positioned within the deposition
chamber and having a rotating axis, two first sputtering cath-
odes and a second sputtering cathode located on a circumfer-
ence concentric with the rotating axis. The second sputtering
cathode contains a material different from the two first sput-
tering cathodes. The magnetron sputtering coating device
may further include a baffle fixed on the rotating stand and
divides the deposition chamber into at least two areas. The
baftle separate at least one first sputtering cathode into one
area, and the second sputtering cathode into another area.

[0007] The present disclosure also provides a method for
preparing a multilayer film on a substrate. According to some
embodiments, the method for preparing a multilayer film on
a substrate includes providing at least one first sputtering
cathode in a deposition chamber, providing at least one sec-
ond sputtering cathode in the deposition chamber. The second
sputtering cathode includes a sputtering material that is dif-
ferent from the first sputtering cathode. The method may
further includes providing a first current to the at least one first
sputtering cathode for sputtering the substrate, and increasing
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the first current gradually, providing a second current to the at
least one second sputtering cathode for sputtering the sub-
strate and decreasing the second current gradually, and rotat-
ing the substrate within the deposition chamber to alterna-
tively sputter the substrate with the at least one first sputtering
cathode or the at least one second sputtering cathode.

[0008] The present disclosure further provides a multilayer
film prepared by magnetron sputtering coating. According to
some embodiments, the multilayer film prepared by magne-
tron sputtering coating includes a transition layer on a sub-
strate. The transition layer includes a titanium layer and a
mixed layer of titanium carbide and quasi-graphite on the
titanium layer. The multilayer film may further includes a
composite layer on the transition layer. The composite layer
includes a multilayer structure with a quasi-graphite layer and
a diamond-like carbon layer alternately laminated. The quasi-
graphite layer includes 60% of materials by mass with a sp2
bond and the diamond-like carbon layer includes 70% of
materials by mass with a sp3 bond. The multilayer film may
further includes a diamond-like carbon layer on the compos-
ite layer. In the multilayer film, in a direction from the sub-
strate to the diamond-like carbon layer, the mass percentage
of titanium in the mixed layer of titanium carbide and quasi-
graphite is gradually decreased, while the mass percentage of
carbon is gradually increased.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0009] The above and/or additional aspects and advantages
of'the present invention will become obvious and comprehen-
sible from the following description of the examples with
reference to the drawings.

[0010] FIG. 1 is a sterecoscopic schematic view of a mag-
netron sputtering coating device according to an example of
the present disclosure.

[0011] FIG. 2 is a top schematic view of the magnetron
sputtering coating device as shown in FIG. 1.

[0012] FIG. 3 is a top schematic view of the magnetron
sputtering coating device according to another example of the
present disclosure.

[0013] FIG. 4 is a sectional schematic view of a nano-
multilayer film in combination with a metal material accord-
ing to an example of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] For better understanding the technical solution and
beneficial effects ofthe present invention, the examples of the
present invention will be described in detail below. The
examples described below with reference to the drawings are
exemplary only for explanation rather than restriction of the
present invention.

[0015] FIG. 1 and FIG. 2 show a stereoscopic and top
structural schematic view of a magnetron sputtering coating
device according to an example of the present disclosure.
According to some embodiments, the magnetron sputtering
coating device includes a deposition chamber 100, a rotating
stand 102, sputtering cathodes, and a support platform 140, as
well as a first rotation system (not shown in the drawing) for
driving the rotating stand 102 to rotate around a central axis of
the rotating stand. The coating device may further include
other suitable parts, for example, a heating device, a tempera-
ture control system, a cooling water circulation system, and a
power supply system electrically connected with the sputter-
ing cathode (not shown in the drawing).
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[0016] In some embodiments, the sputtering cathodes
include two first sputtering cathodes 120a and 1205 and one
second sputtering cathode 130, which are arranged on a cir-
cumference 104 concentric with the rotating stand 102. The
circumference 104 where the sputtering cathodes are located
can either be an actual component such as an inner wall of the
deposition chamber 100, or a virtual circumference such as
any position between the rotating stand 102 and the inter wall
of the deposition chamber 100. In some embodiments, the
two first sputtering cathodes 120a and 1205 may be arranged
parallel to each other and at points that equally divide the
circumference 104. The second sputtering cathode 130 may
be positioned in the middle of cathodes 1204 and 1205, such
that the second sputtering cathode 130 divides the arc
between the two first sputtering cathodes 120a and 1205 to
two equal parts. The arc between the two first sputtering
cathodes 120a and 1205 is substantially 180°, while the arc
between the second sputtering cathode 130 and the first sput-
tering cathodes 120a and 1205 is substantially 90°. The first
sputtering cathodes 120a and 1205 can be a sputtering cath-
ode of a certain chemical element. The second sputtering
cathode can be a sputtering cathode of another chemical
element. The sputtering cathode material can be selected
according to a specific product that needs to be coated. For
example, the first sputtering cathodes can have a graphite
target while the second sputtering cathode can have a titanium
target. In some other examples, the first sputtering cathodes
can have a graphite target while the second sputtering cathode
can have a tantalum target.

[0017] In some other examples, the two first sputtering
cathodes 1204 and 1205 and the second sputtering cathode
130 can also be arranged on other positions on the circumfer-
ence 140. For example, the arc between the two first sputter-
ing cathodes 120a and 1205 can be any angle ranging from
180° to 240°. The second sputtering cathode 130 can be
positioned in the middle of the first sputtering cathodes 120a
and 1205. The arc between the second sputtering cathode 130
and the first sputtering cathode 120a/1205 can be any angle
ranging from 90° to 120°. In the example shown in FIG. 3, the
arc between the second sputtering cathode 130 and the first
sputtering cathodes 120a and 1205 is 120°.

[0018] In some embodiments, the rotating stand 102 may
be a circular platform. The device may also include a baffle
110 fixed on the rotating stand 102. The baftle 110, which
may be a plate, can be made from titanium, aluminum, stain-
less steel and the like or a combination thereof. As shown in
FIG. 1, the baffle 110 is positioned along a diameter of the
rotating stand 102 and is arranged perpendicular to the rotat-
ing stand 102. The baffle 110 divides the rotating stand 102
into two mutually independent arecas 102-1 and 102-2. In
some embodiments, both ends of the baftle 110, in the direc-
tion perpendicular to the rotating stand (the direction ofthe Z
axis), are beyond both ends of the sputtering cathodes 120a,
1205 and 130. The baffle 110 blocks one or more of the
sputtering cathodes 120a, 1205 and 130 in a certain area, and
allows the coating of certain sputtering cathodes in the oppos-
ing area. In order to achieve a better blocking effect, the baffle
110 may have a width bigger than the diameter of the rotating
stand 102, where the width refers to the length of the baftle
along the diameter of the rotating stand 102. In some embodi-
ments, the distance “d” between the baffle 110 and a closest
point on the circumference of the support platform 140 where
the sputtering cathode is located is 2-10 cm.
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[0019] The rotating stand 102 may be provided with a first
rotation system (not shown in the drawing) for driving the
rotating stand 102 to rotate around a central axis of the rotat-
ing stand 102. The rotating stand 102 and the baffle 110 can
both rotate around the central axis of the rotating stand 102.
When the rotating stand 102 rotates to a position, e.g. the
position as shown in FIG. 2, with the blocking of the baffle
110, an area 102-1 of the rotating stand 102 is exposed to the
first sputtering cathode 1204 (e.g., the graphite target) and the
second sputtering cathode 130 (the titanium target), allowing
the product (or the substrate) to be coated in the area 102-1 to
be coated with a film of carbon:titanium carbide (a mixed
layer of carbon with titanium carbide); while another area
102-2 of the rotating stand is exposed to the first sputtering
cathode 12054 (the graphite target), thus allowing the product
in the area 102-2 to be coated with a carbon film. With the
rotation of the rotating stand 102, the product in different
areas will be coated alternately with the carbon:titanium car-
bide film and the carbon film, thus realizing the coating of the
product with a nano-multilayer film. The thickness of a single
layer can be controlled by adjustment of the rotational speed
of the rotating stand.

[0020] In some other examples, the baffle 110 can also be
placed at other positions on the rotating stand 102, but not
necessarily along the diameter. The baffle 110 may be a bent
plate or any other shape that divides the rotating stand 102
into two separate areas.

[0021] The device may further include a second rotation
system for driving the support platform 140 to rotate around
the central axis of the support platform 140. As shown in FIG.
1, multiple support platforms 140 can be arranged on the
rotating stand 102 on a support rod 160. The support plat-
forms 140 can be positioned at intervals on the same support
rod 160. The support platform 140 is used to support the
substrate (or product) 150 to be processed, which can be
uniformly arranged on the circumference of the support plat-
form 140. With the rotation of the support platform 140
around its axis, the coating on each of the products to be
coated on the support platform 140 can be uniform.

[0022] In some other embodiments, four sputtering cath-
odes (not shown in the drawing) can be used around the
rotating stand 102. The sputtering cathodes can include two
first sputtering cathodes and two second sputtering cathodes.
The two first sputtering cathodes can be arranged opposite to
each other, and the two second sputtering cathodes can be
arranged opposite to each other. The four sputtering cathodes
can be arranged at equal intervals on a circumference. In some
embodiments, during the preparation of the multilayer film,
one of the second sputtering cathodes can be kept idle. The
corresponding parameters such as the target current and volt-
age may be set for the two first sputtering cathodes and one of
the second sputtering cathodes instead of for the other second
sputtering cathode, which is not used for sputtering and in an
idle state. In the example, although four sputtering cathodes
are arranged, they may not be used for sputtering at the same
time.

[0023] The substrate to be coated can either be human
implantation equipment such as a bone articular head or
acetabular cup, or be other substrates such as engineering
items. The substrate can be made of metal or alloy materials
or other materials.

[0024] The present disclosure also provides a method of
coating a substrate using the above-described magnetron
sputtering coating devices. According to some embodiments,
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the method may include a first, second, and third sputtering
stage. In the first sputtering stage, a working current of two
first sputtering cathodes may be set to 0. A second sputtering
cathode is set to have a working current of a first predeter-
mined current value and to be at a constant voltage mode. The
working bias voltage is kept at a first predetermined bias
voltage and then the sputtering of a first predetermined dura-
tionis performed. Then, all sputtering cathodes are set to be at
a constant voltage mode, and the working bias voltage is kept
at a second predetermined bias voltage. The working current
of the two first sputtering cathodes, starting from an initial
working current I1, is increased by AIl at intervals of a first
time interval T1, until reaching a second predetermined cur-
rent value; the working current of the second sputtering cath-
ode, starting from the first predetermined current value, is
decreased by Al2 at intervals of a second time interval T2,
until reaching a third predetermined current value.

[0025] In the second sputtering stage, all sputtering cath-
odes are set to be at a constant voltage mode, and the working
bias voltage is kept at the second predetermined bias voltage.
The working current of the second sputtering cathode is set to
and kept at a fourth predetermined current value, and the
working current of the first sputtering cathode is kept at the
second predetermined current value or is set to and kept at a
fifth predetermined current value, and then the sputtering of a
second predetermined duration is performed.

[0026] In the third sputtering stage, the working bias volt-
age is kept at the second predetermined bias voltage, the
working current and voltage of the second sputtering cathode
are set to be zero, and the first sputtering cathode is kept at the
working current of the second sputtering stage or is set to and
kept at a sixth predetermined current value, and is kept at the
constant voltage mode, and then the sputtering of a third
predetermined duration is performed.

[0027] Insome embodiments, a method for sputtering may
use three sputtering cathodes, i.e., two first sputtering cath-
odes and one second sputtering cathode. In some other
embodiments, another second sputtering cathode may be
used. Alternatively, the second sputtering cathode may be
kept in an idle state and kept from being used in the prepara-
tion of the nano-multilayer film.

[0028] In some examples, the first sputtering cathodes of
the magnetron sputtering coating device are titanium targets,
and the second sputtering cathode is a titanium target. First,
the substrate to be coated (or the product to be coated) is put
on the support platform 140 in the deposition chamber 100.
The deposition chamber 100 is vacuumed to 2x10~* Pa, with
high pure argon introduced at a flow of 25 sccm. Then, the
sputtering cathodes can be cleaned, and all the sputtering
cathodes can be applied with a current of 0.4 A and a voltage
of 500V for 20 minutes for cleaning.

[0029] The sputtering can then be performed. During the
whole sputtering process, with the rotating stand 102 rotating
at a constant speed, the substrate to be coated can also be
rotated. More specifically, in a first sputtering stage, the first
predetermined current value of the second sputtering cathode
can be set at 3.0-7.0 A, the voltage of the second sputtering
cathode can be set at 800V. The first predetermined bias
voltage is 100-200V, and the first predetermined duration is
5-15 min. The working bias voltage can be set at the second
predetermined value of 60-130V, wherein, the two first sput-
tering cathodes can be set at the initial working current I1 of
0.5-2.0 A. For the two first sputtering cathodes, at a time
interval of, for example, 5-15 min, their working current is

Nov. 21, 2013

increased by a certain value, for example, 0.5-1.5 A, until
their working current is increased to a predetermined value,
for example, 4.0-7.0 A. For the second sputtering cathode, at
a time interval of 5-15 min, its working current is decreased
by a certain value, for example, 0.5-1.5 A, until its working
current is decreased to a predetermined value such as 0-3.0 A.
That is, during the sputtering process of the first stage, the
current of the first sputtering cathode is increased, e.g., step-
wise, and the current of the second sputtering cathode is
decreased, e.g., stepwise. The increase amount at each step
and the decrease amount at each step may be the same or
different. The time intervals for each step for the first sputter-
ing cathodes and the second sputtering cathode may be the
same or different. The voltages for the first sputtering cath-
odes and the second sputtering cathode may be kept constant
in the whole process. After a period of sputtering, such as for
50-100 min, the transition layer of 300-500 nm in thickness
composed of titanium film and a mixed layer of TiC and
quasi-graphite can be deposited onto the product, which can
be a metal material. Because the current gradients of different
targets are controlled in the process as described above, the
mass percentage of Ti in the transition layer, from a layer in
proximity to the metal material layer of the product to an
upper layer, is decreased gradually from a higher percentage
to a lower percentage. The mass percentage of C is increased
gradually from a lower percentage. Thus, the binding force
with the substrate, especially the substrates of metal or alloy
materials, is increased, and also its lubricity is increased
gradually.

[0030] The mixed layer of titanium carbide and quasi-
graphite refers to a layer of titanium carbide mixed with the
quasi-graphite. That is, the mixed layer contains both quasi-
graphite and titanium carbide.

[0031] In the second sputtering stage, the working current
of'the first sputtering cathode can be kept at 4.0-7.0 A, which
is the last predetermined value of the first sputtering stage.
The working current of the first sputtering cathode can also be
set and kept at a desired predetermined value such as 4.0-7.0
A. Meanwhile, the working current of the second sputtering
cathode is set and kept at a desired predetermined value such
as 0.5-2.0 A. The voltage of all sputtering cathodes can be
kept at a constant voltage of 800V. Sputtering can be per-
formed for 120-400 min, during which the working bias volt-
age is kept constant of the second predetermined bias voltage.
Under these processing conditions, a composite layer of
1600-3300 nm is formed, which is a multilayer structure with
the quasi-graphite layer (the content of sp? is about 60%) and
the diamond-like carbon layer (the content of sp is about
70%) alternately laminated.

[0032] In the third sputtering stage, the working bias volt-
age is kept at constant of the second predetermined bias
voltage. The voltage and current of the second sputtering
cathode are decreased to 0, making it idle, and the current of
the two first sputtering cathodes is reset to a desired prede-
termined value such as 4.0-7.0 A. The current of the two first
sputtering cathodes can also be kept at the current of the
second sputtering stage. The voltage of the two first sputtering
cathodes is kept at a constant voltage of 800V. At this stage,
sputtering is performed for 15-20 min. Under these process-
ing conditions, a diamond-like carbon top-layer film of about
100 nm is separately formed on the composite layer. The
quasi-diamond of a high hardness makes the nano-multilayer
film have better hardness and wear resistance. At this stage, a
nano-multilayer film in combination with the substrate is
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formed. The mass percentage of C in the formed nano-mul-
tilayer film is 70%-97.6%, and the mass percentage of Ti is
2.4%-30%.

[0033] Furthermore, the present disclosure further provides
a nano-multilayer film formed by the above-described
method with the above-described device, as shown in FIG. 4.
The nano-multilayer film includes a transition layer 210
including a Ti film and a mixed layer of TiC and quasi-
graphite on the substrate 200, a composite layer 212 of alter-
nately laminated diamond-like carbon and quasi-graphite on
the transition layer 210, and a diamond-like carbon top-layer
film 214 on the composite layer 212. The content of sp® in the
quasi-graphite layer is 60% and the content of sp® in the
diamond-like carbon layer is 70%. In the direction from the
substrate 200 to the diamond-like carbon top-layer film 214,
the mass percentage of Ti in the mixed layer is gradually
decreased, while the mass percentage of C is gradually
increased. The composite layer 212 includes a multilayer
structure with the quasi-graphite layer 212q and the diamond-
like carbon layer 2125 alternately laminated. There can be no
limit to the number of the quasi-graphite layer and the dia-
mond-like carbon layer in the composite layer 212. The inter-
face of the nano-multilayer film where the transition layer is
in combination with the substrate contains higher content of
titanium and lower content of carbon, thus having a higher
binding force with the substrate, also having a low internal
stress and good lubricity. Thus, the hardness and wear resis-
tance are improved through the diamond-like carbon top-
layer.

[0034] Inaspecific example 1, the two first sputtering cath-
odes include graphite targets, while the one second sputtering
cathode includes a titanium target. The arc between the sec-
ond sputtering cathode and one of the first sputtering cathodes
in the sputtering device is substantially of 90°, the rotating
stand has a rotational speed of 1.5 rpm, and the substrate to be
coated is rotated on its axis. All the sputtering cathodes are
applied with a current of 0.4 A and a voltage of 500 V for 20
minutes of sputter cleaning. Before coating, the substrate to
be coated is put onto the supporting platform of the deposition
chamber, and the deposition chamber is vacuumed to 2x10™*
Pa, with the high pure argon introduced at a flow of 25 sccm.
Then the sputtering is performed. Working bias voltage is set
to 150V. One titanium target is set to have a constant voltage
of 800V and a current of 7.0 A, and sputtering of 10 min is
performed; then, working bias voltage is decreased to 100V.
The titanium target is kept at the constant voltage of 800V and
has a current decreased stepwise by 1.0 A at intervals of 10
min until down to 0. The two graphite targets are set to have
a constant voltage of 800V and a working current starting
from 1.5 A and increased stepwise by 1.0 A at intervals of 10
min until up to 7.0 A. After sputtering for 60 min, a transition
layer composed of titanium film and a mixed layer of TiC and
quasi-graphite (the ratio of C of the mixed layer is increased
gradually, while the ratio of Ti is decreased gradually) of
about 300 nm is deposited onto the substrate. And then, with
the current and voltage of the two graphite targets kept con-
stant, the current of the titanium target is increased to 1.0 A,
with the voltage kept at a constant voltage, the working bias
voltage is kept at 100 V. After 120 min, a composite layer of
1600 nm is formed on the transition layer, comprising a
quasi-graphite layer (the content of sp? is about 60%) and a
diamond-like carbon layer (the content of sp> is about 70%)
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alternately laminated. The current and voltage of the titanium
target can be then decreased to O, and the current of the
graphite target is increased to 7.0 A, with the voltage kept at
800 V. The working bias is kept at 100V. After 15 min, a
diamond-like carbon film of 100 nm is formed on the com-
posite layer. In the example, the mass percentage of C in the
formed nano-multilayer film is about 97%, and the mass
percentage of Ti is about 3%.

[0035] In another specific example 2, the two first sputter-
ing cathodes in the sputtering device are graphite targets, and
the one second sputtering cathode is a titanium target. The arc
between the second sputtering cathode and the first sputtering
cathode is substantially of 90°, the rotating stand has a rota-
tional speed of 2.0 rpm, and the substrate to be coated is
rotated on its axis. Before coating, the substrate to be coated
is put onto the support platform of the deposition chamber,
and the deposition chamber is vacuumed to 2x10~* Pa, with
the high pure argon introduced at a flow of 25 sccm. The
sputtering cathodes are applied with a current of 0.4 A and a
voltage of 500V for 20 minutes of sputter cleaning. Then, the
sputtering is performed. The working bias voltage is set to
120V. One titanium target is set to have a constant voltage of
800V and a current of 6.5 A, and sputtering of 5 min is
performed. The working bias voltage can then be decreased to
110V, and the titanium target is kept at the constant voltage of
800V and has a current decreased stepwise by 1.0 A at inter-
vals of 5 min until down to 0. The two graphite targets being
set to have a constant voltage of 800V and a working current
starting from 0.8 A and increased stepwise by 1.0 A at inter-
vals of 5 min until up to 6.5 A; After 80 min, a transition layer
composed of titanium film and a mixed layer of TiC and
quasi-graphite (the ratio of C of the mixed layer is increased
gradually, while the ratio of Ti is decreased gradually) of
about 400 nm are deposited onto the substrate. With the
current and voltage of the two graphite targets kept constant,
the current of the titanium target is increased to 1.5 A, with the
voltage kept at the constant voltage. The working bias voltage
is kept 110 V. After 180 min, a composite layer of 1800 nm is
formed on the transition layer, comprising the quasi-graphite
layer (the content of sp* is about 60%) and the diamond-like
carbon layer (the content of sp’ is about 70%) alternately
laminated. Then, the current and voltage of the titanium target
are decreased to 0. The current of the graphite target is
increased to 6.5 A, with the voltage kept at 800 V, and the
working bias being kept at 110V. After 15 min, a diamond-
like carbon film of 100 nm is formed on the composite layer.
In the example, the mass percentage of C in the formed
nano-multilayer film is about 92%, and the mass percentage
of Ti is about 8%.

[0036] In still another specific example 3, the two first
sputtering cathodes in the sputtering device are the graphite
targets, while the one second sputtering cathode is a titanium
target. The arc between the second sputtering cathode and the
first sputtering cathode is substantially of 90°, the rotating
stand has a rotational speed of 2.5 rpm, and the substrate to be
coated is rotated on its axis. Before coating, the substrate to be
coated is put onto the support platform of the deposition
chamber, and the deposition chamber is vacoumed to 2x10™*
Pa, with the high pure argon introduced at a flow of 25 sccm.
All the sputtering cathodes are applied with a current of 0.4 A
and a voltage of 500V for 20 minutes of sputter cleaning. The
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sputtering is performed. The working bias voltage is set to
150V. One titanium target is set to have a constant voltage of
800V and a current of 6.0 A, and sputtering of 12 min is
performed. The working bias voltage can then be decreased to
120V. The titanium target is kept at a constant voltage of 800V
and has a current decreased stepwise by 1.0 A at intervals of
12 minuntil downto 0. The two graphite targets are set to have
a constant voltage of 800V and a working current starting
from 1.8 A and increased stepwise by 1.0 A at intervals of 12
min until up to 6.0 A. After 100 min, a transition layer com-
posed of titanium film and a mixed layer of TiC and quasi-
graphite (the ratio of C of the mixed layer is increased gradu-
ally, while the ratio of Ti is decreased gradually) of about 500
nm are deposited onto the substrate. Then, with the current
and voltage of the two graphite targets kept constant, the
current of the titanium target is increased to 1.8 A, with the
voltage kept at a constant voltage. The working bias voltage is
kept at 120 V. After 260 min, a composite layer of 1900 nm is
formed on the transition layer, comprising the quasi-graphite
layer (the content of sp* is about 60%) and the diamond-like
carbon layer (the content of sp® is about 70%) alternately
laminated. Then, the current and voltage of the titanium target
are decreased to 0. The current of the graphite target is
increased to 6.0 A, with the voltage kept at 800 V. The work-
ing bias is kept at 120V. After 15 min, a diamond-like carbon
film of 100 nm is formed on the composite layer. In the
example, the mass percentage of C in the formed nano-mul-
tilayer film is about 86%, and the mass percentage of Ti is
about 14%.

[0037] An observation was made to the surface of the nano-
multilayer film of the above specific examples 1-3 through a
scanning electron microscope, finding that the surface of the
nano-multilayer films had small surface roughness. The hard-
ness of the nano-multilayer films was measured by a nanoin-
dentation instrument, with a load of 10 mN, a pressed depth
being greater than 10 times of the surface roughness and
smaller than V1o of the thickness of the nano-multilayer films,
s0 as to guarantee the authenticity and validity of the mea-
sured hardness. The longitudinal binding force and the lateral
binding force of the nano-multilayer films were evaluated
through a standard indentation instrument and the automatic
scratch test. With a load of the indentation test being 150 N
and the radius of the indenter being 0.2 mm, no crack and
delamination was found around the indentation, indicating
that the nano-multilayer film had a high longitudinal binding
force. The load was increased gradually from 10 N to 85 N,
with a sliding velocity of 10 mm/min. There was no crack and
peeling around and at the edge of the scratch, indicating that
the nano-multilayer film had a high lateral binding force.

[0038] The ball-disc friction and wear machine were used
for determination of the friction and wear properties of the
nano-multilayer film. The grinding ball was a Si;N, ceramic
ball having a hardness of 1500 HV and a diameter of 3 mm.
The load was 10 N, the sliding velocity was 0.10 m/s, and the
friction duration was 30 min. The experiments were made
under the conditions of room temperature, no lubrication, and
humid air (50% relative humidity). In the testing process, the
change of the friction coefficient was automatically recorded.
After the test, the wear volume was measured with a step
meter, with the wear rate calculated. Table 1 shows the hard-
ness, average friction coefficient and wear rate of the nano-
multilayer film of Examples 1, 2 and 3.
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TABLE 1

Sectional binding

force of Average
Nano- Content  nano-multilayer film friction
multilayer of Ti with substrate (N coefficient ~ Wear rate
film (at. %)  Longitudinal Lateral (W (m*/Nm)
Example 1 3 >150 =95 0.048 2.8x107Y7
Example 2 8 >150 =95 0.052 2.3x 1077
Example 3 14 >150 =95 0.046 3.1x107Y
[0039] The nano-multilayer film of the present invention

has a low friction coefficient, a high wear resistance and a
high bonding force with the substrate of the product. In the
nano-multilayer film of the specific examples 1, 2 and 3, the
average friction coefficients of their films are 0.048, 0.052
and 0.046, respectively, without obvious change of the fric-
tion coefficient during the test process, indicating that the
nano-multilayer film has a good friction stability, the surface
wear trace of the nano-multilayer film being very shallow
after the wear. The wear rates of the nano-multilayer films of
the specific examples 1, 2 and 3 are 2.8x107%7,2.3x107*7 and
3.1x107"” m*/Nm, respectively, indicating that the nano-mul-
tilayer film has a good wear resistance. Moreover, the pits of
the nano-multilayer films of the specific examples 1, 2 and 3
formed under the load of 150 N have no crack, delamination
or peeling trace at the edge thereof. Under the load of 85 N,
there is no crack or peeling of the nano-multilayer film
observed in the area and at the edge of the scratch formed on
the surface of the nano-multilayer film. The pit and scratch
tests show that the nano-multilayer film has excellent bonding
strength with the metal substrate.

[0040] What is described above is only the preferred
embodiments of the present invention. It should be pointed
out that, for those of ordinary skill in the art, some improve-
ments and amendments can further be made under the
premise of not departing from the principles of the present
invention, and should also be regarded as being within the
scope of protection of the present invention.

What is claimed is:

1. A magnetron sputtering coating device, comprising:

a deposition chamber;

a rotating stand positioned within the deposition chamber

and having a rotating axis;

two first sputtering cathodes and a second sputtering cath-

ode located on a circumference concentric with the
rotating axis, wherein the second sputtering cathode
contains a material different from the two first sputtering
cathodes; and

a baffle fixed on the rotating stand and divides the deposi-

tion chamber into at least two areas, wherein at least one
first sputtering cathode is in one area, and the second
sputtering cathode is in another area.

2. The magnetron sputtering coating device according to
claim 1, wherein the first sputtering cathodes each include a
graphite target, and the second sputtering cathode includes a
titanium or tantalum target.

3. The magnetron sputtering coating device according to
claim 1, wherein the baftle extends along a diameter of the
rotating stand.

4. The magnetron sputtering coating device according to
claim 1, wherein the two first sputtering cathodes form an arc
of substantially 180°-240° therebetween, and the second
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sputtering cathode is positioned substantially in the middle of
the two first sputtering cathodes.

5. The magnetron sputtering coating device according to
claim 1, wherein the baffle is made of titanium, aluminum,
stainless steel, or a combination thereof.

6. The magnetron sputtering coating device according to
claim 1, further comprising a support platform on the rotating
stand for supporting an article to be coated.

7. The magnetron sputtering coating device according to
claim 6, further comprising a rotation system for rotating the
support platform around a central axis of the support plat-
form.

8. The magnetron sputtering coating device according to
claim 1, further comprising multiple support platforms
arranged on a support rod on the rotating stand.

9. The magnetron sputtering coating device according to
claim 1, wherein the sputtering cathodes are arranged on an
inner wall of the deposition chamber.

10. The magnetron sputtering coating device according to
claim 1, wherein the two first sputtering cathodes are posi-
tioned opposite to each other, and the device further includes
another second sputtering cathode arranged opposite to the
second sputtering cathode.

11. A method for preparing a multilayer film on a substrate,
comprising:

providing at least one first sputtering cathode in a deposi-

tion chamber;

providing at least one second sputtering cathode in the

deposition chamber, wherein the second sputtering cath-
ode includes a sputtering material that is different from
the first sputtering cathode;

providing a first current to the at least one first sputtering

cathode for sputtering the substrate, and increasing the
first current gradually;

providing a second current to the at least one second sput-

tering cathode for sputtering the substrate and decreas-
ing the second current gradually; and

rotating the substrate within the deposition chamber to

alternatively sputter the substrate with the at least one
first sputtering cathode or the at least one second sput-
tering cathode.

12. The method according to claim 11, wherein providing
at least one first sputtering cathode in a deposition chamber
comprises providing two first sputtering cathodes.

13. The method according to claim 11, wherein providing
a first current to the at least one first sputtering cathode for
sputtering the substrate comprises providing a first current to
the at least one first sputtering cathode with an initial value of
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0.5-2.0 A, and increasing the first current gradually comprises
increasing the first current by 0.5-1.0 A at every time interval
of 5-15 minutes.

14. The method according to claim 11, wherein providing

a second current to the at least one second sputtering cathode
for sputtering the substrate comprises providing a second
current to the at least one second sputtering cathode with an
initial value of 4.0-7.0 A, and decreasing the second current
gradually comprises decreasing the second current by 0.5-1.0
A at every time interval of 5-15 minutes.

15. The method according to claim 11, further comprising:

after the first current reaches a first predetermined value,
keeping the first current at a first value for a time period;
and

after the second current reaches a second predetermined
value, keeping the second current at a second value for
the time period.

16. The method according to claim 15, further comprising:

after the time period, reducing the second current to zero;
and

keeping the first current at a value for another time period.

17. A multilayer film prepared by magnetron sputtering

coating comprising:

atransition layer on a substrate, the transition layer includ-
ing a titanium layer and a mixed layer of titanium car-
bide and quasi-graphite on the titanium layer;

a composite layer on the transition layer, the composite
layer including a multilayer structure with a quasi-
graphite layer and a diamond-like carbon layer alter-
nately laminated, wherein the quasi-graphite layer
includes 60% of materials by mass with a sp® bond and
the diamond-like carbon layer includes 70% of materials
by mass with a sp® bond; and

a diamond-like carbon layer on the composite layer,

wherein in a direction from the substrate to the diamond-
like carbon layer, the mass percentage of titanium in the
mixed layer of titanium carbide and quasi-graphite is
gradually decreased, while the mass percentage of car-
bon is gradually increased.

18. The multilayer film according to claim 17, wherein the

transition layer has a thickness of 300-500 nm.

19. The multilayer film according to claim 17, wherein the

diamond-like carbon layer has a thickness of 100-150 nm.

20. The multilayer film according to claim 17, wherein the

mass percentage of carbon in the multilayer film is 70%-97.
6%, and the mass percentage of titanium is 2.4%-30%.

#* #* #* #* #*



