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DESCRIPTION

PLASMA CVD DEVICE AND METHOD OF MANUFACTURING MAGNETIC

RECORDING MEDIUM

TECHNICAL FIELD
[0001]
The presgsent invention relates to a plasma CVD device

and a method of manufacturing a magnetic recording medium,

BACKGROUND ART
[0002]

Fig. 12 48 a cross-sectional view schematically
showing a conventional plasma CVD device. Fig. 13 ig a
partially enlarged crogss-sectional view of the plasma CVD
device shown in Fig. 12, The plasma CVD device is a device
which deposits a thin £1ilm on both surfaces of a substrate
to be deposited 101, and although the plasma CVD device is
formed bilaterally symmetrically with respect to the
substrate to be deposited 101, only the left-hand side is
shown in Fig. 12.

[0003]

The plasma CVD device includes a chamber 102, and the
c¢hamber 102 18 electrically connected to a ground (not shown) .
A filament-shaped cathode electrode 103 made of, for example,
tantalum is formed within the chamber 102. Both ands of the

cathode electrode 103 are electrically connected to a cathode
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power gource 105, and the cathode power source 105 is
electrically connected to the ground 106. A funnel-shaped
anode 104 1g arranged so as to surround a periphery of the
cathode electrode 103. The anode 104 has an electrxode
surface 104a on its front surface,

[0004]

The substrate to be deposited 101 is arranged within
the chamber 102, and the substrate to be deposited 101 is
arranged so as to face the cathode e€lectrode 103 and the
electrode surface 104a of the anode 104. The substrate to
be depogited 101 is electrically connected to the negative
potential side of a bias power source (DC power source) 112
serving as an ion acceleration power source, and the positive
potential side of the DC power source 112 is electrically
connected to the ground 106.

[0005]

A plagma wall 108 is arranged within the chamber 102
g0 as to cover a space between each of the cathode electrode
103 and the anode 104 and the substrate to be deposited 101.
A cylindrical anti-adhesion member 91 is arranged between
each of the plasma wall 108 and the anode 104 and the inner
surface of the chamber 102, and the anti-adhesion member 91
is in contact with the inner surface of the chamber 102.
[oo06]

A pedestal 92 is arranged between the anti-adhesion
member 91 and the anode 104 and between the back surface of

the anode 104 and the inner surface of the chamber 102, and
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the pedestal 92 is electrically connected to the anode 104.
The pedestal 92 18 electrically connected to the positive
potential side of a DC (direct-current) power source 107,
and the negative potential side of the DC power source 107
is electrically connected to the ground 106. Accordingly,
the DC power source 107 1s electrically connected to the anode
104 via the pedestal 92.

[0007]

In addition, the plasma CVD device also includes a
vacuum exhaust mechanism (not shown) which vacuum-exhausts
the inside of the chamber 102. Furthermore, the plasma CVD
device algo includes a gas supply mechanism (not shown) which
supplies a £ilm deposition raw material gas into the chamber
(refer to, for example, Patent Literature 1).

[ooo8]

In the conventional plasma CVD device described above,
since a gap is present between the anode 104 and the
anti-adhesgion member 91, an abnormal discharge may be
generated in the gap while a CVD film is deposited on the
subgtrate to be deposited. When such an abnormal discharge
is generated, the formed CVD film may become defective. The
generation of an abnormal discharge i1s required to be
suppressed in order that the failure of the CVD f£ilm may be

reduced.

PRIOR ART DOCUMENT

PATENT DOCUMENT
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[0009]
[Patent Literature 1] Japanese Unexamined Patent

Application Publication No, 2014-25117

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED
[0010]
An aspect of the present invention has an object to
reduce the generation of an abnormal discharge while a CVD

film is deposited.

SOLUTIONS TO THE PROBLEMS
fooi1]

Bereinafter, various aspects of the present invention
will be explained.
{11 Aplasma CVD device including: a chamber; an anode which
is arranged within the chamber and which has an electrode
surface on a front surface; a cathode which ig arranged within
the c¢hamber; a holding portion which is arranged within the
chamber and which holds a substrate to be deposited which
i3 arranged so aa to face the electrode surface of the anode
and the cathode; a plagma wall which is arranged within the
chamber and which is provided so as to cover a space between
the substrate to be deposited held by the holding portion
and each of the electrode surface of the anode and the cathode;
an anti-adhezsion member which is arranged between a first

gap between the anode and the plasma wall and a £irst inner
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surface of the chamber and which is in contact with the first
inner surface of the chamber; a pedestal which is arranged
between the anti-adhesion member and a back surface of the
anode and between the back surface of the anode and a second
inner surface of the chamber and which is electrically
connected to the anode; a gpacer which 1s arranged between
the back surface of the anode and a third inner surface of
the chamber and which is in contact with the third inner
surface; a first direct-current power source which 1is
electrically connected to the pedestal; an
alternating-current power source which is electrically
connected to the cathode; a second direct-current power
source which is electrically connected to the substrate to
be deposited held by the holding portion; a gas supply
mechanism which supplies a rawmaterial gas into the chamber;
and an exhausgst mechanism which exhausts the chamber, wherein
each of amaximumdiameter of the £irst gap, a maximum diameter
of a second gap between the anode and the anti-adhesion member,
a maximum diameter of a third gap between the back surface
of the anode and the spacer, a maximum diameter of a fourth
gap between the plasma wall and the anti-adhesion member,
a maximum diameter of a fifth gap between the antil-adhesion
member and the pedestal and a maximum diameter of a sixth
gap between the pedestal and the spacer is equal to or less
than 4 mm (preferably equal to or less than 3 mm).

[0012]

[2] The plasma CVD device according to [1] described above,
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whereln an insulator is formed on each of a surface facing
each of the first gap and the second gap of the anode, a surface
facing each of the third gap and the sixth gap of the spacer,
a surface facing each of the second gap, the fourth gap and
the fifth gap of the anti-adhesion member, a surface facing
each of the fifth gap, the sixth gap and the second inner
surface of the pedestal and a gurface facing each of the first
gap and the fourth gap of the plasma wall.

Note that the above description in which the maximum
diameter is equal to or less than 4 mm (preferably egual to
or less than 3 mm) means that in a case where an insulator
is formed on, for example, a surface facing each of the first
gap and the second gap of the anode, the maximum diameter
from the gsurface of the insulator is set equal to or less
than 4 mm (preferably equal to or less than 3 mm).

[3] The plasma CVD device according to [2] described above,
wherein an insulator i1s formed on each of a surface facing
the first inner surface of the anti-adhesion member and a
surface facing the third inner surface of the spacer.
(0014]

[4] The plasma CVD device according to [1] described above,
wherein each of the spacer, the anti-adhesion member and the
plasma wall is formed of an insulator, and an insulator is
formed on each of a surface facing each of the first gap and
the second gap of the anode and a surface facing each of the
fifth gap, the sixth gap and the second inner surface of the

pedestal.
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[0015]
£51 The plasma CVD device according to any one of [2] to
[4] described above, wherein an insulator is formed on a
surface facing the third gap of the back surface of the anode.
[o016]
[6] The plasma CVD device according to any one of [2] to
[S] described above, wherein an insulator i1s formed on a
surface other than the electrode surface of the anode.
[0017]
[7] The plasma CVD device according to any one of [2] to
[6] described above, wherein the insulator is a substance
which has a volume resistivity of 1 x 10 Qecm or more
(preferably 1 x 10*? Qcm or more) at 20°C and which has heat
resistance to 100°C.
[0018]
(8] The plasma CVD device according to any one of [2] to
[7] described above, wherein the insulator is individually
any of glass, quartz, resin, ceramics, a thermally sprayed
ingulator, an insulator subjected to alumite treatment and
ceramic plating.

Note that all of the insulators may have the same
material or may have different materials.
[o019]
(9] The plasma CVD device according to [1] described above,
wherein a thermally sprayed conductive £ilm is formed on a
surface of the anode.

[00201
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[10] The plasma CVD device according to any one of [2] to
[8] described above, wherein a thermally sprayed conductive
£film is formed either on a surface on which the insulator
of the anode is not formed or on the electrode surface of
the anode.

[0021]

[11] A method of manufacturing a magnetic recording medium
with the plasma CVD device according to any one of [l] to
{10] described above, wherein a substrate to be deposited
in which at least a magnetic layer is formed on a non-magnetic
subgtrate is held by the holding portion, and the rawmaterial
gas is brought into a plasma state by a discharge between
the cathode and the electrode surface of the anode within
the chamber, and the plasma is accelerated to collide with
a gsurface of said subgstrate to be deposited held by the holding
portion to thereby form a protective layer whose main
component is carbon.

[0022]

[12] A method of manufacturing a magnetic recording medium
in which a protective layer whose main component is carbon
is formed, after at least a magnetic layer is formed on a
non-magnetic substrate, wherein the protective layer is
formed using the plasma CVD device according to any one of

[1] to [10] described above.

ADVANTAGEOUS EFFECTS OF INVENTION

[0023]
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According to the aspect of the present invention, it
is possible to suppress the generation of an abnormal

discharge while the CVD film is deposited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig. 1 is a cross-sectional view schematically showing
a plasma CVD device according to an aspect of the present
invention;

Fig. 2 i8 a partially enlarged cross-sectional view
of the plasma CVD device shown in Fig. 1;

Fig. 3 is a cross-sectional view schematically showing
the plasma CVD device according to the aspect of the present
invention;

Fig. 4 is a partially enlarged cross-sectional view
of the plasma CVD device shown in Fig. 3;

Fig. 5 is a cross-sectional view schematically showing
the plasma CVD device according to the aspect of the present
invention;

Fig. 6 is a partially enlarged cross-sectional view
of the plasma CVD device shown in Fig. 5;

Fig. 7 is a cross-sectional view schematically showing
a modification of the plasma CVD device shown in Fig. 5;

Fig. 8 1s a partially enlarged cross-sectional view
of the plasma CVD device shown in Fig. 7;

Fig. 9 is a cross-sectional view schematically showing

a modification of the plasma CVD device shown in Fig. 5;
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FPig. 10 ig a partially enlarged cross-sectional view
of the plasma CVD device shown in Fig. 9;

Fig. 11 is a graph showing a relationship between the
deposition rate of a DLC film and a voltage Vp in Example;

Fig. 12 is a cross-sectional view schematically
showing a conventional plasma CVD device; and

Fig. 13 ig a partially enlarged cross-sectional view

of the plasma CVD device shown in Pig. 12.

BEST MODE FOR CARRYING OUT THE INVENTION
[0025]

Hereinafter, embodiments of the present inventionwill
be explained in detail through the use of the drawings.
However, a person skilled in the art would easily understand
that the present invention ig mot lilmited to the following
explanation, but forms and details thereof can be variously
modifled without deviating from the purport and the scope
of the present invention. Accordingly, the present
invention is not to be construed as being limited to
description of the embodiments shown below.

[0026]

[Embodiment 1]

<Plasma CVD devices>

Pig. 1 is a cross-sectional view schematically showing
a plasma CVD device according to an aspect of the present
invention. Filg. 2 is a partially enlarged cross-sectional

view of the plasma CVD device shown in Fig. 1. The plasma
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CVD device has a structure which is bilaterally symmetric
with respect to a substrate to be deposited (for example,
a disc gubstrate) 1, and although the plasma CVD device is
a device which can simultaneocusly deposit a £ilm on both
surfaces of the substrate to be depogited 1, only the
left-hand side is shown in Fig. 1.

[0027]

The plasma CVD device includes a chamber 102, and the
chamber 102 is electrically connected to a ground (not shown) .
A filament-pghaped cathode electrode 103 made of, for example,
tantalum is formed within the chamber 102.

[0028]

A funnel-shaped anode 104 is arranged within the
chamber 102 so as to surround a periphery of the cathode
electrode 103, and the anode 104 is formed substantially in
the shape of a speaker. The anode 104 has an electrode
gurface 104a on its front surface.

[0029]

The gubgtrate to be deposited 101 is arranged within
the chamber 102, and the substrate to be deposited 101 is
arranged so as to face the cathode electrode 103 and the
electrode surface 104a of the anode 104. Specifically, the
cathode electrode 103 is surrounded in the vicinity of the
central portion of the electrode surface 104a of the anode
104, and the anode 104 is arranged with its maximum ingide
diameter side facing toward the substrate to be deposited

1o01.
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[0030]

The substrate to be deposited 101 is sequentially
supplied to a position shown in the figure by anunillustrated
holder (holding portion) and an unillustrated transfer
device (a handling robot or a rotary index table).

[0031]

A cylindrical or polygonal plasma wall 88 is arranged
within the chamber 102 so as to cover a space 87 between the
substrate to be deposited 101 held by the holder and each
of the electrode surface 104a of the anode 104 and the cathode
electrode 103. The plasma wall 88 is arranged in a state of
being insulated by an insulatoxr 72 from the chamber 102. The
plasma wall 88 1s electrically connected to a £loat potential
(not shown).

[0032]

A first gap 81 is formed between the plasma wall 88
and the anode 104, a cylindrical anti-adhesion member 91 is
arranged between the first gap 81 and the fixrst innexr surface
102a of the chamber 102 and the anti-adhesion member 91 is
in contact with the first inner surface 102a of the chamberx
102. The first gap 81 1s connected to the space 87 covered
by the plasma wall 88.

[0033]

A pedestal 92 is arranged between the anti-adhesion
member 91 and the back surface 104b of the anode 104 and
between the back surface 104b of the anode 104 and the second

inner surface 102b of the chamber 102, and the pedestal 92
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ig electrically insulated by an insgulator 71 £from the chamber
102. The pedestal 92 is electrically connected to the back
surface 104b of the anode 104.

[0034]

A spacer 93 is arranged between the back surface 104b
of the anode 104 and the third inner surface 102c of the
chamber 102, and the spacer 93 ig in contact with the third
inner surface 102¢ of the chamber 102.

[0035]

A gecond gap B2 is formed between the anode 104 and
the anti-adhesion member 91, and a third gap 83 is formed
between the back surface 104b of the anode 104 and the spacer
93. A fourth gap B4 is formed between the plasma wall 88 and
the anti-adhesion member 91, and a f£ifth gap 85 is formed
between the anti-adhesion member 91 and the pedestal 92. A
sixth gap 86 isg formed between the pedestal 92 and the spacer
93.

[0036]

The first gap 81 is spatially connected to each of the
second gap 82 and the fourth gap 84, and the second gap 82
is spatially connected to the fifth gap 85. The £ifth gap
85 is spatially connected to the sixth gap 86, and the sixth
gap 86 ie spatially connected to the third gap 83. The
maximum diameter of each of the first gap 81, the second gap
82, the third gap 83, the fourth gap 84, the fifth gap 85
and the sixth gap 86 is equal to or less than 4 mm (preferably

equal to or less than 3 mm).
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[06037]

At the end portion of the plasma wall 88 on the side
of the substrate to be deposited 101, a £ilm thickness
correction plate 118 is provided. The £ilm thickness
correction plate 118 is electrically connected to the float
potential. It is possible to control the thickness of a filn
formed on the outer circumferentilal portion of the subsgtrate
to be deposgited 101, by using the film thicknese correction
plate 118.

[0038]

Both ends of the cathode electrode 103 are electrically
connected to a cathode power source 105 located outside of
the chamber 102, and the cathode power source 105 is arranged
in a state of being insulated from the chamber 102. The
cathode power source 105 1s controlled by an unillustrated
control portion. Accordingly, a voltage applied to the
cathode electrode 103 is controlled. Note that, for example,
a power souxce of 0 to 50 V and 10 to 50 A (ampere) can be
used as the cathode power source 105. The cathode power
source 105 is electrically connected to a ground 106.
[0039]

The pedestal 92 is electrically connected to the
pogitive potential side of a DC (direct-current) power source
107, and the negative potential side of the DC power source
107 is electrically connected to the ground 106. In this way,
the DC powexr source 107 is electrically connected to the back

surface 104b of the anode 104 wvia the pedestal 92.
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[0040]

The DC power source 107 is arranged in a state of being
insulated from the chamber 102. The DC power source 107 is
controlled by the control portion. Accordingly, a voltage
applied to the electrode surface 104a of the anode 104 is
controlled. Note that, for example, a power source of 0 to
500 Vv and 0 to 7.5 A (ampere) can be used as the DC power
source 107.

(0041]

The substrate to be deposited 101 is electrically
connected €0 a bilas power source (DC power source,
direct-current power source) 112 serving as an ion
acdeleration power source, and the DC power source 112 is
arranged in a state of being insulated from the chamber 102.
The negative poétential side of the DC power scurce 112 is
electrically connected to the substrate to be deposited 101,
and the positive potential side of the DC power source 112
1s electrically connected to the ground 106. The DC power
source 112 ig controlled by the control portion. Accordingly,
a voltage applied to the substrate to be deposited 101 isg
controlled. Note that a power source of, for example, 0 to
1500 V and 0 to 100 mA (milliampere) can be used as the DC
power source 112.
foc42]

In addition, the plasma CVD device includes a vacuum
exhaust mechanism (not shown) which vacuum-exhausts the

inside of the chamber 102. Furthermore, the plasma CVD
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device also includes a gas supply mechanism (not shown) which
supplies a £film deposition raw material gas into the chamber
l02.

[0043]

<Film deposition methods>

A method of depositing a £ilm of DLC (Diamond Like
Carbon) on the substrate to be deposited 101 by the use of
the plasma CVD device shown in Figs. 1 and 2.

[0044]

The ingide of the chambexr 102 is brought into a
predetermined vacuum state by the start-up of the vacuum
exhaust mechanism, and for example, toluene (C;Hg) gas
serving as the £ilm deposition xawmaterial gas is introduced
into the chamber 102 by the use of the gas gupply mechanism.
After the inside of the chamber 102 has a predetermined
pressure, an alternating current is supplied to the cathode
electrode 103 by the cathode power source 105, and thus the
cathode electrode 103 is heated.

[0045]

Furthermore, a dlrect current is supplied to the
substrate to be deposited 101 by the DC power source 112.
A direct current is also supplied from the DC power source
107 to the anode 104. At this time, a voltage appliled to the
electrode surface 104a of the anode 104 is controlled by the
control portion.

[0046]

A large number of electrone are discharged from a
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filament of the cathode electrode 103 toward the electrode
gurface 104a of the anode 104 by the heating of the cathode
electrode 103, and a glow discharge is started between the
cathode electrode 103 and the electrode surface 104a of the
anode 104. The toluene gas serving as the film deposition
raw material gas within the chamber 102 is ionized by the
large number of electrons and is brought into the plasma state.
Then, film deposition raw material molecules in the plasma
state are directly accelerated by the negative potential of
the substrate to be deposited 101, are flown toward the
direction of the substrate to be deposited 101, and are caused
to adhere to the surface of the substrate to be deposited
101. Accordingly, a thin DLC f£ilm is deposited on the
subgtrate to be deposited 101.

[0047]

In the present embodiment, the maximum diameter of each
of the first gap 81 between the plasma wall 88 and the anode
104, the second gap 82 between the anode 104 and the
anti-adhesion member 91, the third gap 83 between the back
surface 104b of the anode 104 and the spacer 93, the fourth
gap 84 between the plasma wall 88 and the anti-adhesion member
91, the fifth gap 85 between the anti-adhesion member 91 and
the pedestal 92 and the sixth gap 86 between the pedestal
92 and the spacer 93 is equal to or less than 4 mm (preferably
equal to or less than 3 mm). Thereby, the maximum diameter
of the gap in which an abnormal discharge is highly likely

to occur can be get egqual to or less than 4 mm (preferably



10

15

20

25

18

equal to or less than 3 mm). When the maximum dlameter of
the gap is equal to or less than 4 mm, it is not possible
to perform a discharge in the gap, and thus it is possible
to muppress the generation of an abnormal discharge when
depositing the DLC £ilm on the substrate to be deposited 101.
Accordingly, it is possible to suppress the deposition of
a defective DLC film, and thus 1t is possible to reduce the
failure of the DLC £ilm.

[0048]

Furthermore, although when an abnormal discharge is
generated, the DLC film may be deposited on a portion other
than the substrate to be deposited 101 by the abnoxrmal
discharge, and thus it is possible to suppress the deposition
of the DLC £ilm on the part (for example, the gas discharge
port or the like of the raw material gas) other than the
substrate to be deposited 101 by suppression of the abnormal
digcharge.

[0049]

Moreover, although as a higher voltage 1s applied to
the electrode surface 1l04a of the anode 104, an abnormal
discharge is more likely to occur, in the present embodiment,
it is possible to suppress the generation of the abnormal
discharge, and thus it is possible to apply a high voltage
to the electrode surface 104a of the anode 104. Accordingly,
it is possible to increase the deposition rate of the DLC
film, and thus it is possible to reduce the £ilm deposition

time. A highwvoltage is applied to the electrode surface 104a
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of the anode 104, and thus it 1s possible to reduce power
supplied to the cathode electrode 103.
[0050]

Note that, although in the present embodiment, a
conductive £ilm is not formed on the surface of the anode
104, there is no limitation on this configuration, and a
conductive film (not shown) which is thermally sprayed on
the surface of the anode 104 may be formed. First to fourth
conductive films below can be used as the thermally sprayed
conductive film. Here, the thermal spraying refers to a
surface processing method in which particles brought into
a molten state or a state close to melting by heating are
sprayed on the surface of an item and thus a film is formed.
[0051]

The thermally sprayed first conductive £ilm may be a
film which is formed of a material containing 10 weight% or
more of at least one of Cr, W and Mo.

[0052]

Furthermore, the thermally sprayed second conductive
film 1s formed of a material that contains Cr whose content
is equal to or more than 1 weight% but equal to or less than
50 weight% (preferably equal to or more than 5 weight% but
equal to or less than 50 welght%, more preferably equal to
or more than 1 weight% but equal to oxr less than 20 weight%
and much more preferably equal to or more than 5 weight% but
equal to or less than 15 welght% or equal to or more than

9 weight% but equal to or less than 20 welght% and further
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preferably equal to or more than 9.50 weight% but equal to
or less than 16.2 weight% or equal to or more than 1 weight%
but equal to or legs than 10 welght% and more preferably equal
to or more than 5 weight% but equal to or less than 10 weight$%) ,
that also contains WC whose content is equal to or more than
0 weight% but equal to or less than 49 weight% (preferably
equal to or more than 0.01 weight% but equal to or less than
49 weight%, more preferably equal to or more than 20 weight%
but equal to or less than 49 welght%, much more preferably
equal to or moxe than 30 weight% but equal to or less than
40 weight% and further preferably equal to ox more than 30
welght% but equal to or less than 35 weight% or equal to or
more than 20 weight% but equal to or less than 35 weight%),
that also contains Mo whose content is equal to or more than
0 weight% but equal to or less than 49 weight% (preferably
equal to or more than 1 weight% but equal to or less than
20 weight%, more preferably equal to or more than 1 weight%
but equal to or legs than 10 weight%, much more preferably
equal to or more than 3 weight% but equal to or less than
10 weight%, further preferably equal to oxr more than 3 weight%
but equal to or less than 6 weight% and much further preferxably
equal to or more than 3.83 weight% but equal to or less than
6 welght%), that contains 50 weight% or less of the total
of Cx, WC and Mo and that contains 0 weight% or more but 50
weight% or less of impurities, and the remaining part is
formed of Ni and inevitable impurities.

[0053]
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The impuritieg here are Fe, Si, C, B, Al and Cu. The
second conductive film may contain Fe whose content is equal
to or more than 0 weight% but equal to or legs than 10 weight%
(or equal to or moxe than 0.01 weight% but equal to or less
than 10 weight% or equal to or more than 0.0l weight% but
equal to or less than 7 weight% or equal to or more than 2.90
weight% but equal to or lesgs than 7 weight%), may contain
Si whose content is equal to or more than 0 weight% but equal
to or less than 10 weight% (or equal to or more than 0.01
weight% but equal to ox less than 10 weight% or equal to or
more than 0 weight% but equal to ox less than 5 weight% or
equal to or more than 0.01 weight% but egual to or less than
5 weight% or equal to or less than 3.89 welght% or equal to
or more than 0.0l weight% but equal to ox less than 3.89
weight% or equal to or more than 1 weight% but equal to or
less than 3.89 weight% or equal to or less than 2.9 welght%
or equal to ox more than 0.0l weight% but equal to or less
than 2.9 weight% or equal to or more than 1 welght% but equal
to or less than 2.9 weight%), may contain C whose content
igs equal to or more than 0 weight% but equal to or less than
3 weight% (or equal to ox less than 1.5 weight% or equal to
or less than 0.75 welght% or equal to or less than 0.5 weight%),
may contain B whoge content is equal to or more than 0 weight%
but equal to or less than 7 welght% (or equal to or more than
0.01 weight% but equal to or less than 7 weight% or equal
to or less than 4.5 welght% or equal to or more than 0.01

weight% but equal to or less than 4.5 weight% or equal to
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or less than 3.28 weight% or equal to or more than 0.01 weight%
but equal to or less than 3.28 weight% of equal to oxr less
than 2.3 weight%), may contain Al whose content is equal to
or more than 0 weight% but equal to or less than 15 weight%
(or equal to or less than 9 weight% or equal to or more than
0.01 weight% but equal to or less than 9 weight%) and may
contain Cu whose content is equal to or more than 0 weight%
but equal to or less than 5 weight% (or egual to orx more than
0.01 weight% but equal to or less than 5 welght% or equal
to or less than 1.9 weight% or equal to or more than 0.01
weight% but equal to or less than 1.9 weight%).

[0054]

Furthermore, the thermally sprayed third conductive
film is formed of a material which contains Mo, and in which
the remaining paxt is formed of inevitable impurities.
[0055]

In addition, the thermally sprayed fourth conductive
film is a film formed of a material which contains Mo whose
content is equal to or more than 80 weight%, and in which
the remaining part is formed of impurities and inevitable
impurities. Here, the impurities are Fe, S8i and C.
[0056]

As described above, it is possible to suppress an
abnormal discharge by forming the thermally sprayed
conductive £1lm on the surface of the anode 104. Namely, it
is possible to further suppress the generation of an abnormal

dlscharge not only by the addition of the structure in which
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the maximum diameter of each of the first gap 81, the second
gap 82, the third gap 83, the fourth gap 84, the fifth gap
85 and the sixth gap 86 is equal to or less than 4 mm
{preferably equal to or lesg than 3 mm) but also by the
formation of the conductive film thermally sprayed on the
surface of the anode 1.04.

[0057]

<Method of manufacturing magnetic recording mediums

A method of manufacturing a magnetic recording medium
using the plasma CVD device shown in Figs. 1 and 2 will be
explained.

[o058]

A substrate to be deposited on which at least a magnetic
layer is formed on a non-magnetic substrate is first prepared,
and the substrate to be deposited is held by the holding
portion. Then, the rawmaterial gas is brought into a plasma
state by a discharge between the cathode electrode 103 and
the electrode surface 104a of the anode 104 which are heated
within the chamber 102 under predetermined vacuum conditions
and the plasm is accelerated to collide with the surface of
the substrate to be deposited held by the holding poxtion.
Accordingly, a protective layer whose main component is
carbon is formed on the surface of the sgubstrate to be
deposited.

[0059]
According to the method of manufacturing the magnetic

recording medium described above, the maximum diameter of
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each of the first to sixth gaps 81 to 86 is set to be equal
to or less than 4 mm, and thus the generation of an abnormal
discharge can be suppressed, with the result that the £ailure
of a protective film can be reduced.

[0060]

[Second embodiment]

Flg. 3 is a crogs-sectional view schematically showing
the plagma CVD device according to the aspect of the present
invention, and Fig. 4 is apartially enlarged crods-sectional
view of the plasma CVD device shown in Fig. 3. In Figs. 3
and 4, the same symbols are attached to the game portions
as in PFigs: 1 and 2, and only different portions will be
explained.

[0061]

An insulator 94 is formed on each of a surface which
faces the first gap 8l and the second gap 82 of the anode
104, a surface which faces the third gap 83 and the sixth
gap 86 of the spacer 93, a surface which faces the second
gap 82, the fourth gap 84 and the fifth gap 85 of the
anti-adhesion member 91, a surface which faces the fifth gap
85 and the sixth gap 86 of the pedestal %2 and the second
inner suxface 102b of the chamber, and a surface which faces
the first gap 81 and the fourth gap 84 of the plasma wall
88. In addition, the insulator 94 is also formed on each of
a surface which faces the first inner surface 102a of the
anti-adhesion member 91 and a surface which faces the third

inner surface 102¢ of the spacer 93. The insulator 94 is a
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black portion shown in Figs. 3 and 4.
[0062]

Although the maximum diameter of each of the first gap
81, the second gap 82, the third gap 83, the fourth gap 84,
the fifth gap 85 and the sixth gap 86 is equal to or less
than 4 mm (preferably equal to or less than 3 mm) as in the
first embodiment, when the insulator 94 is formed on the
surface facing each of the first gap 81, the second gap 82,
the third gap 83, the fourth gap 84, the fifth gap 85 and
the sixth gap 86, the maximum diameter from the surface of
the insulator 94 is set equal to or less than 4 mm (preferably
equal to or less than 3 mm).
[0063]

The insulator 94 is preferably a substance which has
a volume resistivity of 1 x 10'° Qcm or more (preferably 1
x 10*? Qcm oxr moxre) at 20°C and which has heat resistance to
100°C. For example, the insulator 94 is preferably an
insulator (for example, alumina, steatite or machinable
ceramics) of any of glass, quartz, resin and ceramics.
Moreover, the insulator 94 may be formed by any of a thermally
sprayed insulator and an insulator subjected to alumite
treatment and ceramic plating.
[0064]

Although, in the plasma CVD device shown in Figs., 3
and 4, the insulator 94 is formed at a plurality of positions,
all of the insulators 94 may have the same material or may

have different materials.
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[0065]

Also in the present embodiment, the same effects as
in the first embodiment can be obtained.

Since, in the present embodiment, since the insulator
94 described above is formed on the surface opposite each
of the first gap 81 and the second gap 82 of the anode 104
or the like, it is possible to prevent a short circuit even
if carbon particles are accumulated in a gap whose diameter
is equal to or less than 4 mm.

[0066]

Note that, although, in the present embodiment, each
of the apacer 93, the anti-adhesion member 91 and the plasma
wall 88 is formed of a conductor, and the insulator 94 is
formed on the surface of each of the spacer 93, the
anti-adhesion member 91 and the plasma wall B8, each of the
gpacer 93, the anti-adhesion member 91 and the plasma wall
B8 may be formed of an insulator. In such a case, the
insulator is preferably a substance which has a volume
resistivity of 1 x 10*° Qcm oxr more (preferably 1 x 10*? Qcm
or more) at 20°C and which has heat resistance to 100°C. For
example, the insulatoxr ig preferably an insulator (for
example, alumina, steatite or machinable ceramics) of any
of glass, quartz, resin and ceraﬁics.

[0067]

Furthermore, although, in the present embodiment, the

conductive film is not formed on the surface of the anode

104, there is no limitation on this configuration, and a
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thermally gprayed conductive f£ilm (not shown) may be formed
on the surface on which the insulator 94 of the anode 104
is not formed. Accordingly, the effects similar to those of
the conductive film described in the first embodiment can
be obtained. The first to fourth conductive films similax
to those in the firgt embodiment can be uged as the thermally
gsprayed conductive £ilm.

[c068]

[Third embodiment]

Fig. 5 is a cross-sectional view schematically showing
the plasma CVD device according to the aspect of the present
invention, and Flg. 6 is a partially enlarged cross-sectional
view of the plasma CVD device shown in Fig. 5. In Figs. 5
and 6, the same symbols are attached to the same portiomns
as in Figs. 3 and 4, and only different portions will be
explained.

[0069]

The insulator 94 is formed on the surface other than
the electrode surface 1l04a of the anode 104. Namely, the
insulator 94 is formed on the back surface 104b of the anode
104.

[0070]

Also in the present enbodiment, the same effects as

in the second embodiment can be obtained.
[0071] 5
Note that, although in the present embodiment, the

conductive £ilm is not formed on the electrode surface 1l04a
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of the anode 104, there ig no limitation on this configuration,
and a thermally sprayed conductive f£film (not shown) may be
formed on the electrode surface 1l04a of the anode 104.
Accordingly, the effects gsimilar to those of the conductive
film described in the first embodiment can be obtained. The
first to fourth conductive £ilms similar to those in the first
embodiment can be used as the thermally sprayed conductive
£ilm.

[(0072]

(Modification)

Figs. 7 and 9 are cross-gectional views schematically
showing a modification of the plagma CVD device shown in Fig.
5, Fig. 8 i3 a partially enlarged cross-sectional view of
the plasma CVD device shown in Fig. 7, and Fig. 10 is a
partially enlarged cross-sectional view of the plasma CVD
device shown in Fig. 9. In Figs. 7 to 10, the same symbols
are attached to the same portions as in Figs. 5 and 6, and
only different portions will be explained.

[0073]

In the plasma CVD device shown in Figs. 7 to 10, the
insulator 94 is formed on a part of the back surface 104D
of the anode 104. Specifically, in the plasma CVD device
shown in Figs. 7 and 8, the insulator 94 is formed on the
back surface 104b of the anode 104 and on the side of the
pedestal 92, whereas in the plasma CVD device shown in Figs.
9 and 10, the insulator 94 is formed on the back surface 104b

of the anode 104 and on the side of the cathode electrode
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103.
[0074]

Also in the modification described above, the same
effects as in the gecond embodiment can be obtained.
[0075)

Furthermore, although in the modification, the
conductive £ilm ig not formed on the surface of the anode
104, there is no limitation on this configuration, and the
conductive £film (not shown) thermally sprayed on the gurface
on which the insulator 94 of the anode 104 is not formed may
be formed. Accordingly, the effeots similar to those of the
conductive f£ilm described in the first embodiment c¢an be
obtained. As the thermally sprayed conductive £ilm, the game
first to fourth conductive films as in the first embodiment
can be used.

[Example]
[0076]

[Table 1]

Vp

30 0 50 | 60
) 10 | 20 4

Number of times Vp has reached
0V at intervals of 10 minutes (60 0 0 1 0 0 0
100 |times) after disoharge start

Number of times Ip has reached
1850 mA or more 4 4 ! 4 3 9

[0077]
Table 1 shows the results of a discharge test which
was performed through the use of a conventional plasma CVD

device shown in Figs. 12 and 13. The conditions of the
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discharge test are as follows,
[0078]
Raw material gas: CqHy
Raw material gas flow rate: 3.25 sccm
5 Ar flow rate: 2.00 sccm
Output Pf of cathode power gource (alternating-current
power source 105): 230 W
Voltage Vp of anode power source (DC power source 107) :
100 v
10 Current Ip of anode power source (DC power source 107):
1650 mA
Ip control width: 10 ma
Variation in power: 0.5 W
Presgure: 0.2 Pa
15 Cathode electrode 103: tantalum filament
Substrate to be deposited 101: NiP plating/Al disc
{(substrate where NiP plating was performed on the surface
of a disc made of Al)
Size of substrate to be deposited 101: ¢2.5 inches
20 Voltage of bias power mource (DC power source 112):
250 v
[0079]
In Table 1, the number of times the wvoltage Vp has
reached 0 V¥V at intervals of 10 minutes in the discharge state
25 of 60 minutes is listed in the upper stage, and the number
of times the current Ip has reached 1850 mA or more is listed

in the lower stage. However, since the experiment was
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performed by one-time discharge every 10 seconds, the
discharge was performed 60 times for 10 minutes. Furthermore,
the reason why the voltage Vp of the anode power source reaches
0 ¥V 18 that a protective circult works because of excessive
flow of current due to an abnormal discharge and thus the
voltage Vp of the anode power source is temporarily dropped
to 0 V. Moreover, the number of times the current Ip has
reached 1850 mA or more corresponds to a case whexe the
protective circuit does not work even if the current Ip has
reached 1850 mA or more.

[0080]

In addition, the results shown in Table 1 are based
on after the elapse of 60 minutes from the start of the
discharge. 8ince the discharge was not stable for about 60
minutes after the start of the discharge, the following data
is listed in Table 1 on the basis of 10 minutes after the
start of the diescharge. WNamely, the “10 minutes” in Table
1 corresponds to 70 minutes after the start of the discharge

including the first 60 minutes.

[0081]
[Table 2]
Xf) (si-:{r;ﬁ) 10 20 30 40 50 60

Number of times Vp has reached
0 V at intervals of 10 minutes (60 0 0 0 0 0 0
100 | 3.25 |times) after discharge start
Number of times Ip has reached

1850 mA or more . 5 - 0 i )
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[0082]

Table 2 shows the results of a discharxge test which
was performed through the use of the plasma CVD device shown
in Figs. 7 and 8. Since the conditions of the discharge tesgt
are similar to those of the discharge test ghown in Table
1, the description thereof will be omitted. Note that a
thermally sprayed insulator was used as the insulator of the

plasma CVD device used in this test.

[0083]
[Table 3]
Vp F.R. 10 20 30 40 50 60
(V) |{sccm) (250) | (260) | (270) | (280) | (290) | (300)

Number of times Vp has reached
0V at intervals of 10 minutes (60 0 0 0 0 0 0
100 | 3.25 |times) after discharge start

Number of times Ip has reached
1850 mA or more

[0084]

Table 3 shows the results of a discharge test which
was performed through the use of the plasma CVD device shown
in Figs. 3 and 4. Since the conditions of the discharge test
are similar to those of the discharge test shown in Table
1, the degscription thereof will be omitted. Note that a
thermally sprayed insulator was used as the insulator of the
plasma CVD device used in this test.

[0085]

It was confirmed from Tables 1, 2 and 3 that the plasma

CVD device (Figs. 3, 4, 7 and 8) in which the gap was set

equal to or less than 4 mm and in which the insulator was
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formed was able to suppregs an abnormal discharge, as
compared with the plasma CVD device (Figs. 12 and 13) inwhich
the gap was not set equal to oxr less than 4 mm and in which
the insulator was not formed.

[0086]

Then, there are shown, in Fig. 11, the résults of a
test in which under the conditions of the discharge test shown
in Table 2, a DLC film was deposited on the substrate to be
deposited while the voltage Vp of the anode power source and
the raw material gas flow rate (3.25 sccm, 2.50 scom, 1.75
sBccm) wexre varied.

Fig. 11 is a graph shéwing a relationship between the
rate of deposition of the DLC film and the voltage Vp.
{00871

It was confirmed that in the measurement of the rate
of deposition of the DLC £ilm, all of the raw material gas
Flow rates were increased by the increase in Vp as shown in

Fig. 11.

Brief Description of the Reference Symbols

[0088]
71, 72 insulator
81 first gap
82 gecond gap

83 third gap
84 fourth gap

85 fifth gap
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87
88
91
92
93
94
101
102
102a
102b
102¢
103
104
l04a
104b
105
source)
106
107
source)

108

112

34

sixth gap

space

plasma wall
anti-adhesion member
pedestal

spacer

insulator

substrate to be deposited
chamber

first inner surface
gecond 1nner surface
third inner surface
cathode electrode
anode

electrode surface
back surface of anode

cathode power source (alternating-current power

ground power source

anode power source (DC (direct-current) power

plasma wall

bias power source (DC  power source,

direct-current powexr source)

118

film thickness correction plate
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CLAIMS
1. A plasma CVD device comprising:

a chamber;

an ancde which ig arranged within said chambex and which
has an electrode surface on a front surface;

a cathode which is arranged within said chamber;

a heclding portion which is arranged within said chamber
and which holds a substrate to be depogited which i3 arranged
8o as to face sald electrode surface of said anode and said
cathode;

a plasma wall which is arranged within said chambex
and which is provided so as to cover a space between sgaid
gubstrate to be deposited held by sald holding portion and
each of said electrode surface of said anode and saild cathode;

an anti-adhesion member which is arxranged between a
first gap between said anode and sald plasma wall and a first
inner surface of sald chamber and which 15 in contact with
said first inner surface of said chamber;

a pedestal which 13 arranged between said
anti-adhesion member and a back surface of said anode and
between the back surface of sald anode and a second inner
surface of said chamber and which is electrically connected
to saild anode;

a spacer which is arranged between said back surface
of said anode and a third inner surface of said chamber and
which 1s in contact with said third inner surface;

a first direct-cuxrrent power source which 1is
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electrically connected to said pedestal;

an alternating-current power source which is
electrically connected to said cathode;

a second direct-current power source which is
electrically connected to said substrate to be deposited
held by said holding portion;

a gas supply mechanism which supplies a raw material
gas into said chamber; and

an exhaust mechanism which exhausts said chamber,

wherein an insulator is formed on each of a surface
facing each of said first gap of said anode and a second
gap between said anode and said anti-~adhesion member, a
surface facing each of a third gap between said back
surface of said anode and said spacer, and a sixth gap
between said pedestal and said spacer, a surface facing
each of said second gap of said anti-adhesion member, a
fourth gap between said plasma wall and said anti-
adhesion member, and a fifth gap between said anti-
adhesion member and said pedestal, a surface facing each
of said fifth gap, said sixth gap and said second inner
surface of said pedestal and a surface facing each of

said first gap and said fourth gap of said plasma wall.

2. The plasma CVD device according to claim 1,

wherein an insulator is formed on each of a surface
facing said first inner surface of said anti-adhesion
member and a surface facing said third inner surface of

said spacer.



10

15

20

25

37

S, A plasma CVD device comprising:

a chamber;

an anode which is arranged within said chamber and
which has an electrode surface on a front surface;

a cathode which is arranged within said chamber;

a holding portion which 1is arranged within said
chamber and which holds a substrate to be deposited which
is arranged so as to face said electrode surface of said
anode and said cathode;

a plasma wall which is arranged within said chamber
and which is provided so as to cover a space between said
substrate to be deposited held by said holding portion
and each of said electrode surface of said anode and said
cathode;

an anti-adhesion member which is arranged between a
first gap between said anode and said plasma wall and a
first inner surface of said chamber and which is in
contact with said first inner surface of said chamber;

a pedestal which is arranged between said anti-
adhesion member and a back surface of said anode and
between the back surface of said anode and a second inner
surface of said chamber and which is electrically
connected to said anode;

a spacer which is arranged between said back surface
of said anode and a third inner surface of said chamber
and which is in contact with said third inner surface;

a first direct-current power source which is
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electrically connected to said pedestal;

an alternating-current power source which is
electrically connected to said cathode;

a second direct-current power source which is
electrically connected to said substrate to be deposited
held by said holding portion;

a gas supply mechanism which supplies a raw material
gas into said chamber; and

an exhaust mechanism which exhausts said chamber,

wherein each of said spacer, said anti-adhesion
member and said plasma wall is formed of an insulator,
and

an insulator is formed on each of a surface facing
each of said first gap of said anode and a second gap
between said anode and said anti-adhesion member, and a
surface facing each of a fifth gap between said anti-
adhesion member and said pedestal, a sixth gap between
said pedestal and said spacer, and said second inner

surface of said pedestal.

4. The plasma CVD device according to any one of claims
1 to 3,

wherein an insulator is formed on a surface facing a
third gap between said back surface of said anode and

said spacer.

5. The plasma CVD device according to any one of claims

1 to 4,
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wherein an insulator is formed on a surface other

than said electrode surface of said anode.

6. The plasma CVD device according to any one of claims
1l to 5,

wherein said insulator is a substance which has a
volume resistivity of 1 x 10 Qcm or more at 20°C and

which has heat resistance to 100°C.

7. The plasma CVD device according to any one of claims
1 to 6,

wherein said insulator is individually any of glass,
quartz, resin, ceramics, a thermally sprayed insulator,
an insulator subjected to alumite treatment and ceramic

plating.

8. The plasma CVD device according to any one of claims
1 to 7,

wherein a thermally sprayed conductive film is
formed either on a surface on which said insulator of
said anode is not formed or on said electrode surface of

said anode.

g. A method of manufacturing a magnetic recording
medium using the plasma CVD device according to any one
of claims 1 to 8,

wherein a substrate to be deposited in which at

least a magnetic 1layer is formed on a non-magnetic
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substrate is held by said holding portion, and

said raw material gas is brought into a plasma state
by a discharge between said cathode and said electrode
surface of said anode within said chamber, and the plasma
is accelerated to «collide with a surface of said
substrate to be deposited held by said holding portion to
thereby form a protective layer whose main component is

carbon.

10. A method of manufacturing a magnetic recording
medium in which a protective layer whose main component
is carbon is formed, after at least a magnetic layer is
formed on a non-magnetic substrate,

wherein said protective layer is formed using the

plasma CVD device according to any one of claims 1 to B.




