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PLASMA CVD APPARATUS, METHOD FOR MANUFACTURING MAGNETIC

RECORDING MEDIUM AND METHOD FOR DEPOSITING FILM

BACKGROUND OF THE INVENTION
Field of the Invention
[0001]
The present invention relates to a plasma CVD apparatus,
a method for manufacturing a magnetic recording medium and

a method for depositing a film.

Background Art
[ooo02]

In Japanese Patent Laid-Open Publication No.
2000-226657 (Patent Document 1), there is disclosed a hot
filament plasma chemical wvapor deposition (CVD) apparatus
in which a film is deposited simultaneously on each of both
surfaces of a disk substrate that is a medium for a Hard Disk
Drive (HDD). In this hot filament plasma CVD apparatus,
since plasma is generated for both surfaces of a disk
substrate, plasma for one surface interferes with plasma for
the other surface and thickness distribution of a f£film
deposited on the disk substrate may be deteriorated.
Accordingly, it was difficult to deposit a film having good

thickness uniformity on a disk substrate.

Description of a Related Art

Patent Document
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fo0031]
[Patent Document 1] Japanese Patent Laid-Open

Publication No. 2000-226657

SUMMARY OF THE INVENTION
fo004]

An aspect of the present invention aims at providing
a plasma CVD apparatus, a method for manufacturing a magnetic
recording medium or a method for depositing £ilm that can
deposit a film having good thickness uniformity on a
substrate to be deposited.
[0005]

Hereinafter, various aspects of the present invention
will be described.

fl] A plasma CVD apparatus, including:

a chamber;

a holding part that holds a substrate to be depogited
arranged inside the chamber;

a first direct-current power source connected
electrically with the holding part;

a first anode arranged inside the chamber and arranged
on one side of the holding part;

a first cathode arranged inside the chamber and
arranged on one side of the holding part;

a second direct-current power source connected
electrically with the first anode;

a first alternating-current power source connected
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electrically with the first cathode;

a gas supply mechanism that supplies raw material gas
to the inside of the chamber;

an evacuation mechanism for evacuating the inside of
the chamber; and

a control part that controls the first direct-current
power source so as to apply a first voltage to the holding
part in a pulse form of a cycle not less than 1/100 msec and
not more than 1 msec (frequency of not less than 1 kHz and
not more than 100 kHz) and a DUTY cycle of not less than 10%
and not more than 90%.
[0006]

[2] The plasma CVD apparatus according to [1], wherein

the control part controls the first direct-current
power source so as to apply a second voltage to the holding
part in a period during which the first voltage is not applied
to the holding part (remaining period of a DUTY cycle of not
less than 10% and not more than 9%90% in the cycle); and

the second voltage is a voltage whose positive and
negative are opposite to those of the first voltage.
[0007]

[3] The plasma CVD apparatus according to [2], wherein

an absolute value of the second voltage lies in a range
not less than 10% and not more than 60% (preferably not less
than 20% and not more than 50%) of an absolute value of the
first wvoltage.

[o008]
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[4] The plasma CVD apparatus according to any one of
[1] to [3], further including a plasma wall that is arranged
inside the chamber, is provided so as to cover each of spaces
between the substrate to be deposited held by the holding
part, and the first anode and the first cathode, and is set
as a floating potential.

[0009]

[5] The plasma CVD apparatus according to any one of
[1] to [4], further including:

a second anode that is arranged inside the chamber and
is arranged on the other side of the holding part:

a second cathode that is arranged inside the chamber
and is arranged on the other side of the holding part;

a third direct-current power source connected
electrically with the second anode; and

a second alternating-current power source connected
electrically with the second cathode.

[0010]

[6] A method for manufacturing a magnetic recording
medium using a plasma CVD apparatus according to any one of
[1] to [4], including:

holding a substrate to be deposited on which at least
a magnetic layer is formed on a nonmagnetic substrate by the
holding part; and

making the raw material gas into a plasma state by
discharge between the first cathode and the first anode

inside the chamber, and causing this plasma to accelerate
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and collide with a surface of the substrate to be deposited
held by the holding part to form a protective £ilm containing
carbon as a main component.

[0011]

7] A method for depositing a £film on a substrate to
be deposited using a plasma CVD apparatus having a holding
part that holds a substrate to be deposited, an anode and
a cathode that are arranged inside a chamber, including:

arranging the substrate to be deposited so as to face
the anode and the cathode inside the chamber; and

supplying raw material gas into the chamber, and
applying a first direct-current voltage to the anode, and
applying an alternating wvoltage to the cathode, and

making the raw material gas into a plasma state by
applying a second direct-current voltage to the holding part
in a pulse form of a cycle of not less than 1/100 msec and
not more than 1 msec (frequency of not less than 1 kHz and
not more than 100 kHz) and a DUTY cycle of not less than 10%
and not more than 90% inside the chamber, and causing the
plasma to accelerate and collide with the substrate to be
deposited to form a £ilm,.
[0012]

[8] The method for depositing a film according to [7],
wherein:

in a period during which the second direct-current
voltage is not applied to the holding part, a third

direct-current voltage is applied to the holding part; and
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the third direct-current voltage is a voltage whose
positive and negative are opposite to those of the second
direct-current voltage.

[0013]

[9] The method for depositing a £film according to [8]
wherein

an absolute value of the third direct-current voltage
lies in a range of not less than 10% and not more than 60%
(preferably not less than 20% and not more than 50%) of an
absolute value of the second direct-current voltage.

[10] The method for depositing a film according to any
one of [7] to [9], wherein

a current value flowing to the substrate to be deposited
when the film is deposited onto the substrate to be deposited
is not less than 1.2 times a current value that corresponds
to the DUTY cycle of a current value flowing tc the substrate
to be deposited in a case where the second direct-current
voltage is continuously applied to the holding part.
[0014]

[11] A method for manufacturing a magnetic recording
medium on which a protective £film is formed containing carbon
as a main component after the step of forming at least a
magnetic layer on a nonmagnetic substrate, wherein

the protective film is formed by the method for
depositing a film according to any one of [7] to [10].
[0015]

Accoxrding to an aspect of the present invention, it
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is possible to provide a plasma CVD apparatus, a method for
manufacturing a magnetic recording medium or a method for
depositing a film that can deposit a film having good

thickness uniformity on a substrate to be deposited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

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

FIG. 2 is a view for explaining a period of applying
each of a second and third direct-current wvoltage.

FIG. 3 is across-sectional view for explaining a method
for manufacturing a magnetic recording medium using the
plasma CVD apparatus shown in FIG. 1.

FIG. 4 is a view showing appearance photographs of
samples (1) - (6) in Examples and an appearance photograph
of a sample in Comparative Example when each DLC film was
deposited on a substrate to be deposited using the plasma

CVD apparatus shown in FIG. 1.

DESCRIPTICN OF THE PREFERRED EMBODIMENTS
[0017]

Hereinafter, embodiments of the present invention will
be described in detail through the use of the drawings.
However, a person skilled in the art would easily understand

that the present invention is not limited to the following
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explanation, but forms and details thereof can be variously
modified 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
degcription of the embodiments shown below.

[c018]

<Plasma CVD apparatus>

FIG. 1is a cross-sectional view showing schematically
a plasma CVD apparatus according to an aspect of the present
invention. This plasma CVD apparatus has a right-left
symmetrical structure relative to a substrate to be deposited
(for example, a disk substrate) 1, and is an apparatus capable
of depositing simultaneously a £ilm on each of both surfaces
of the substrate to be deposited 1.

[0019]

The plasma CVD apparatus has a chamber 102, and inside
the chamber 102, there are formed first and second cathode
electrodes (first and second cathode filaments} 103a and 103b
ina filament shape, for example, made of tantalum. Both ends
of each of the first and second cathode filaments 103a and
103b are connected electrically with first and second cathode
power sources (first and second alternating-current power
sources) 1l05a and 105b lying outside the chamber 102, and
the first and second cathode power sources 105a and 105b are
arranged in a state insulated against the chamber 102. As
the first and second cathode power sources 1l05a and 105b,

for example, a power source of 0 to 50 Vand 10 to 50 A (ampere)
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can be used. One end of each of the first and second cathode
power sources 105a and 105b is connected electrically with
a ground 106.

[0020]

Inside the chamber 102, first and second anode
electrodes (first and second anode cones) 1l04a and 104b
having a funnel-like shape are arranged so as to surround
each of the first and second cathode filaments 103a and 103b,
and each of the first and second anode cones 104a and 104b
is formed in a speaker-like shape.

[0021]

The first anode cone 104a is connected electrically
with a first anode power source (first DC power source) 107a
via a first switch 121la, and the first DC power source 1l07a
is arranged in a state insulated against the chamber 102.
The plus potential side of the first DC power source (also
called a second direct-current power source} 107a is
connected electrically with the first anode cone 1l04a via
the first switch 121la, and the minus potential side of the
first DC power source 1l07a is connected electrically with
the ground 106.

[0022]

The second anode cone 104b is connected electrically
with‘a second anode power source (second DC power source)
107b via a second switch 121b, and the second DC power source
107b is arranged in a state insulated against‘the chamber

102. The plus potential side of the second DC power source
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{(also called a third direct-current power source} 107b is
connected electrically with the second anode cone 104b via
the second switch 121b, and the minus potential side of the
second DC power source 107b is connected electrically with
the ground 106.

[0023]

Each of the first and second switches 1l2la and 121b
and each of the first and second DC power sources 107a and
107b are controlled by a non-illustrated control part.
Consequently, a voltage to be applied to each of the first
and second anode cones 104a and 104b is controlled.
Meanwhile, as the first and second DC power sources 107a and
107b, for example, a power source of 0 to 500 Vand 0 to 7.5
A (ampere) can be used.

[0024]

Inside the chamber 102, the substrate to be deposited
1l is arranged, and this substrate tobe depositedl is arranged
so as to face the first and second cathode filaments 103a
and 103b and the first and second anode cones 104a and 104b.
In detail, the first and second cathode filaments 103a and
103b are surrounded by the vicinity of the center portion
of the inner peripheral surface of the first and second anode
cones 104a and 104b, and the first and second anode cones
104a and 104b are arranged in a state where the largest inside
diameter sides thereof face the substrate to be deposited
1.

[0025]
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It is so configured that the substrate to be deposited
1 is supplied sequentially to an illustrated positon with
a non-illustrated holding part and a non-illustrated
transfer apparatus (handling robot or a rotary index table).
[0026]

The substrate to be depcosited 1 is connected
electrically with a bias power source (DC power source} 112
as a power source for ion acceleration, and this DC power
source 112 is arranged in an insulated state against the
chamber 102. The minus potential side of this DC power scurce
112 is connected electrically with the substrate to be
deposited l, and the plus potential side of the DC power source
112 is connected electrically with the ground 106. As the
DC power source 112, for example, a power source of 0 to 1500
V and 0 to 100 mA (milliampere) can be used.

[0027]

Inside the chamber 102, a first plasma wall 108a is
arranged so as to cover spaces between each of the first
cathode filament 103a and the first anode cone 104a, and the
substrate to be deposited 1, and a second plasma wall 108b
is arranged so as to cover spaces between each of the second
cathode filament 103b and the second anode cone 104b, and
the substrate to be deposited 1.

[0028]

Each of the first and second plasma walls 108a and 108b

is connected electrically with a floating potential (not

illustrated), and is arranged in an insulated state against
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the chamber 102. Moreover, the first and second plasma walls
108a and 108b have a cylindrical shape or a polygonal shape.
[0029]

For an end part of each of the first and second plasma
walls 108a and 108b on the substrate to be deposited 1 side,
film thickness compensation plates 118a and 118b are provided,
and the £ilm thickness compensation plates 118a and 118b are
connected electrically with the £floating potential. By
means of the £film thickness compensation plates 118a and 118b,
thickness of a film to be deposited in an outer periphery
part of the substrate to be deposited 1 can be controlled.
[0030]

Cutaide the chamber 102, first and second necdymium
magnets 10%a and 109b are arranged. The first and second
neodymium magnets 109%a and 10%b have, £for example, a
cylindrical or polygonal shape, in which the center of the
ingide diameter of the cylindrical or polygonal shape becomes
the magnet center, and this magnet center lies so as to face
each of approximate centers of the f£irst and second cathode
filaments 103a and 103k and an approximate center of the
substrate to be deposited 1. In each of the first and second
neodymium magnets 10%a and 109b, the magnetic force at the
magnet center thereof is preferably not 1ess than 50 G {gauss)
and not more than 200 G, more preferably not less than 50
G and not more than 150 G. The reason why the magnetic force
at the magnet center is limited to be not more than 200 G

is that, in a2 neodymium magnet, it is a limitation in
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manufacturing to rise the magnetic force at the magnet center
up to 200 G. Moreover, the reason why the magnetic force at
the magnet center is preferably set to be not more than 150
G is that cost for fabricating a magnet increases when the
magnetic force at the magnet center exceeds 150 G.

[0031]

The plasma CVD apparatus has additionally a wvacuum
evacuation mechanism (not illustrated) for vacuum evacuating
the inside of the chamber 102, Moreover, the plasma CVD
apparatus has a gas supply mechanism (not illustrated) for
supplying deposition raw material gas to the inside of the
chamber 102.

[0032]

The bias power source (also called a first
direct-current power source} 112 is controlled by a control
part 130, and a voltage applied to the substrate to be
deposited 1 via the holding part is controlled as follows.

The bias power source 112 is controlled sc as to apply
a second direct-current voltage {also called a first voltage)
to the holding part, in a pulse form of a cycle of not less
than 1/100 msec and not more than 1 msec (frequency of not
less than 1 kHz and not more than 100 kHz) and a DUTY cycle
of not less than 10% and not more than 90% (preferably not
less than 30% and not more than 90%, more preferably not less
than 30% and not more than 80%, furthermore preferably not
legss than 50% and not more than 80%). Consequently, the

above-described second direct-current voltage is supplied
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to the substrate to be deposited 1 via the holding part.
[0033]

Further, the bias power source 112 is controlled so
as to apply a third direct-current voltage (also called a
second voltage) to the holding part in a period during which
the second direct-current voltage is not applied to the
holding part (a remaining period of a DUTY cycle of not less
than 10% and not more than 90% in the cycle). Consequently,
the third direct-current voltage is applied to the substrate
to be deposited 1 via the holding part. Moreover, the third
direct-current voltage may be a voltage in which plus and
minus are reverse to those of the second direct-current
voltage.

[0034]

The reason why the DUTY cycle is set to be not less
than 10% is that, if a DUTY cycle is set to be less than 10%,
a depogition rate (deposition speed of a film) becomes too
late.

[0035]

Meanwhile, in this embodiment, it is set to be a cycle
of not less than 1/100 msec and not more than 1 msec (fregquency
of not less than 1 kHz and not more than 100 kHz), but a cycle
of not less than 1/50 msec and not more than 1./5 sec (frequency
of not less than 5 kHz and not more than 50 kHz} is preferable,
a cycle of not less than 1/40 msec and not more than 1/5 msec
(not less than 5 kHz and not more than 40 kHz) is more

preferable, and a cycle of not legs than 1/30 msec and not
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more than 1/5 msec (frequency of not less than 5 kHz and not
more than 30 kHz) is furthermore preferable.
foo36]

Moreover, in this embodiment, the second
direct-current voltage is supplied to the substrate to be
deposited 1 via the holding part by the bias power source
112, but the second direct-current voltage may be supplied
directly to the substrate to be deposited 1 by the bias power
source 112.

[0037]

The DUTY cycle is a ratio of a period during which the
second direct-current voltage is applied to the holding part
in one cycle. For example, in a case where a DUTY cycle is
30%, a period of 30% in one cycle is a period during which
the second direct-current voltage is applied to the holding
part, and a period of 70% in one c¢ycle is a period during
which thé third direct-current wvoltage is applied to the
holding part. In detail, for example, in a case of a cycle
of 1 msec (frequency of 1 kHz} and a DUTY cycle of 30%, a
period of 0.3 msec, which is 30% of 1 msec (1 cycle), is a
period during which the second direct-current voltage is
applied, and a period of 0.7 msec, which is 70% of 1 msec
(1 cycle), is a period during which the third direct-current
voltage is applied.

[0038]
Moreover, for example FIG. 2 shows a case of a DUTY

cycle of 1008/T%, in which a period of 1008/T% in one cycle
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is a period during which the second direct-current voltage
(-x V) is applied, and a periocd of remaining 100N/T% in one
cycle is a period during which the third direct-current
voltage (y V) 1is applied. Here, x and y are positive
numerical values.

[0039]

The absolute value of the third direct-current voltage
may lie in a range of not less than 10% and not more than
60% (preferably not less than 20% and not more than 50%) of
the absolute value of the second direct-current voltage.
[0040]
<Method for depositing £ilm>

There is described a method for depositing a DLC film
over the substrate to be deposited 1 using the plasma CVD
apparatus shown in FIG. 1.

[0041]

First, the vacuum evacuation mechanism is started to
make the inside of the the chamber 102 be a predetermined
vacuum state, and for example toluene (C;Hg) gas is introduced
as adeposition rawmaterial gas into the inside of the chamber
102 by the gas introduction mechanism. After the inside of
the chamber 102 has reached a predetermined pressure, by
supplying an alternating current to each of the first and
second cathode filaments 103a and 103b by the first and second
cathode power sources 105a and 105b, the first and second
cathode filaments 103a and 103b are heated.

(0042]
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Moreover, the first direct-current voltage is applied
to each of the first and second ancde cones 104a and 104b
from each of the first and second DC power sources 107a and
107b via the first and second switches 12la and 121b. In
addition, the second direct-current voltage is applied to
the substrate to be deposited 1 by the bias power source 112
via the holding part. The second direct-current wvoltage
{also called a first voltage} to be applied on this occasion
is a direct-current voltage in a pulse shape of a cycle of
not less than 1/100 msec and not more than 1 msec (frequency
of not less than 1 kHz and not more than 100 kHz) and a DUTY
cycle of not less than 10% and not more than 90% (preferably
not less than 30% and not more than 90%, more preferably not
less than 30% and not more than 80%, and furthermore
preferably not less than 50% and not more than 80%), and is
controlled by the above-described contreol part 130.
Furthermore, the third direct-current voltage is applied to
the subsi;rate to be deposited 1 by the bias power source 112
via the holdingpart. The third direct-current voltage (also
called a second voltage) to be applied on this occasion is
a direct-current voltage in a pulse shape that is applied
in a period during which the second direct-current voltage
is not applied to the holding part (a remaining period of
a DUTY cycle of not less than 10% and not more than 90% in
the cycle}, and is controlled by the above-described control
part 130. It is suitable that the third direct-current

voltage is a voltage in which plus and minus are reverse to
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that of the second direct-current voltage, and that the
absolute value of the third direct-current voltage lies in
a range of not less than 10% and not more than 60% (preferably
not less than 20% and not more than 50%) of the absolute value
of the second direct-current veltage. Meanwhile, in this
method for depositing a film, the second direct-current
voltage is a negative voltage (for example, -250 V), and the
third direct-current voltage is a positive voltage (for
example, +90 V).

[0043]

As a consequence of heating of the first and second
cathode filaments 103a and 103b, a lot of electrons are
ejected from each of the first and second cathode filaments
103a and 103b toward each of the first and second anocde cones
104a and 104b to thereby start glow discharge between each
of the first and second cathode filaments 103a and 103b and
each of the first and second anode cones 104a and 104b. By
a lot of electrons, the toluene gas as a deposition raw
material gas lying inside the chamber 102 is ionized and
formed into a plasma state. On this occasion, a magnetic
field is generated by each of the first and second neodymium
magnets 109a and 109b in regions of forming toluene gas into
plasma, which lie near each of the first and second cathode
filaments 103a and 103b, and, therefore, the plasma can be
densified by the magnetic field and ionization efficiency
can be improved. Then, deposition rawmaterial molecules in

a plasma state are directly accelerated by application of
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the negative potential of the second direct-current veltage
in a pulse form to the substrate to be deposited 1, travel
toward the direction of the substrate to be deposited 1, and
adhere over the surface of the substrate to be deposited 1.
Further, as a consequence of the application of the positive
potential of the third direct-current voltage to the
substrate tobe deposited 1l in a period during which the second
direct-current voltage is not applied, charges of the
negative potential on the substrate to be deposited 1 are
surely cancelled. In this way, a thinDLC film is formed over
the substrate to be depositedl. On this occasion, areaction
according to Formula (1) below occurs over the surface of
the substrate to be deposited 1.
[0044]

CsHg + € — CaHp + XHzt - -{1l)
[0045]

<Method for manufacturing magnetic recording medium>

FIG. 3 is a cross-sectional view for explaining a method
for manufacturing a magnetic recording medium using the
plasma CVD apparatus shown in FIG. 1, and shows a part of
a magnetic recording medium. The magnetic recording medium
is a medium, for example, for an HDD.
[0046]

First, a substrate to be deposited 1 including at least
amagnetic layer 12 on a nonmagnetic substrate 11 is prepared,
and the substrate to be deposited 1 is held by the holding

part. Subsequently, rawmaterial gas (for example, toluene)
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is made into a plasma state by discharge between each of the
first and second cathode filaments 103a and 103b and each
of the first and second anode cones 104a and 104b having been
heated undér a predetermined vacuum condition inside the
chamber 102, and a second direct-current voltage (negative
voltage) in a pulse form of a cycle of not less than 1/100
msec and not more than 1 msec (frequency of not less than
1 kHz and not more than 100 kHz) and a DUTY cycle of not less
than 10% and not more than 90% is applied to the holding part
by the bias power source 112. Further, in a pericd during
which the second direct-current voltage is not applied to
the holding part (remaining period of a DUTY cycle of not
less than\lO% and not more than 90% in the cycle), a third
direct-current voltage (positive voltage) is applied to the
holding part by the bias power source 112. Details are the
same as the aforementioned method for depositing a film. In
this way, this plasma is accelerated and caused to collide
with the surface of the substrate to be deposited 1 held by
the holding part. As a result, there is formed a DLC film
13 as a protective £film containing carbon as a main component
over the surface of this substrate to be deposited 1.
[0047]

According to the present embodiment, the second
direct-current voltage in a pulse form of the above-described
cycle and DUTY cycle is applied to the substrate to be
deposited 1 by the bias power source 112 via the holding part,

and the third direct-current voltage is applied in a period
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during which the second direct-current voltage is not applied.
Consequently, in the period during which the second
direct-current voltage that is a negative voltage is applied
to the substrate to be deposited 1, directional movement is
generated in ions in a plasma state and a film is deposited
over the substrate to be deposited l, but, in the period during
which the second direct-current voltage is not applied to
the substrate to be deposited 1, the third direct-current
voltage that is apositive voltage is applied to the substrate
to be deposited 1 to thereby cancel surely charges of a
negative voltage on the substrate to be deposited 1. That
is, as a consequence of cancelling surely charges of a
negative potential on the substrate to be deposited 1 in the
period during which the second direct-current voltage is not
applied to the sgubstrate to be deposited 1, mutual
interference of each plasma on one side and the other side
of the substrate to be deposited 1 c¢an be suppressed. 2as the
result, it becomes possible to deposit the DLC £ilm 13 having
a thickness of good uniformity over the substrate to be
deposited 1.
[Example]
[0048]

FIG. 4 i1llustrates appearance photographs of samples
(1) to (6) in Examples and a sample in Comparative Example
in which a DLC film is deposited over a substrate to be
deposited using the plasma CVD apparatus shown in FIG. 1.

{0049]
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Deposgition conditions of the samples (1) to (6) in
Example and the sample in Comparative Example are as follows,

[Deposition conditions of sample (1)]

Substrate to be deposited 1: NiP/Al disk

Deposition apparatus: plasma CVD apparatus shown in
FIG. 1

Starting raw material: highly pure toluene {C,Hg)

Raw material gas flow rate on left side in FIG. 1: 3.25

sccm

Raw material gas flow rate on right side in FIG. 1:
3.5 scecm

Pressure: 0.3 Pa

Deposition time: 2 sec

Cathode filament 103a, 103b: tungsten f£ilament

Output of alternating-current power source 105a, 105b:
360 W

Current of anode power source 107a, 107b: 1650 ma

Voltage of anode power source 1l07a, 107b: 75 V

Second direct-current voltage of bias power source
112: -250 V

Third direct-current voltage of bias power source 112;
+90 V

Cycle in application of second direct-current voltage:
1/5 msec

Frequency in application of second direct-current
voltage: 5 kHz

DUTY cycle in application of second direct-current
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voltage in a pulse form: 70%

Period during which third direct-current voltage is
applied: period during which second direct-current voltage
is not applied

External magnetic field: 50 G
[0050]

[Deposition conditions of sample (2)]

Cycle in application of second direct-current voltage:
1/10 msec

Frequency in application of second direct-current
voltage: 10 kHz

Note that deposition conditions of sample (2) other
than the above-described conditions are the same as those

of sample (1).

[0051]

[Deposition conditions of sample (3)}]

Cycle in application of second direct-current voltage:
1/20 msec

Frequency in application of second direct-current
voltage: 20 kH=z

Note that deposition conditions of sample (3} other
than the above-described conditions are the same as those
of sample (1).
[0052]

[Deposition conditions of sample (4)]

Cycle in application of second direct-current voltage:

1/30 msec
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Frequency in application of second direct-current
voltage: 30 kHz

DUTY cycle in application of sgsecond direct-current
voltage in a pulse form: 50%

Note that depogition conditions of sample (4) other
than the above-described conditions are the same as those

of sample (1).

[0053]

[Deposition conditions of sample (5)]

Cycle in application of second direct-current voltage:
1/30 msec

Frequency in application of second direct-current
voltage: 30 kHz

Note that deposition conditions of sample (5) other
than the above-described conditions are the same as those

of sample (1l).

[0054]

[Deposition conditions of sample (6}]

Cycle in application of second direct-current voltage:
1/30 msec

Frequency in application of second direct-current
voltage: 30 kHz

DUTY cycle in application of second direct-current
voltage in a pulse form: 90%

Note that deposition conditions of sample (6) other
than the above-described conditions are the same as those

of sample (1).
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[0055]

[Deposition conditions in Comparative Examplel]

Substrate to be deposited 1: NiP/Al disk

Deposition apparatus: plasma CVD apparatus shown in
FIG. 1

Starting raw material: highly pure toluene (C;Hjs)

Raw material gas flow rate on left side in FIG. 1: 3.25
scecm

Raw material gas flow rate on right side in FIG. 1:
3.5 sccam

Pressure: 0.3 Pa

Depogsition time: 2 sec

Cathode filament 103a, 103b: tungsten filament

Output of alternating-current power source 105a, 105b:
360 W

Current of anode power source 107a, 107b: 1650 mA

Voltage of anode power source 107a, 107b: 75 V

Second direct-current voltage of bias power source
112: -250 V

Period during which second direct-current voltage is
applied: continuous (100%)

External magnetic field: 50 G
[0056]

Note that different points of deposition conditions
in Comparative Example from the deposition conditions of
sample (1) are that the second direct-current voltage is

applied continuously and the third direct-current voltage
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is not applied.
[0057]

As shown in FIG. 4, it was confirmed that thickness
uniformity of DLC films of samples (1) to (6) in Example was
improved as compared with the sample in Comparative Example.
Moreover, it was confirmed that thickness uniformity of DLC
films of samples (1) to (5) in Example was improved more,
and thickness uniformity of DLC £ilms of samples (4) and (5)
was furthermore improved.

[0058]

The current value of each sample shown in FIG. 4 is
a current value flowing from the bias power source 112 to
the substrate to be deposited 1l in film deposition. A current
of 46 mA flowed to the sample in Comparative Example, and,
in contrast, a current of 32 mA flowed to the sample (1) in
Example, a current of 32 mA flowed to the sample (2) in Example,
a current of 33 mA flowed to the sample (3) in Example, and
a current of 42 mA flowed to the sample (6) in Example. It
is known that, with respect to these samples, when the current
value of the sample in Comparative Example in which the
gsecond direct-current voltage was applied continuocusly,
namely 46 mA, is denoted by 100%, the current value of samples
(1) to (3) in Example is approximately 70% of 46 mA (32,2
mA} and the current value of the sample (6} in Example is
approximately 90% of 46 mA (41.4 ma).

[0059]

On the other hand, the current value of the sample (4)
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in Example was 37 mA that exceeded 50% of 46 mA (23 mA), and
the current value of the sample (5) in Example was 50 mA that
exceeded 70% of 46 mA (32.2 maA). From these, it is known that
thickness uniformity of the DLC film becomes better in the
case where the current value that flows to the substrate to
be deposited 1 exceeds a current value corresponding to a
DUTY cycle of a current value when the second direct-current
voltage is applied continuously (preferably it is not less
than 1.2 times the current value corresponding to the DUTY
c¢ycle, more preferably it is not less than 1.4 times). Note
that “not less than 1.2 times” means “not less than 27.6 mA”
when a current value corresponding to the DUTY cycle is 23
mA, and “not less than 1.4 times’ means “not less than 32.2
mA” when a current value corresponding to the DUTY cycle is
23 mA.

[Description of Reference Symbols]

[0060]

1l substrate to be deposited

11l nonmagnetic substrate

12 magnetic layer

13 DLC £ilm
102 chamber
103a first cathode electrode (first cathode filament)
103b second cathode electrode (second cathode filament)
104a first anode electrode (first anode cone)
104b second anode electrode (second anode cone)

105a first cathode power source (first alternating-current
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power source)

105b second cathode power source (second alternating-current

power source)

106 ground

107a first anode power source (first DC power source, second

direct-current power source)

107b

108a

108b

109a

109b

112

second anode power source (second DC power source)

first plasma wall
second plasma wall
first neodymium magnet
second neodymium magnet

bias power source (DC power  source,

direct-current power gource)

118a,

121a

121b

118b film thickness compensation plate
first switch

second switch

130 control part

first
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CLAI Ms:
1. A plasma CVD apparatus, conpri sing:
a chanber;

a hol di ng part that hol ds a substrate to be deposited
arranged inside said chanber;

a first direct-current power source connected
electrically with said holding part;

afirst anode arranged i nsi de sai d chanber and ar r anged
on one side of said holding part;

a first cathode arranged inside said chanber and
arranged on one side of said holding part;

a second anode that is arranged inside said chanber
and is arranged on the other side of said holding part;
a second cathode that is arranged inside said chanber and
is arranged on the other side of said holding part;

a second direct-current power source connected
electrically with said first anode;

a first alternating-current power source connected
electrically with said first cathode;

a third direct-current power source connected
electrically with said second anode;

a second alternating-current power source connected

electrically with said second cat hode;

a gas supply nechani smthat supplies rawnmaterial gas
to the inside of said chanber;

an evacuati on mechani smfor evacuating the inside of
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sai d chanber; and

acontrol part that controls saidfirst direct-current
power source so as to apply a first voltage to said hol di ng
part in a pulse formof a cycle not | ess than 1/100 nsec and
not nmore than 1 nsec and a DUTY cycle of not | ess than 10%
and not nore than 90% wherein

said control part controls said first direct-current
power source so as to apply a second vol t age whose positive
and negative are opposite to those of said first voltage,
to said holding part in a periodduring the rest of the DUTY
cycle when the first voltage is not applied to the hol ding
part, andtoformafil monthe other surface of the substrate

via the applied second voltage.

2. The pl asna CVD appar atus accordi ngto claiml, wherein
an absol ut e val ue of sai d secondvoltageliesinarange
not | ess than 10%and not nore than 60%of an absol ute val ue

of said first voltage.

3. The pl asma CVD appar at us accor di ng t o any one of cl ai ns
1 or 2, further conprising a plasma wall that is arranged
i nsi de sai d chanber, i s provi ded so as to cover each of spaces
bet ween sai d substrate to be deposited hel d by sai d hol di ng
part, and said first anode and said first cathode, and is

set as a floating potential.

4. A net hod f or manuf act uri ng a magneti c recordi ng medi um
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usi ng a pl asma CVD appar at us accordi ng to any one of clains
1 to 3, conprising:

hol di ng a substrate to be deposited on which at | east
a magnetic | ayer i s formed on a nonmagneti c substrate by said
hol di ng part; and

maki ng said raw material gas into a plasma state by
di scharge between said first cathode and said first anode
i nsi de sai d chanber, and causing this plasm to accel erate
and collide with a surface of the substrate to be deposited
hel d by sai d hol di ng part toformaprotectivefil mcontaining

carbon as a mai n conponent.

5. A nmethod for depositing a filmon a substrate to be
deposi ted usi ng a pl asma CVD appar at us havi ng a hol di ng part
t hat hol ds a substrat e to be deposited, an anode and a cat hode
that are arranged both side of said holding part inside a
chanber, conpri sing:

arranging both surface of said substrate to be
deposited so as to face sai d anode and sai d cat hode i nsi de
sai d chanber;

supplying raw nmaterial gas into said chanber, and
applying a first direct-current voltage to said anode, and
applying an alternating voltage to said cathode, and

applyingafirst voltageto saidholdingpart inapulse
formof a cycl e of not | ess than 1/ 100 nsec and not nore t han
1 nsec and a DUTY cycle of not |ess than 10% and not nore

t han 90% i nsi de sai d chanber,
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applying a second voltage, which is opposite in
positive and negative to the first voltage, to the hol ding
part during the rest of the DUTY cycl e when the first vol tage
is not applied to the holding part, and to forma filmon
t he ot her surface of the substrate via the applied second
vol tage, thefil mis deposited on both sides of the substrate
by accelerated collision of the raw material gas with the

substrate to be deposited as a pl asma state i n the chanber.

6. The nethod for depositing a filmaccording to claim
5, wherein

an absol ut e val ue of saidsecondvoltageliesinarange
of not |ess than 10% and not nore than 60% of an absol ute

val ue of said first voltage.

7. The net hod for depositing a fil maccording to any one
of clains 5 or 6, wherein

a current value flowing to said substrate to be
deposited when said filmis deposited onto said substrate
to be deposited is not less than 1.2 tinmes a current val ue
t hat corresponds to sai d DUTY cycl e of acurrent val ue fl ow ng
to said substrate to be deposited in a case where said first

voltage is continuously applied to said holding part.

8. A net hod f or manuf act uri ng a magneti c recordi ng medi um
on which a protective filmis forned containing carbon as

a mai n conponent after the step of form ng at | east a nagneti c
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| ayer on a nonmagnetic substrate, wherein
the protective filmis formed by the nethod for

depositing a fil maccording to any one of clains 5 to 7.



