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~~199~A1~ MANUFACTURP~1G METHOD FOR THE SAME Technical Field The present
invention relates to a magnetic recording medium such as a magnetic disc
and the like for use in magnetic disc devices, and a manufacturing method
for the same Relevant Art In recent years, ~n the field of magnetic
recording, particularly with respect to magnetic discs, remarkable
improvements in the recording density have been achieved In particular,
recent improvements in the recording density have continued at a phenomenal
pace, achieving rates of approximately l00 times in 10 years Technologies
supporting the improvement of recording density vary widely, however, one
of the key concepts that can be mentioned is the technology of controlling
the sliding characteristics between the magnetic head and magnetic
recording medium Sliding of the head on the medium is unavoidable ever
since the introduction of the CSS (Contact - Stan - Stop) mode which is
so-called "Winchester format" as the main mode for hard disc dnves, wherein
the basic operation comprises the steps of sliding into contact, head
flotation. and sliding into contact between the magnetic head and magnetic
recording medium Accordingly, problems relating to tribology between head
and medium have become critical technical problems Thus, properties such as
resistance to attrasion and resistance to sliding over the surface of the
magnetic recording medium comprise the keys to a reliable product, and
efforts continue to develop and improve the protective film, lubricating
film, and the like, which coat the magnetic film As a protective film for
magnetic recording medium, films comprising various materials have been
proposed However, from the perspective of the total performance such as
coating performance and durability, carbon films are principally employed
0 8 MnR 2002 These carbon films are generally formed according to a
spatter-coating method, in which the coating conditions are extremely
important due to their direct impact on resistance to corrosion and CSS
properties In add~t~on, ~n order to improve the recording density, it is
preferable to reduce the 



flying height of the head, to increase the number of rotations of the
medium) and the like Thus, a superior resistance to sliding is required for
the magnetic recording medium On the other hand, in order to improve the
recording density by means of reducing spacing loss, it's preferable to
make the protective film thinner, for example to a thickness of 100. or
less Hence, a thin, smooth and durable protective film is highly desired
However, a carbon protective film formed according to the conventional
spattering coating method, can sometimes lack durability, when the film is
made thin, for example 100 or less Therefore, a plasma CVD method is
currently being studied as a method for providing a carbon protective film
with greater strength, compared to that produced by means of the
spatter-coating method This plasma CVD method is disclosed in, for example.
Japanese Patent Application, Second Publication No Hei 7-21858) First
Publication Laid Open No 7-73454, and the like However, under the current
demands for increased recording density, it is difficult, from the
perspective of durability to sliding, to produce a thin protective film to
the point where a sufficiently high recording density is achieved without
lowering the output properties, according to the aforementioned
conventional technology In addition, the conventional technology poses the
problem of low coating rate, which in turn leads to production inefficiency
In consideration of the aforementioned, the objectives of the present
invention are described as fotlows ( 1 ) To provide a magnetic recording
medium and manufacturing method thereof, that is reliable and capable of
providing a sufficiently high recording density) without lowering the
output properties (2) To provide a method for manufacturing the
aforementioned magnetic recording medium tn an efficient manner   p 8 MAR
2d02 Disclosure of the Invention The method for manufacturing a magnetic
recording medium according to the present mvent~on comprises a method for
manufacturing a magnetic recording medium by means of forming a carbon
protective film onto the disc, the non-magnetic substrate of which is
layered with a non-magnetic base film and magnetic film, using a reactant
eas containing carbon atoms as a starting material, according to a plasma
CVD method. wherein a mixed gas of hydrocarbon and hydrogen, in which the
m~xmg ratio of hydrocarbon to hydrogen is in the range of 2 to 1 - I to 100
by volume. is used as a reactant gas, while applying a bias to said disc
The aforementioned hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons, and more
preferably comprises toluene In the case of using toluene, toluene and
hydrogen are mixed, with a mixing ratio of toluene to hydrogen preferably
in the range of 1 to 15 - 1 to 20 by volume The bias applied to the disc is
preferably a high frequency bias In addition, formation of a carbon
protective film is preferably carried out under high frequency electrical
discharge When forming a carbon protective film on both sides of the disc
at the same time) it ~s preferable to make the phases of electrical power
supplied to each electrode arranged on the respective sides of the
aforementioned disc different from each other The phase difference of
electrical power supplied to each electrode is preferably in the range of
90 270, and in particular, more preferably the opposite phase (i a , 180)
The method for manufacturing a magnetic recording medium according to the
present invention may comprise a method for manufacturing a magnetic
recording medium by means of forming a carbon protective film onto the disc
the non-magnetic substrate of which is layered with a non-magnetic base
film and magnetic film, using a reactant gas containing carbon atoms as a
starting material, according to a plasma C VD method, wherein pulse D C
bias having a frequency of 1 kHz - I OOGHz and pulse width of 1 ns - SOO~s
is applied to the disc, when forming (during formation of) the carbon
protective film   ~ 8 MAR 200 a The frequency of the pulse D C bias applied
to the disc is preferably ~n the range of I OkHz - 1 GHz, and the pulse
width is preferably in the range of I Ons - 50s The average voltage of the
pulse D C bias applied to the disc is preferably in the range of -400 -- -
l Ot' 



The aforementioned reactant gas is preferably a mixed gas of hydrocarbon
and hydrogen. with a mixing ratio of hydrocarbon to hydrogen in the range
of 2 to 1 - 1 to 100 by volume The hydrocarbon preferably comprises at
least one type of hydrocarbon selected from among lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic hydrocarbons
The magnetic recording medium according to the present invention ~s
provided with a carbon protective film onto the disc, the non-magnetic
substrate of which is layered with a non-magnetic base film and magnetic
film, that can be formed according to a plasma CVD method while applying
pulse D C bias having a frequency of lkHz 100GHz and pulse width of lns -
500s to the disc The method for manufacturing a magnetic recording medium
according to the present invention may comprise a method for manufacturing
a magnetic recording medium by means of forming a carbon protective film
onto the disc, the non-magnetic substrate of which is layered with a
non-magnetic base film and magnetic film, using a reactant gas containing
carbon atoms as a starting material. according to a plasma CVD method,
wherein the temperature of the disc is heated to 100 - 250C prior to
forming the aforementioned carbon protective film The temperature of the
disc is preferably in the range of 150 -- 200C The aforementioned reactant
gas is preferably a mixed gas of hydrocarbon and hydrogen, with a mixing
ratio of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by
volume, wherein the hydrocarbon mixed into the reactant gas preferably
comprises at least one type of hydrocarbon selected from among lower
saturated hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons The pressure of the reactant gas is in the range of 0 1 - l
OPa, and preferably 2 6Pa, when forming the carbon protective film in the
method for manufacturing a magnetic recording medium according to the
present invention   ~ 8 MAR 2002 S The aforementioned reactant gas ~s
preferably a mixed gas of hydrocarbon and hydrogen, with a mixing ratio of
hydrocarbon to hydrogen in the range of 2 to I - I to 100 by volume,
wherein the hydrocarbon mixed into the reactant gas preferably comprises at
least one type of hydrocarbon selected from among lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic hydrocarbons
The method for manufacturing a magnetic recording medium according to the
present invention may comprise a method for manufacturing a magnetic
recording medium by means of forming a carbon protective film onto the
disc, the non-magnetic substrate of which is layered with a non-magnetic
base film and magnetic film, using a reactant gas containing carbon atoms
as a starting material, according to a plasma CVD method, wherein the
reactant gas is a mixed gas of hydrocarbon and hydrogen, with a mixing
ratio of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by
volume, into which nitrogen gas is added at a adding volume of 0 1 - 100%
of the mixed gas The aforementioned hydrocarbon preferably comprises at
least one type of hydrocarbon selected from among lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic hydrocarbons
The magnetic recording medium according to the present invention may
comprise a non-magnetic substrate, layered with a non-magnetic base film,
magnetic film, carbon protective film, and lubricating film, wherein said
carbon protective film comprises a plasma CVD carbon layer formed according
to a plasma CVD method, and a spatter carbon layer formed according to a
spattering coating method, which lies in contact with the lubricating film
The thickness of the spatter carbon layer is in the range of 5 ~ 100k and
preferably 30 - 100A, and the thickness of a plasma CVD carbon layer is
preferably in the range of 30'- 100 In addition, the method for
manufacturing a magnetic recording medium may comprise the steps of forming
( 1 ) a plasma CVD carbon layer, using a reactant gas containing carbon
atoms as a starting material, according to a plasma CVD method, (2) a
spatter carbon layer thereon, using a spatter gas, according to a
spatter-coating method, and (3) a lubricating film thereon, which lies in
contact with said spatter carbon layer   0 8 MAR 2002 6 The reactant gas
used for forming a plasma CVD carbon layer according to a plasma CVD method
is preferably a mixed gas of hydrocarbon and hydrogen, with a mixing ratio
of hydrocarbon to hydrogen in the range of 2 to 1 - 1 to 100 by volume,
wherein the hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cvcl~c hydrocarbons The spatter gas
used for forming a spatter carbon layer accordm~ to the spattercoatmg
method is preferably argon, into which at least one gas selected from among
nitrogen, hydrogen, and methane, is added at a mixing ratio to the argon of
0 1 - 100% by volume 



In addition, the method for manufacturing a magnetic recording medium
according to the present invention may comprise a method for manufacturing
a magnetic recording medium by means of forming a carbon protective film on
a disc) the nonmagnetic substrate of which is layered with a non-magnetic
base film and magnetic film, using a reactant gas containing carbon atoms
as a starting material, according to a plasma CVD method, and lubricating
film thereon, which lies ~n contact with the carbon protective film,
wherein said films are formed while performing bias applying to the disc,
with subsequent films formed without bias applying to the disc The bias
applied to the disc is preferably a pulse D C bias of -400 - -10V, or a
high frequency bias of 10 - 300W The thickness of the carbon layer which is
formed without bias applying to the disc is preferably in the range of 5 ~
20~ The aforementioned reactant gas is preferably a mixed gas of
hydrocarbon and hydrogen, with a mixing ratio of hydrocarbon to hydrogen in
the range of 2 to 1 ~ 1 to 100 by volume, wherein the hydrocarbon
preferably comprises at least one type of hydrocarbon selected from among
lower saturated hydrocarbons, lower unsaturated hydrocarbons, and lower
cyclic hydrocarbons In addition, the magnetic recording medium according to
the present invention may comprise a carbon protective film and a
lubricating film on a disc, the non-magnetic substrate of which is layered
with a non-magnetic base film and magnetic film, wherein the carbon
protective film comprises a first carbon layer, that is formed according to
a   0 8 MAR 2002 plasma CVD method whsle performing bias applying to the
disc, and a second carbon layer, which lies in contact with the lubricating
film, that is formed according to a plasma CVD method without bias applying
to the disc The thickness of the second carbon layer is preferably in the
range of ~ - 20~ In addition, the magnetic recording medium according to
the present invention may comprise a non-magnetic base film, magnetic film,
protective film, and lubricating film on the non-magnetic substrate,
wheretn the protective film comprises a carbon layer, principally
comprising carbon, on a tantalum nitrogen layer, comprising tantalum and
nitrogen with a mixing ratio of nitrogen of I - 30% atm, with said carbon
layer being formed according to a plasma CVD method, and lying in contact
with the lubricating film The thickness of the carbon layer is preferably
in the range of 5 - 100k while the thickness of the tantalum nitrogen layer
is preferably 1 - 95~ The method for manufacturing a magnetic recording
medium according to the present invention may comprise the steps of forming
{ 1 ) a non-magnetic base film and magnetic film on a non-magnetic
substrate, (2) a tantalum nitrogen layer thereon, which comprises a
material containing nitrogen and tantalum, with a mixing ratio of nitrogen
of 1 - 30% atm, (3) a carbon layer thereon, which is formed according to a
plasma CVD method, using a reactant gas containing carbon atoms, and (4) a
lubricating film thereon, which lies tn contact with the carbon layer The
aforementioned reactant gas is preferably a mixed gas of hydrocarbon and
hydrogen with a mixing ratio of hydrocarbon to hydrogen in the range of 2
to 1 ~ 1 to 100 by volume The hydrocarbon preferably comprises at least one
type of hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons In addition, the
method for manufacturing a magnetic recording medium according to the
present invention may comprise a method for manufacturing a magnetic
recording medium by means of forming ( 1 ) a non-magnetic base film and
magnetic film, (2) a carbon film thereon, using a reactant gas containing
carbon atoms as a starting material, according to a plasma CVD method, and
subsequently (3) a lubricating film on the carbon protective film, wherein
the surface of the carbon protective film is irradiated with ultraviolet
rays before forming the lubricating film   a 8 MAR 2002 s The wavelength of
the ultraviolet rays irradiating the carbon protective film is preferably
in the range of 100 -- 400nm, and the source of the ultraviolet rays is
preferably an excimer emission lamp Additionally, the surface of the carbon
protective film is preferably washed, usme water, before forming the
lubricating film thereon The aforementioned reactant gas preferably
compasses a mixed gas of hydrocarbon and hydrogen, with a mixing ratio of
hydrocarbon to hydrogen m the range of ? to 1 - 1 to 100 by volume The
hydrocarbon preferably comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons. lower unsaturated hydrocarbons,
and lower cyclic hydrocarbons In addition, the method for manufacturing a
magnetic recording medium may 



comprise a method for manufacturing a magnetic recording medium by means of
forming ( 1 ) a non-magnetic base film and magnetic film, (2) a carbon film
thereon, using a reactant gas containing carbon atoms as a starting
material, according to a plasma CVD method, and subsequently (3) a
lubricating film on the carbon protective film, wherein the surface of the
carbon protective film is washed, using water, before forming the
lubricating film thereon When washing the carbon protective film, the
cleaning water used preferably comprises water of a high purity In
addition, the magnetic recording medium according to the present invention
may comprise a non-magnetic base film, magnetic film, carbon protective
film, and lubricating film on a non-magnetic substrate, wherein the carbon
protective film is formed according to a plasma CVD method, followed by
irradiation of the surface of the carbon protective film with ultraviolet
rays Additionally, the magnetic recording medium according to the present
invention may comprise a non-magnetic base film, magnetic film, carbon
protective film, and lubricating film on a non-magnetic substrate, wherein
the carbon protective film is formed, using a reactant gas containing
carbon atoms as a starting material, according to a plasma CVD method, and
the lubricating film principally comprises at least one chemical compound
represented by the following formula ( 1 ) through (5), the number average
molecular weights of which lie in the range of 500 - 6000   0 8 MAR 2002 9
HO-CH2CH-CH20CH?CF20-(0F40)n,-(CF20)~-CF?-CH20CH?-CHCH?-OH OH OH
F-(CF2CF?CF20)p-CF2CF2-COOCH?CH2-O-C6H;     (2)
F-(CF~CF?CF~O)q-CF?CF?CH?-OH - -    (3)
HOCHZ-CF?O-(C2F40)r-(CF?O)s-CFO-CH?OH -    -(-t)
HO-(CH?CH~-O)t-CH2CF?O-(CF~CF?O)u-(CF~O)~~-CF?CH?-(OCHOCHO)"~-OH      (5)
[wherein, m, n, p, q, r, s, t, u, v. and w each represents an ~ntegerJ
Additionally, the lubricating film may principally comprise a mixture,
which is formed by means of adding a chemical compound represented by the
following formula (6), into the aforementioned chemical compound, at a
mixing ratio 0 1 ~ 20% by weight P~I~..P (F-C~,I-Lt-O~-H- ~+-(O-C~H.~-CH;
)c,-x .....(6) P [wherein, x represents an integer between 0 and 6J Among
the aforementioned, in particular, a lubricating film principally
comprising a compound represented by the aforementioned formula ( 1 ) or
(5), the number average molecular weights of which lie in the range of 500
- 6000, is preferred In addition, the aforementioned magnetic recording
medium may comprise a non magnetic base film, a magnetic film contam~ng Co,
and a carbon protective film formed according to a plasma CVD method, on a
non-magnetic substrate, wherein the extraction amount of Co is no greater
than 3ng/cm- with respect to the area of the substrate, and preferably no
greater than 2nglcm-, and more preferably, no greater than 1 Sng/cm In
addition, the method for manufacturing a magnetic recording medium
according to the present invention may comprise a method for manufacturing
a magnetic recording medi;im by means of forming ( 1 ) a non-magnetic base
film and magnetic film on a non-magnetic substrate, and (2) a carbon
protective film thereon, using a reactant gas containing carbon atoms as a
starting material, according to a plasma CVD method, wherein the surface of
the non-magnetic substrate is treated with texture-processing to form an
average roughness (Ra) of the surface of the non-magnetic substrate is 1 ~
20~ When texture-processing the surface of the non-magnetic substrate in
the aforementioned manner, the average roughness of the surface is more
preferably in the range of 3 - 10~ 



0 8 MAR 2002 to The method for texture-processing is preferably a
mechanical method for textureprocess~ng, m which abrasive particles are
used, preferred examples of which may include processes in which the
average particle diameter is 0 1 - 0 S~.m The method for mechanical
texture-processing is a method for treating the surface of the non-magnetic
substrate with texture-processing, by means of rotating the nonmagnet~c
substrate while At the same time running an abrasive tape over the
substrate in contact with the surface of the non-magnetic substrate) and
supplying abrasive particles between the abrasive tape and non-magnetic
substrate In this method, it is preferable to oscillate the abrasive tape
in a direction which crosses the aforementioned running direction, at a
frequency of 0 1 - SHz The rotational speed of the non-magnetic substrate
when performing texture processing is preferably m the range of 300 ~
2000rpm The aforementioned reactant gas is preferably a mixed gas of
hydrocarbon and hydrogen, wherein the hydrocarbon preferably comprises at
least one type of hydrocarbon selected from among lower saturated
hydrocarbons. lower unsaturated hydrocarbons, and lower cyclic hydrocarbons
In addition, the magnetic recording medium according to the present
invention may comprise a non-magnetic base film, magnetic film, and carbon
protective film, which are formed on the non-magnetic substrate according
to a plasma CVD method, wherein the average surface roughness (Ra) of the
non-magnetic substrate is in the range of 1 -- 20~ In addition, the method
for manufacturing a magnetic recording medium according to the present
invention is a method for manufacturing a magnetic recording medium by
means of forming a carbon protective film on a disc, the non-magnetic
substrate of which is layered with a non-magnetic base film and magnetic
film, using a reactant gas containing carbon atoms as a starting material,
according to a plasma CVD method, wherein bias applying is performed to the
disc at the time of forming the carbon protective f lm, and the reactant
gas is either butadiene gas or a mixed gas of butadiene and hydrogen
composing a mixing ratio of butadiene to hydrogen in the range of 100 to 0
1 to I00 by volume   0 8 MAR 2002 With regard to the aforementioned
reactant gas, the mixing ratio of butadiene to hydrogen is preferably in
the range of 100 to 0 - 1 to 25 by volume Additionally, the method for
manufacturing a magnetic recording medium according to the present
invention may comprise a method for manufacturing a magnetic recordm~
medium by means of exposing a disc, in which both surfaces of the
nonmagnetic substrate are layered with a non-magnetic base film and
magnetic film, to a reactant gas containing carbon atoms, while supplying
electrical power to electrodes arranged on both sides of the disc to
generate plasma, and form a carbon protective film on both sides of the
disc, using the aforementioned reactant gas as a starting material,
according to a plasma CVD method, wherein bias applying is performed to the
disc at the time of forming the carbon protective film, the electrical
power supplied to the aforementioned electrodes comprises high frequency
electrical power, and the reactant gas comprises either butadiene gas or a
mixed gas of butadiene and hydrogen, with a mixing ratio of butadiene to
hydrogen in the range of 100 to 0 ~ 1 to I00 by volume When forming the
carbon protective film, it is preferable to make the phases of electrical
power supplied to each electrode arranged on both sides of the disc
different from each other The phase difference in the phase of electrical
power supplied to each electrode is preferably in the range of 90 - 270,
and in particular, more preferably comprises the opposite phase (i a , l80)
The thickness of the carbon protective film is preferably in the range of
30 100:~ Brief Description of the Drawings Figure 1 is a schematic
structural view, showing the plasma CVD apparatus, used in an embodiment of
the method for manufacturing a magnetic recording medium according to the
present invention Figure 2 is a cross-sectional view, showing an embodiment
of the magnetic recording medium according to the present invention Figure
3 is a schematic structural view, showing the main portion of the magnetic
recording medium manufacturing apparatus which employs the plasma CVD
apparatus shown in Figure 1   0 8 MAR 2002 



12 Figure 4 is a cross-sectional view, showing an embodiment of the
magnetic recording medium according to the present invention Figure 5 is a
schematic structural view, showing the spatter equipment used m an
embodiment of the method for manufacturing a magnetic recording medium
according to the present invention Figure 6 is a schematic structural view,
showing the ultraviolet ray irradiation equipment used in an embodiment of
the method for manufacturing a magnetic recording medium according to the
present invention Figure 7 is a schematic structural view, showing the
washing apparatus used in an embodiment of the method for manufacturing a
magnetic recording medium according to the present invention Figure 8 is a
cross-sectional view, showing an embodiment of the magnetic recording
medium according to the present invention Figures 9(a) and 9(b) are
schematic structural views, showing the textureprocessing equipment used in
an embodiment of the method for manufacturing a magnetic recording medium
according to the present invention Fig 9(a) shows a front view and Fig 9(b)
shows a side view Best Modes for Carrying out the Invention Figure 1 shows
the plasma CVD apparatus, which serves as the main portion of the
manufacturing apparatus used in an embodiment of the method for
manufacturing a magnetic recording medium according to the present
invention This plasma CVD apparatus is used to form a carbon protective
film, and comprises a chamber 10 for storing the disc, electrodes 11 and 11
which are arranged in a manner such that they face the inner surfaces of
both walls of chamber 10, high frequency electrical power sources 12 and 12
which supply high frequency electrical power to the aforementioned
electrodes 11 and 11, an electrical bias source 13 which can be connected
to the disc housed inside of the chamber 10, and a supply source 14 for the
reactant gas which serves as a starting material of the carbon protective
film formed onto the disc The chamber 10 is connected to introduction tubes
15 and 15 which direct the reactant gas supplied from the supply source 14
into the chamber 10, and an exhaust tube   0 8 MAR Z002 13 16 which sends
gas inside of the chamber 10 out of the system This exhaust tube 16 is
provided with an exhaust volume regulating valve 17, which allows for the
appropriate regulation of the inner pressure of the chamber 10 The high
frequency electrical power source 12 is preferably one that can supply an
electrical power of 50 ~ 2000W to the electrode 1 1, when forming the
carbon protective film Additionally, preferred examples of the electrical
bias source 13 may include a high frequency electrical power source and/or
a pulse D C electrical power source The hyh frequency electrical power
source can preferably apply a high frequency electrical power of 10 - 300W
to the disc Additconally, the pulse D C electrical power source can
preferably apply an average voltage of -400 - -10V to the disc In the
following, an embodiment of the method for manufacturing a magnetic
recording medium according to the present invention is described, in which
the aforementioned manufacturing equipment is used as an example Initially,
a non-magnetic base film and magnetic film are formed on both sides of a
non-magnetic substrate according to a method such as a spatter-coating
method or the like, to obtain a disc D The non-magnetic substrate may
comprise any substrate that is generally used as a substrate for a magnetic
recording medium, examples of which may include an aluminium alloy
substrate coated with a NiP metal film, and substrates comprising glass,
silicone, and the like The surface of the non-magnetic substrate is
preferably treated with texture-processing such as mechanical
texture-processing In particular, the average surface roughness (Ra) is
preferably in the range of 1 ~ 20~ Preferred examples of the material for
the non-magnetic base film include Cr, alloys of Cr and Ti, alloys of Cr
and W, alloys of Cr and V, and alloys of Cr and Si Preferred examples of
the material for the magnetic film include Co alloys such as alloys of Co
and Cr, alloys of Co, Cr, and Ta, alloys of Co, Cr, and Pt, alloys of Co,
Cr, Pt, and Ta, and the like The thicknesses of the non-magnetic base film
and magnetic film are preferably in the range of 50 ~ 1000k and 50 ~ 800k
respectively   0 8 MAR 2002 



14 Subsequently, the disc D is transported into a chamber 10 of the plasma
CVD apparatus, and the surface of the disc D is exposed to a reactant gas)
which is continuously supplied from a supply source 14 via an introduction
tube 1 ~ into the aforementioned chamber 10, where this gas is removed via
an exhaust tube 16 to continuously circulate the gas therein The reactant
gas is a mixed gas of hydrocarbon and hydrogen, with a mixing ratio of
hydrocarbon to hydrogen in the range of 2 to 1 - 1 to 100 by volume The
hydrocarbon preferably comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons,
and lower cyclic hydrocarbons Examples of the lower saturated hydrocarbon
may include methane, ethane, propane, butane, octane, and the like
Furthermore, examples of the lower unsaturated hydrocarbons may include
ethylene, propylene, butylene, butadiene, and the like Additionally)
examples of the lower cyclic hydrocarbon may include benzene, toluene,
xylene, styrene, naphthalene. cyclohexane, cyclohexadiene, and the like
Among the aforementioned hydrocarbons, toluene is particularly preferred,
and the mixing ratio of toluene to hydrogen is preferably in the range of 1
to 15 - 1 to 20 by volume Hereinafter, a "lower hydrocarbon" signifies a
hydrocarbon having 1 -- 10 carbon atoms In addttton, a `'cyclic
hydrocarbon" represents a hydrocarbon possessing a ring structure such as a
benzene ring, and the like The reason for limiting the mixing ratio of
hydrocarbon and hydrogen to the aforementioned range is twofold a mixing
ratio of hydrocarbon to hydrogen falling below the aforementioned range
results in a reduced coating rate, which is unsuitable for practical,
industrial production On the other hand, a mixing ratio exceeding the
aforementioned range, results tn a high stress remaining within the carbon
protective film, which in turn lowers the adhesion strength and CSS
resistance of the resultant carbon protective film In addition, a lower
hydrocarbon is preferably used as the hydrocarbon - if the number of carbon
atoms of the hydrocarbon exceeds the aforementioned range, it is difficult
to supply the hydrocarbon as a gas, and in addition, at the time of
discharge,   0 8 MAR 2Q02 15 difficulty with the decomposition of
hydrocarbons ~s encountered, which m turn leads to a carbon protective film
containing high polymers that are ~nfer~or in strength When performing the
aforementioned operation, the flow rate of the reactant gas is preferably
50 - SOOsccm In addition, the inner pressure of the chamber 10 is
preferably set at a predetermined value such as 0 1 -- IOPa. by means of
appropriately adjusting the flow rate of the exhaust gas from the chamber
10, using the exhaust re~ulatin~ valve 17 At the same time, using the high
frequency electrical power source 12. high frequency electrical power of
preferably 50 -- 2000W is supplied to the electrodes 11 to generate plasma,
and a carbon protective film is formed on both sides of the disc D by means
of plasma chemical gas phase growth, using the aforementioned reactant gas
as a starting material The thickness of the carbon protective film is
preferably m the range of 30 - 100 The carbon protective film can be formed
at the same time on both sides of the disc D When supplying electrical
power to the electrodes 1 I and 11, it is preferable to make the phases of
electrical power supplied to each electrode 1 1 different from each other
By means of making the phases of electrical power supplied to each
electrode different, the coating rate and durability of the protective film
can be improved The difference in the phase of electrical power supplied to
each electrode is preferably in the range of 90 -- 270, and ~n particular
the opposite phase (i a , 180) is preferred In addition, when forming the
carbon protective film, it is preferable to form a film while performing
bias applying, such as high frequency bias or pulse D C bias, to the disc
D, using the electrical bias source 13 When using a high frequency
electrical source as the electrical bias source 13, high frequency
electrical power of 10 ~- 300W is preferably applied to the disc D
Additionally, when using a pulse D C electrical source as the electrical
bias source 13, a voltage of Q00 -- -10V (at an average) is preferably
applied to the disc D Furthermore, the width of pulse is preferably in the
range of 10 -SOOOOns, and the frequency is preferably in the range of l
OkHz - 1 GHz When performing bias applying to the disc D, bias applying may
be performed directly to the disc D, or alternatively bias applying may be
performed via a disc carrier (not shown)   0 8 MAR 2002 16 



In order to accommodate for practical, industrial production, the coating
rate of the carbon protective film is preferably at least 200~/mm, and more
preferably at least 400~/min In addition, a lubricating film may be
provided onto the protective film, by means of applying lubricant such as a
fombl~n lubricant, perfluoropolyether, and the like, according to a dipping
method or the like In the following, the effects of the present invention
are explained m detail using concrete examples (Test Examples 1 - 12) An
aluminium substrate coated with a NiP metal film, which had been treated
with texture-processing using an alumina slurry to form an average surface
roughness of 20~, was set into the chamber of a DC Magnetron Spatter
Apparatus, and the gas within the chamber was exhausted to an ultimate
vacuum level of 2 X 10-0 Torr Subsequently, a base film comprising Cr with
a thickness of 400k and a magnetic film comprising an alloy of CoF=Cr,;Ta;
(at %) were successively formed on both sides of the substrate, to obtain a
disc D Subsequently, the disc D was transported into a chamber 10 of the
aforementioned plasma CVD apparatus, and a mixed gas of hydrocarbon and
hydrogen comprising a mixing ratio shown in Table 1 was supplied into the
chamber as a reactant gas The inner pressure of the chamber 10 was
maintained at 2Pa At the same time, high frequency electrical power (of 13
56MHz) of 300W was supplied to the electrodes 11 to generate plasma while a
high frequency bias of 50W, under the conditions shown in Table 1, was
applied to the disc D, to form a carbon protective film with a thickness of
50~ on both sides of the disc D The temperature of the disc D during
coating was maintained at 130C (In Test Example 9) the electrical power
supplied to the electrode 11 was 600W, and the temperature of the disc
during coating was 136C Furthermore, the bias used in Test Example 3
comprised a D C bias of -200V) The distance between the disc D and
electrode 11 was set at 30mm Furthermore, in the table, the "RF phase
difference" signifies the difference in the phase of electrical power
supplied to the two electrodes 11 and 11   0 o MaR 2ooz 17 Table 1 I Gas
ripe ! Mixmg ' Bias ~ RF ' Coanns Note i ratio ~ frequency difference ;
rate ; I ' (sccm) (kHz) : ( " ) ~ (A/mm)Test Example 1I Toluene10 150I
400180 ~ 335Test Example 2 Toluene. 10 120400I 0 ~. ~0'_' 'Test Example 3 !
Toluene10 120~ D C bias180 i 188 -200Fi Test Example 4Toluene10 120 ~ 400 i
180 I 460 I jTest Example s Toluene15 120400 j 180 j I1098 ITest Example 6
~ Toluene100 50 I400180 ; 1 18 ITest Example 7 j Toluene I100 0 i400180 i
2344 ~ ITest Example 8 jMethane j  ~100 0 400 j180 324 iTest Example
9Methane60 60 ~ no bias ~ 0 ; 161 i 



II Test Example 10 i Ethane100 0400 I180 I 385 ~ j i 'Test Example 11 i
Acetone100 0400 180 221 ' I i I iTest Example 1? ~ Toluene ~ 10 150 ino
bias i 180 i 290 *'.Vl~xing ratio the ratio ofthe gas shown in the "Gas
Type" column to H, Table 1 shows the coating rates of each carbon film
Comparing Test Examples 4 through 7, it is clear that increasing the mixing
ratio of toluene results in an >;ncreased coating rate However, in Test
Examples 6 and 7, the coating rate did not improve relative to the mixing
ratio of toluene This result is assumed secondary to the dii~usion of
plasma from sparks incurred during discharge In addition, when comparing
Test Examples 1 ~ 5 and 12, it is clear that the improvements in the
coating rate can be achieved by means of bias applying, in particular the
high frequency bias applying, and/or making the phases of the electrical
power supplied to electrodes which are at front and reverse sides of the
disc different from each other Subsequently, a fomblin lubricant was
applied to the carbon protective film at 15!i, to obtain a magnetic
recording medium The resultant magnetic recording medium was used in the
CSS test, as described in the following In this test, a CSS operation was
performed 20000 times using an MR   0 a h?AR 2002 18 head, wherein once
cycle consisted of building up for five seconds, high speed rotation for
one second, trailing down for five seconds, and parking for one second, at
a rotational speed of 7200rpm, under the conditions of ambient temperature
and normal humidity Furthermore, with regard to Test Examples 3 -- S, a
suction value was monitored) and another CSS test was performed m which a
CSS operation was carved out S000 times, us~nU the same cycle as described
above, at a temperature of 40C with a humidity of 80% The results are shown
m Table 2 When a crash occurred duvng the CSS test performed under a normal
temperature and pressure, the number of CSS cycles at the time when the
crash occurred was recorded In Table 2, the ratio of the g-band peak value
(vG-line) and d-band peak value (Id/Ig) according to Raman spectral
analysis (argon ion laser excitation) is also shown for reference In
general, when a carbon film is analyzed according to the Raman spectral
analysis, a profile with two peaks is obtained in which a g-band is
measured at approximately 1530cm-' and a d-band is measured at
approximately 1400cm-' A smaller value for Id/Ig, or alternatively, a
higher frequency for the g-band peak results in greater diamond-like
characteristics in the carbon film Subsequently, the same magnetic
recording medium used in the CSS test was 



used in a corrosion test. as described in the following This test comprised
the steps of leav rng the test medium in an oven at a temperature of 60C
with a humidity of 80% for 96 hours, subsequently soaking the medium in
SOcc of pure water for 30 minutes, and measuring the amount of Co extracted
in the pure water In addition, another test, was performed in the same
manner as described above, with the exception that the aforementioned
magnetic recording medium was allowed to sit at a normal temperature (25C)
and humidity (50%) for 96 hours The results are shown ~n Table 2
Furthermore, in the present specification, the term "crash" signifies the
occurrence of a head crash during the CSS test, while the phrase "no crash"
signifies that such a head crash did not occur   0 ~ MAR 2002 19 Table 2
CSS Test ' Co Corrosion Test ! Raman Analysts Normal i ~pC. RO% temp & i '
ressure PSucuon~ Normal ~ G0C, 80r;, ~ vG-Itne Id/Ig (pg/dtsc) I (pg/dtsc)
~ (ciri') i  I i i ITest Example 18500 I - I-0 07 i 0 171543 2 0 56! Test
Example 3 , 5000 - I -i 0 08 ~0 18 ; 1550 2 ~ 0 66I Test Example s I No
crash i 5000 i 0 44 ~ 0 060 14 il559 21 56I Tcst Evample.t ' No crash5000
~0 380 OS , -0 07 1553 0~ 0 63 iTest Example s ~ No crash50000 34~ 0 080 12
~I 524 50 39 iTest Example r> i 7000 I --0 180 28 I1547 20 78Test Example 7
i Q50 - ~-0 22 0 54--Test Example R 10 --0 1 1 ' 0 18 ~ ! I- i-i Test
Example a 4000 j - - i0 09 j0 19 i1534 0 ; 0 45Test Example 10 I 10 ; -- ~0
14 ~0 22- i-I Test Example l 1 i 10 ' - i - I i0 13 I 0 77 I--Test Example
12 i 2p - , -0 18 I 0 25 I - i- From Table 2, it is clear that with the
magnetic recording medium manufactured according to Test Examples 1 through
6, the above described crashes did not occur, even when the C S S operation
was performed greater than 5000 times In particular, Test Examples 3 - 5,
did not result in crashes even when the CSS operation was performed 20000
times, and also did not result in crashes when the CSS operation was
performed S000 times, under the conditions of a temperature of 40C and a
humidity of 80%, and thus these examples exhibited a favorable performance
with regard to resistance to CSS 



On the other hand, Test Example 7, in which the mixing ratio of toluene and
H was out of the range defined in the present invention, and Test Example
12, in which bias applying was not performed, resulted in a modest coating
rate, but a magnetic recording medium of inferior durability   0 8 MAR 2002
~o Additionally, the magnetic recording medium obtained according Test
Examples 8 - 1 l, m which methane, ethane, or acetone was employed, all
e~:hib~ted an inferior durability In addition, the results of the corrosion
test confirmed that the extracnon amount of Co of a11 magnetic recording
media was approximately 1 - 2ng per medium, leaning no problems with
respect to practical use Furthermore, the results of the CSS test showed
clearly that n is possible to improve the durability of the resultant
magnetic recording medium. by means of making the phases of electrical
power supplied to the electrodes on each side of the disc different In
addition, according to the results of Test Examples 1 -- 6, ~t is possible
to form a carbon protective film at a coating rate suitable for industrial
production, and to provide a magnetic recording media exhibiting superior
performance with respect to their resistance to CSS and resistance to
corrosion As described in the aforementioned, according to the present
invention, it is possible to efficiently form a carbon protective film
possessing a superior durability Accordingly, it is possible to make the
carbon protective film thinner while maintaining a sufficient durability,
thereby reducing the spacing loss Thus, it is possible to efficiently
provide a reliable, magnetic recording medium, which can support a
sufficiently high recording density without reduction in its output
properties 



In the following, another embodiment of the method for manufacturing a
magnetic recording medium according to the present invention is described,
using an example in which the plasma CVD apparatus shown in Figure 1 is
employed Initially; a non-magnetic base film and magnetic film are formed
on both sides of the non-magnetic substrate according to a method such as a
spatter-coating method or the like. to obtain a disc D The non-magnetic
substrate can comprise any substrate that is generally used as a substrate
for a magnetic recording medium, as described in the aforementioned The
material and thickness of the non-magnetic base film and magnetic film are
also as described aforementioned   0 8 MAR 2002 21 Subsequently, the disc
D, layered with a non-magnetic base film and magnetic film on the
non-magnetic substrate according to the aforementioned operations, ~s
transported into chamber 10 of the aforementioned plasma CVD apparatus) and
the surface of the disc D is exposed to the reactant gas, which ~s
continuously supplied from a supply source 14 via an introduction tube 15
into the chamber 10. where the eas ~s exhausted via an exhaust tube 16 to
circulate the gas therein The reactant gas ~s preferably a mixed gas
comprism; hydrocarbon and hydrogen, with a mixing ratio of hydrocarbon to
hydrogen m the range of ? to 1 - 1 to 100 by volume, as described ~n the
aforementioned The hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons When carrying out
this operation, the flow rate of the reactant gas is preferably 50 SOOsccm
Additionally, the inner pressure of the chamber 10 is preferably set at a
predetermined value, such as 0 1 - 10 Pa At the same time, using the high
frequency electrical power source I2, a high frequency electrical power of
preferably 50 - 2000W is supplied to the electrodes 11 to generate plasma,
and a carbon protective film is formed on both sides of the disc D by means
of the plasma chemical gas phase growth, using the aforementioned reactant
gas as a starting material The thickness of the carbon protective film is
preferably m the range of 30 - 100 When supplying electrical power to the
electrodes 11 and 11, it is preferable to make the phases of electrical
power supplied to each electrode 1 I different By means of making the
phases of electrical power supplied to each electrode different, the
coating rate and durability of the protective film can be improved The
difference in the phase of electrical power supplied to each electrode is
preferably in the range of 90 - 270, with a particular preference for the
opposite phase (i a , l80) According to this embodiment of the method for
manufacturing a magnetic recording medium, when forming a carbon protective
film, it is preferable to form the film while applying pulse D C bias
having a frequency of 1 kHz ~ 100GHz (with a cycle of, l Ons - 1 ms) and
pulse width of 1 ns -- SOO~s. to the disc D, using an electrical bias
source 13   0 8 MAR 2002 A pulse D C bias frequency of less than 1 kHz or
exceeding 1 OOGHz, results ~n a carbon protective film of inferior
durability In particular, when the frequency is less than 1 kHz, the
coating rate tends to be lower, leading to an unfavorable reduction tn the
production efficiency The frequency and pulse width of the aforementioned
pulse D C bias is preferably l Ok~-iz - 1 GHz, and l Ons - SO~s,
respectively 



Furthermore, the average voltage of the pulse D C bias applied to the disc
~s preferably -400 -- -10V When the average voltage is less than -400V,
sparks are likely to be generated during the coating, leading to a high
likelihood of generating abnormal growth portions on the surface of the
carbon protective film When the average voltage exceeds -10t.', the carbon
protective film tends to contain a greater number of high polymers, which
are inferior in strength In addition, a lubricating film may be provided on
the protective film by means of applying the aforementioned lubricant
Examples of the magnetic recording medium manufactured according to the
aforementioned manufacturing method may include a magnetic recording medium
with the structure shown in Figure 2 In the magnetic recording medium
according to this embodiment, a non-magnetic substrate S, a non-magnetic
base film 31, a magnetic film 32, a carbon protective film 33. and a
lubricating film 34 are provided According to the aforementioned
manufacturing method, at the time of forming the carbon protective film, it
is possible to effctently form a carbon protective film displaying a
superior durability, since pulse D C bias with a frequency of lkHz -1 OOGHz
and pulse width of 1 ns -- SOOp,s is applied to the disc Accordingly, it is
possible to make the carbon protective film thinner while also maintaining
durability, and thus provide a magnetic recording medium that is capable of
reducing spacing loss In addition, tt is possible to increase the coating
rate, and production efficiency therein Therefore, it is possible to
efficiently provide a reliable) magnetic recording medium, which can
support a sufficiently high recording density without lowering the output
properties thereof   ~ 6 MAR Z002 23 In the following, the effects of the
present invention are specified, using concrete examples (Test Examples
13-26) After an aluminium alloy substrate coated with a NiP metal film
(with a diameter of 95mm and thickness of 0 8mm) was treated with
mechanical texture-processing to form an average surface roughness of 20~,
a non-magnetic base film (with a thickness of 6000 comprising a Cr alloy.
and a magnetic film comprising a Co alloy were successwely formed on both
sides of the substrate, using spattering device (30l0 manufactured by
Anelva) to obtain a disc D Subsequently, the disc D was transported into a
chamber 10 of the aforementioned plasma CVD apparatus, and a mixed gas was
supplied from the supply source 14 into the chamber to achieve a flow rate
of 130sccm A mixed gas of toluene and hydrogen, with a mixing ratio of
toluene to hydrogen of 1 to 12 by volume, was used as the reactant gas
Additionally, the inner pressure of the chamber 10 was maintained at 6Pa At
the same time, pulse D C bias was applied to the disc under the conditions
shown in Table 3, using an electrical bias source 13, and high frequency
electrical power of 300W) or alternatively 500W, was supplied to the
electrodes 1 1 to generate plasma and form a carbon protective film with a
thickness of SOA on both sides of the disc D 



The temperature of the disc D during coating was maintained at 130C The
difference in the phase of high frequency electrical power supplied to each
electrode 11 was set at 180 In addition, the distance between the disc D
and electrode 11 was set at 30mm Subsequently, a magnetic recording medium
was obtained by means of applying a fomblin lubricant (Fomblin Zdol 2000)
to the carbon protective film, according to a dipping method, to form a
lubricating film thereon with a thickness of 201 The CSS test described in
the following was performed on the resultant magnetic recording media In
the test, using a MR head, a CSS operation was performed on the magnetic
recording medium 10,000 times, at a rotational speed of 7200rpm, and a
temperature of 40C with a humidity of 80% After allowing the magnetic
recording   0 B MAR 2002 24 medium to sit for 1 hour, the dynamic sticuon
value was monitored The results are shown m Table 3 In the table, the term
"plasma RF electrical power" represents the electrscal power supplied to
the electrodes 11 dunne the formation of the carbon protective film   0 8
MAR 2002 25 Table 3 Bias i frequency j I I I IPulse 



width '  II Bias voltage  (V)Plasma RF electrical  power (W)Coating ~ rate
~I  (A/mm) ,Suction (-) iTest Example 131 kHz500 ns-120500 I405 i0 81 ,Test
Example l.t i 200 kHz i500 ns i-120500 ,753 I0 40 ITest Example is 2 MHz j
i i250 ns I-120300 ,712 I0 55 Test Example l6 ~10 MHz i50 ns ~-120500 ~,
844 i0 46Test Example 17 ;200 kHz ~1 ns-120500 ~4770 88Test Example 18200
kHz1000 ns-120S00777 ~.0 44Test Example 19 I1 kHz i~~ot)OO ns-120500 ! I624
I0 67 Test Example 2U ; 70 GHz ! 50 ns i -l00 ~ 500 553 0 66 Test Example
21 '101 GHz1 ns ,-100 I;500~ 413 ICrash Test Example 22 i i 0 5 kHz ~ ~ 500
ns -100 500 ; 388 CrashTest Example 23 '200 kHz500 ns-400500j 1042CrashI
Test Example 24 i 



I200 kHz :0 5 ns-100500I 340CrashTest Example 251 kHz0 8 ms I I-100500I 314
~ i I .Crash I I 1CJL t.\dlll}lIC LW ~ - ~ - - .J VV I .JJJ ~ VtClJll From
the results of the CSS test shown in Table 3, it ~s clear that the magnetic
recording media obtained according to the method for applying pulse D C
bias with a frequency of 1 kHz - 1 OOGHz and pulse width of 1 ns - 500~ts
to the disc, at the time of forming the carbon protective film, were
superior in durability and exhibited a higher coating rate As described in
the aforementioned, according to the present invention, it is possible to
efficiently form a carbon protective film with a superior durability
Accordingly, it is possible to make the carbon protective film thinner
while also maintaining a sufficient durability, and thereby reduce spacing
loss Therefore, it is possible to provide a highly reliable, magnetic
recording medium, which can support a sufficiently high recording density
without lowering the output properties   Q 8 MAR 20D2 26 Figure 3 shows the
manufactunng equipment used in another embodiment of the method for
manufacturing a magnetic recording medium according to the present
invention The manufacturing equipment shown herein is provided with a
spattering device I, temperature regulating device 2, and plasma CVD
apparatus 3 The spattering device 1 is used to form a non-magnetic base
film, magnetic film. and the like, on a non-magnetic substrate, and may
comprise any apparatus generally used for manufacturing a magnetic
recording medium The temperature regulating device 3 sets the temperature
of the disc sent to the aforementioned plasma CVD apparatus 3 to a
predetermined degree, and comprises a chamber 4, which stores the disc, and
a supply source for supplying the temperature ad~ustin~ gas 5, which is
used for adjusting the temperature of the disc in the chamber 4 The
aforementioned chamber 4 is connected to an introduction tube 7, which
directs the temperature adjusting gas supplied from the supply source 5
into the chamber 4, and an exhaust tube 8, which expels the gas inside the
chamber 4 out of the system The aforementioned chamber 4 comprises an
airtight structure, and is provided with a transport entrance 4a, which
transports a disc passing through the spattering device 1 into the chamber
4, and a transport exit 4b, which transports the disc out of the chamber 4
towards the aforementioned plasma CVD apparatus 3 The aforementioned plasma
CVD apparatus 3 may comprise the same structure shown in Fig 1 



In the following, another embodiment of the method for manufacturing a
magnetic recording medium according to the present invention is described,
using an example in which the aforementioned manufacturing equipment is
employed Initially, using a spattering device 1, a non-magnetic base film
and magnetic film are formed on both sides of the non-magnetic substrate,
to obtain a disc D The non-magnetic substrate may comprise any substrate
that is generally used as a substrate for a magnetic recording medium, as
described in the aforementioned The material and thickness of the
non-magnetic base film and magnetic film are similarly as described in the
aforementioned   o s r~aR zoo2 In general, when forming the non-magnetic
base film and magnetic film, the temperature of the non-magnetic substrate
is approximately 2S0 -- 350C Subsequently, the disc D, layered with the
non-magnetic base film and magnetic film on the non-magnetic substrate
according to the aforementioned operations, is transported into the chamber
4 of the temperature regulating device 2 through the transport entrance 4a,
and the disc D ~n the chamber 4 is exposed to the temperature ad~ust~nv
gas, which is supplied from the supply source 5 via the introduction tube 7
into the chamber 4, from which the gas is exhausted via the exhaust tube 8
to circulate the gas within The temperature adjusting gas is not
particularly limited, as long as it does not adversely affect the dtsc D,
examples of the aforementioned gas may include hydrogen, nitrogen, helium,
neon, argon, and the like The temperature of the temperature adjusting has
is appropriately determined according to the desired temperature of the
disc D, and other conditions, such as a flow rate of the temperature
adjusting gas and the like, however, this temperature is preferably m the
range of 0 --- 250C When carrying out this operation, the flow rate of the
temperature adjusting gas is preferably 50 - 1500sccm Additionally, the
inner pressure of the chamber 4 is preferably set at a predetermined value,
a g . 1 ~ 30Pa by means of appropriately adjusting the flow rate of the
exhaust gas from the chamber 4 By means of exposing the disc D to the
temperature adjusting gas, heat exchange is performed between the disc D
and temperature adjusting gas This operation is continued until the
temperature of the disc D is in the range of I00 ~ 250C, preferably 150 ~
250C, and more preferably 150 - 200C If the temperature of the disc D is
less than 100C, the density of the carbon protective film formed onto the
disc D, according to the operation described in the following, results in a
low value. which leads to an inferior durability If the temperature exceeds
250C, the kinetic energy of the molecules of the reactant gas becomes too
high during the formation of the carbon protective film according to the
operation described in the following, which ~n turn results in difficulty
in adhering the molecules to the disc D, thereby leading to a low coating
rate In addition,   ~0 B MAR 200 2s the resultant carbon protective film
contains a greater number of high polymer components that are inferior In
strength, which then lead to an Inferior durability Subsequently, the disc
D is transported out of the temperature regulating device 2 via the
transport exit 4b, and immediately Into chamber 10 of the aforementioned
plasma CVD apparatus 3, where the surface of the disc D, the temperature of
which has been adjusted to the aforementioned value by means of the
temperature regulating device ~) Is exposed to a reactant gas, which is
supplied from the supply source 14 via the introduction tube 15 Into the
chamber 10 Gas is continuously exhausted through the exhaust tube 16 to
circulate the gas within chamber 10 



The reactant gas is preferably a mixed gas of hydrocarbon and hydrogen with
a mixing ratio of hydrocarbon to hydrogen in the range of 2 to 1 - 1 to 100
by volume as described in the aforementioned, and the hydrocarbon
preferably comprises at least one type of hydrocarbon selected from among
lower saturated hydrocarbons, lower unsaturated hydrocarbons, and lower
cyclic hydrocarbons When carrying out the operation, the flow rate of the
reactant gas Is preferably in the range of 50 ~ SOOsccm In addition, the
inner pressure of the chamber 10 is preferably set at a predetermined
value, a g , 0 1 - l OPa by means of appropriately adjusting the flow rate
of the exhaust gas from the chamber 10, using the exhaust regulating valve
17 At the same time, using the high frequency electrical power source 12,
high frequency electrical power of preferably 50 - 2000W Is supplied to the
electrodes 11 to generate plasma and form the carbon protective film on
both sides of the disc D by means of plasma chemical gas phase growth,
using the aforementioned reactant gas as a starting material The thickness
of the carbon protective film is preferably in the range of 30 -100~ When
supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode different By
means of making the phases of electrical power supplied to each electrode
I1 different, it is possible to improve the coating rate and durability of
the protective film The difference in the phase of electrical power
supplied to each electrode is preferably m the range of 90 - 270, and in
particular, more preferably comprises the opposite phase (i a , l80)   o s
MAR zoo2 29 Herein, it ~s preferable to form the film while performing bias
applying such as high frequency bias and pulse D C bias to the disc, using
the electrical bias source 13 The conditions of bias, such as voltage and
the like, are preferably as described in the aforementioned In addition, a
lubricating film may be provided on the protective film by means of
applytn; a lubricant such as fomblin lubricant, perfluoropolyether, and the
like, accordin`; to a dipping method or the like In the aforementioned
manufacturing method, since the disc temperature is set at 100 ~ 250C in
advance, during formation of the carbon protective film, the carbon
protective film is able to support a higher density, which leads to a
superior durability Accordingly, it is possible to make the carbon
protective film thinner, while also maintaining a sufficient durability,
and thus provide a magnetic recording medium that is capable of reducing
spacing loss at the time of recording and replay Therefore, it is possible
to provide a highly reliable, magnetic recording medium, which can support
a sufficiently high recording density without lowering the output
properties thereof In addition, it is possible to accelerate adhesion of
the materials of the carbon protective film. derived from the reactant gas,
to the disc D, and thereby increase the coating rate and production
efficiency The reason for the improvement in durability of the carbon
protective film by means of setting the temperature of the disc D in the
aforementioned range at the time of forming the aforementioned carbon
protective film is unclear, however, the following is hypothesized Namely,
if the temperature is less than the aforementioned range, the kinetic
energy of the molecules of the materials of the carbon protective film at
the time of forming the carbon protective film is low, which results in an
insufficient tightness and irregular configuration of the carbon protective
film molecules Accordingly, the resultant carbon protective film comprises
a lower density, leading to an inferior durability of the carbon protective
film In addition, if the temperature exceeds the aforementioned range, high
polymer reactions such as polymerization, condensation, and the like are
more likely to occur) and   0 8 MAR 2002 30 the carbon compounds, derived
from the supplied reactant gas, will tend to form high polymers on the
surface of the disc D As a result, the number of high polymer components in
the carbon protective film, which exhibit an inferior strength. increases,
thereby leadme to an inferior durability m the carbon protective film In
the following the effects of the present invention are specified, using
concrete examples 



(Test Examples 27 --32) Magnetic recording medium was manufactured as
described ~n the following, using the equipment shown in Figures 1 and 3
After an aluminium alloy substrate coated with a NiP metal film (with a
diameter of 95mm and thickness of 0 8mm) was treated with mechanical
texture-processing to form an average surface roughness of 20A, a
non-magnetic base film (with a thickness of 600A) comprising a Cr alloy,
and a magnetic film comprising a Co alloy were successively formed on both
sides of the substrate, using a spattering device (3010 manufactured by
Anelva), to obtain a disc D At the time of forming the aforementioned
non-magnetic base film and magnetic film, the temperature of the substrate
was set at 2a0C Subsequently, the disc D was transported into the chamber 4
of the temperature regulating device 2, where hydrogen gas (the temperature
of which was adjusted in advance to 20C) for use in adjusting the
temperature of the disc was supplied at a flow rate shown in Table 4 In
this manner, the temperature of the disc D was adjusted to the values shown
in Table 4 by means of exposing the disc D to the hydrogen gas for a penod
of time shown in Table 4 Furthermore, the temperature of the disc D was
measured by means of a radiation thermometer provided in chamber 4 The
inner pressure of the chamber 4 was set at 10 Pa Subsequently, the disc D
was immediately transported into the chamber 10 of the plasma CVD apparatus
3, and a reactant gas was supplied from the supply source 14 into the
chamber 10 at a flow rate of 130sccm A mixed gas of toluene and hydrogen,
with a mixing ratio of toluene to hydrogen of 1 to 10 by volume, was used
as the reactant gas In addition) the inner pressure of the chamber 10 was
set at 6Pa   0 8 MAR 2002 31 At the same time, high frequenc~~ electrical
power of SOOVf was supplied to the electrodes 1 1 to generate plasma and
form a carbon protectwe film with a thickness of 50~ on both sides of the
disc D The temperature of the disc D was set as shown in Table 4, by means
of the aforementioned temperature regulating device 2 In addition, high
frequency electrical power of 50W was applied to the disc D. using the
electrical bias source 13 In addition, the difference in the phase of high
frequency electrical power supplied to each electrode 1 1 was set at 180
Subsequently, fomblin lubricant was applied to the carbon protective film,
to form a lubricating film with a thickness of 15~, and yielding a magnetic
recording medium The CSS test described in the following was performed on
the resultant magnetic recording media In the CSS test) using MR head, a
CSS operation was performed ?0.000 times at a rotational speed of 7200 rpm,
and a temperature of 40C with a humidity of 80rb The dynamic stiction value
was monitored after allowing the magnetic recordm~ medium to sit for one
hour The results are shown m Table 4 (Test Examples 33 - 36) The magnetic
recording medium was manufactured in the same manner as in the
aforementioned test examples, with the exception that the temperature of
the disc D, at the time of forming the carbon protective film, was adjusted
by means of changing the temperature of the disc D at the time of transport
into the temperature regulating device 2, andior the flow rate or
temperature of the temperature adjusting gas in the temperature ad~ustmg
operation, using the temperature regulating device 2 The test results are
also shown in Table 4   ~ 8 MAR 2002 32 Table 4 i Temp i regularing time
(sec)j Flow rate of ~ i temp ad~usung ~ gas (sccm)Dtsc temp ! 



when forming ~ film ("C)Coaung rate (A/mm); Sttcuon (-) I. ,Test Example 27
880238 i617i 0 72i Test Example 2~ I 13~ 80 ' I220 j6600 66 !' Test Ewmple
29 ; 20~ 80 I Il74 ,76s0 67 ~ Test Example 3U8 ;200191720 i0 63Test Example
31 I1 3 I200150 ~830 ~0 73 ;Test Example 32 i6802505060 68 'Test Example 33
'0 ~0 j327 i339 ~2 59Test Example 3.~ '2 ~80 a3043811 48 ;Test Example 3 ~
~132000 ~ I50 i1850 jCrashj Test Example 36 ~0 '0 ~400225Crash From the
results shown in Table 4, it is clear that the magnetic recording media
manufactured according to a method in which the temperature of the disc D
was set in the ran=a of 100 -- 250C, at the time of forming the carbon
protective film, exhibited a lower sucuon value after performing the CSS
test and a superior durability, in addition to a higher coating rate, when
compared to the magnetic recording media manufactured according to a method
in which the temperature of the disc D was set outside of the
aforementioned range As described in the aforementioned, tn the method for
manufacturing a magnetic recording medium according to the present
invention) it is possible to provide a carbon protective film comprising a
high density and superior durability Accordingly, it is possible to
manufacture a thinner carbon protective film while also maintaining a
sufficient durability, and thus to provide a magnetic recording medium that
is capable of reducing spacing loss at the time of recording and replay
Therefore, it is possible to provide a highly reliable magnetic recording
medium, which can support a sufficiently high recording density without
lowering the output properties thereof Additionally, it is possible to also
increase the production efficiency   0 s MAR 2002 ,^ JJ In the following,
another embodiment of the method for manufactunne a magnetic recording
medium according to the present invention is described, using an example
which employs the aforementioned plasma CVD apparatus shown m Figure 1
Initially, a non-magnetic base film and magnetic film were formed on both
sides of non-magnetic substrate, according to a method such as a
spatter-coaung method, and the like, to obtain a disc D The non-magnetic
substrate may comprise any substrate that is generally used as a substrate
for a magnetic recording medium, as described m the aforementioned The 



material and thickness of the non-magnetic base film and magnetic film are
also as described in the aforementioned Subsequently, the disc D is
transported into the chamber 10 of the aforementioned plasma CVD apparatus,
and the surface of the disc D is exposed to the reactant gas, which is
supplied from the supply source 14 via the introduction tube 1 S into the
chamber 10, from which the gas ~s exhausted through the exhaust tube 16 to
circulate the gas within The reactant gas comprises a mixed gas of
hydrocarbon and hydrogen, with a mi~:ing ratio of hydrocarbon to hydrogen
in the range of 2 to I - 1 to 100 by volume The hydrocarbon preferably
comprises at least one type of hydrocarbon selected from among lower
saturated hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons When carrying out this operation, the flow rate of the
reactant gas is preferably in the ranse of 50 ~ SOOsccm According to the
method of this embodiment, the flow rate of the exhaust gas from the
chamber 10 is appropriately adjusted, using the exhaust regulating valve 17
provided in the exhaust tube 16, such that the pressure of the reactant gas
in the chamber 10 falls into the range of 0 1 - l OPa, preferably 2 - 6 Pa,
and more preferably 4 5 -- 6 Pa The reason for setting the pressure in the
aforementioned range is that the coating rate decreases if the pressure is
less than 0 1 Pa, while the durability of the carbon protective film
deteriorates if the pressure exceeds 1 OPa   0 a MaR 200 34 At the same
time, high frequency electrical power of preferably 50 ~ 2000W is supplied
to the electrodes I 1, us~n~ a high frequency electrical power source 13,
to generate plasma, and thereby form a carbon protectwe fi 1 m formed on
both sides of the disc D by means of the plasma chemical gas phase growth,
using the aforementioned reactant gas as a starting material The thickness
of the carbon protective film is preferably m the range of 30 -- 100 When
supplying electrical power to the electrodes I 1 and 11, it is preferable
to make the phases of electrical power supplied to each electrode 1 1
different By means of shifting the phase of electrical power supplied to
each electrode, the coating rate and durability of the protective film can
be improved The difference in the phase of electrical power supplied to
each electrode is preferably in the range of 90 -- 270, and in particular
the opposite phase (i a . 180) is preferred In addition, when forming the
carbon protective film, it is preferable to form the film while performing
bias applying, such as high frequency bias or pulse D C bias, to the disc
D, using an electrical bias source 13 The preferred conditions of bias, a g
, voltage and the like are as described in the aforementioned In addition,
a fubncating film may be provided on the protectwe film by means of
applying the aforementioned lubricant In the aforementioned manufacturing
method, since the pressure of the reactant 



gas is maintained at 0 1 - IOPa, at the time of forming the carbon
protective film, the resultant carbon protective film exhibits a superior
durability Accordingly, it is possible to make the carbon protective film
thinner while also maintaining a sufficient durability, and thus provide a
magnetic recording medium that is capable of reducing spacing loss at the
time of recording and replay Thus, it is possible to provide a highly
reliable magnetic recording medium, which can support a sufficiently high
recording density without lowering the output properties thereof In
addition, it is possible to increase the coating rate and production
efficiency The reason that a carbon protective film with superior
durability can be efficiently formed by means of setting the pressure of
the reactant gas in the aforementioned range   0 0 MAR 2002 35 at the time
of forming the aforementioned carbon protective film is hypothesized m the
following Setting the pressure for the reactant gas in the aforementioned
range results in the excitation and activation of a portion of the
hydrocarbons m the reactant gas by the plasma After decomposition of the
potion of the hydrocarbons. this portion of hydrocarbons are restructured
onto disc D to form a diamond-like carbon (referred to hereinafter as
"DLC") with hieh hardness Thus, the resultant carbon protective film
exhibits superior strength In addition, a sufficient reactant gas is thus
supplied to the chamber 10, leading to a high coating rate On the other
hand, if the pressure of the reactant gas is less than the aforementioned
range, the number of hydrocarbon molecules in the reactant gas which exist
in the chamber 10 becomes insufficient, leading to an inadequate coating
rate In addition, if the pressure exceeds the aforementioned range, the
number of hydrocarbon molecules in the reactant gas present within chamber
10 becomes too high, which in turn leads to difficulty in decomposing the
hydrocarbons even ~n the presence of the plasma As a result, a portion of
the hydrocarbons in the reactant gas remain adhered to the disc D without
undergoing decomposition, and the overall content of DLC in the resultant
carbon protective film decreases, leading to a carbon protective film with
an inferior strength In the following, the effects of the present invention
are specified, using concrete examples (Test Examples 37 ~ 43) After an
aluminium alloy substrate coated with a NiP metal film (with a diameter of
95mm and thickness of 0 8mm) was treated with mechanical texture-processing
to form an average surface roughness of 231, a non-magnetic base film (with
a thickness of 6000 comprising a Cr alloy, and a magnetic film comprising a
Co alloy were successively formed on both sides of the substrate, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the
aforementioned plasma CVD apparatus, and a mixed gas was supplied from the
supply   0 B MAR 2D02 36 source 14 into the chamber to achieve a flow rate
of 130sccm A mixed gas of toluene and hydrogen, with a mixing ratio of
toluene to hydrogen of 1 to 10 by volume, was used as the reactant gas The
inner pressure of the chamber 10 at this time was mamta~ned as shown ~n
Table 5, by means of adjusting the exhaust regulating valve 17 At the same
time. high frequency electrical power of 500V4' was suppI~ed to the
electrodes I1 to generate plasma, and thereby form a carbon protective film
with a thickness of 50~ on both sides of the disc D In addition) high
frequency electrical power of 50V' was applied to the disc D, using the
electrical bias source 13 In addition, the difference in the phase of high
frequency electrical power supplied to each electrode I 1 was set at I80
Subsequently, fomblin lubricant was applied to the carbon protective film,
to form a lubricating film with a thickness of 15~, thereby yielding a
magnetic recording medium The CSS test described tn the following was
performed on the magnetic recording media In the CSS test, using an MR
head, a CSS operation was performed 20,000 times at a rotational speed of
7200 rpm, and a temperature of 40C with a humidity of 80% The dynamic
stiction value was monitored after allowing the magnetic recording medium
to sit for one hour The results are shown in Table 5 Additionally, Raman
spectral analysis (argon ion laser excitation) was performed on the
aforementioned magnetic recording media, using a Raman spectral analysis
apparatus (manufactured by JEOL Co , Inc) These results are also shown in
Table 5 



In general, when a carbon film is analyzed according to the Raman spectral
analysis, a profile with two peaks is obtained in which a g-band is
measured at approximately 1530cm-' and a d-band is measured at
approximately 1400cm~' A smaller value for Id/Ig, or alternatively, a
higher frequency for the g-band peak results in greater diamond-like
characteristics in the carbon film (Test Examples 44 and 45) A magnetic
recording medium was manufactured in the same manner as the aforementioned
test example, with the exception that the pressure of the reactant gas in
the chamber 10 was modified by means of adjusting the exhaust regulating
valve 17 The test results are shown in Table 5   Q s MaR zoo2 Additionally,
Raman spectral analysis was performed on these magnetic recording media The
results also displayed in Table   ~ 8 MAR 20Q2 38 Table 5 Pressure
ofSuction (-); Results of Raman spectral analysisreactant gas (Pa)i G-line
(cm" ) ;Id/Ig (-)Test Example 37 : i2 30 i0 71I 1 S40 9 '0 6'_'Test Example
383 600 50j 1S39 9 ' I0 56 ,Nest Example 39 ~4 70 ,0 43I553 0 ~0 63 r Test
Example 40 ! 5 30 0 49i I, 1 s45 2 ~ 0 53 ' Test Example 41i 5 80 ~ 0
461547 5 i 0 66i Test Example 42 ; 6 40 i0 831535 6 j0 51 iTest Example 430
880 771558 90 76 '!Test Example 4413 11 24 ~ 1565 ~3 77 ;Test Example 4~
'16 4 'Crash ~ 1566 0 ~3 89 ! From the results shown in Table 5, it is
clear that the magnetic recording media, manufactured according to a method
in which the pressure of the reactant gas at the time of forming the carbon
protective film is maintained at 0 1 - 1 OPa, are superior in durability
when compared to magnetic recording media manufactured according to a
method wherein the pressure is set outside of the aforementioned range
Moreover, among the aforementioned) it is clear that magnetic recording
media manufactured according to a method in which the pressure of the
reactant gas is maintained at 2 -- 6 Pa, in particular, exhibit a superior
durability In addition, the carbon protective films of magnetic recording
media, manufactured according to a method wherein the pressure of the
reactant gas is maintained in the aforementioned range, display g-band peak
values at higher frequency when compared to those manufactured according to
a method wherein the pressure is set outside of the aforementioned range,
which in turn lead to a low Id/Ig and greater DLC content As described in
the aforementioned. in the method for manufacturing a magnetic recording
medium according to the present invention, a carbon protective film
exhibiting a superior durability is produced by means of maintaining the
pressure of the reactant gas at 0 1 ~ IOPa at the time of forming the
carbon film Accordingly, it is possible to make 



0 8 MAR 2002 39 the carbon protective film thinner while also maintaining a
sufficient durability, and thus to provide a magnetic recording medium that
is capable of reducing spacing loss at the time of recording and replay
Therefore, it is possible to provide a highly reliable magnetic recording
medium, which can support a sufficiently high recording density without
lowering the output properties thereof In addition, it is also possible to
increase the coating rate. and production effic~encv In the following,
another embodiment of the method for manufacturing a magnetic recording
medium according to the present invention, using an example in which the
aforementioned plasma CVD apparatus shown in Figure 1 is employed
Initially, a non-magnetic base film and magnetic film were formed on both
sides of a non-magnetic substrate, according to a method such as a
spatter-coating method or the like, to obtain a disc D The non-magnetic
substrate may comprise any substrate that is generally used as a substrate
for a magnetic recording medium, as described in the aforementioned The
material and thickness of the non-magnetic base film and magnetic film are
also as described in the aforementioned Subsequently, the disc D is
transported into the chamber 10 of the aforementioned plasma CVD apparatus,
and the surface of the disc D is exposed to the reactant gas, which is
supplied from the supply source 14 through the introduction tube 15 into
the chamber 10 The gas is then exhausted from chamber 10 via the exhaust
tube 16 to circulate the gas therein According to the manufacturing method
of this embodiment, the reactant gas is that comprises a mixed gas of
hydrocarbon and hydrogen, with a mixing ratio of hydrocarbon to hydrogen m
the range of 2 to 1 -- 1 to 100 by volume, into which nitrogen gas is added
at a adding volume of 0 1 - 100% of the mixed gas, and preferably 50 -1
OOvol%   0 8 MAR 2002 40 The hydrocarbon preferably comprises at least one
type of hydrocarbon selected from amons lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons The nitrogen gas ~s
added into the aforementioned mixed gas at a adding volume of 0 1 ~ 100% of
the mixed gas A adding volume of the nitrogen gas to the mixed gas of less
than 0 1 ~o by volume, or alternatively exceeding 100% by volume reduces
the hardness of the carbon protective film) which m turn leads to an
insufficient durability In addition. the reason that the mixing ratio of
the aforementioned mixed gas of hydrocarbon to hydrogen is preferably m the
aforementioned range since a mixing ratio of the hydrocarbon to hydrogen in
the mixed gas of less than the aforementioned range leads to a reduced
coating rate which is unsuitable for practical, industrial production
Similarly, a mixing ratio exceeding the aforementioned range results in an
increase in the stress remaining within the carbon protective film, leading
to inferior adhesion and an inferior resistance to CSS m the resultant
carbon protective film In addition. a lower hydrocarbon is preferably used
as the hydrocarbon - if the number of carbon atoms of the hydrocarbon
exceeds the aforementioned range, it is difficult to supply the hydrocarbon
as a gas, and in addition, at the time of discharge, difficulty with the
decomposition of hydrocarbons is encountered, which in turn leads to a
carbon protective film containing high polymers that are inferior in
strength When carrying out the operation, the flow rate of the reactant gas
is preferably in the range of 50 ~ 500sccm In addition, the inner pressure
of the chamber 10 is preferably set at the predetermined value, a g , 0 1
-- l OPa At the same time) high frequency electrical power of preferably 50
~ 2000W is supplied to the electrodes 11, using the high frequency
electrical power source 12, to generate plasma, and thereby form a carbon
protective film on both sides of the disc D by means of plasma chemical gas
phase growth, using the aforementioned reactant gas as a starting material
The thickness of the carbon protective film ~s preferably in the range of
30 ~ 100 When supplying electrical power to the electrodes 11 and 11, it is
preferable to make the phases of electrical power supplied to each
electrode I 1 different By means of shifting the phase of electrical power
supplied to each electrode, it is possible to improve  



0 8 r~a~ 20o2 41 both the coating rate and durability of the protective
film The difference in the phase of electrical power supplied to each
electrode is preferably in the range of 90 - 270, and ~n particular the
opposite phase (i a , 180) ~s preferred In addition, when forming the
carbon protective film. ~t is preferable to form the film while performing
bias applying, such as high frequency bias or pulse D C bias. to the disc
D, using the electrical bias source 13 The conditions of bias such as
voltage and the like are preferably as described in the aforementioned In
addition, a lubricating film may be provided on the protective film by
means of applying the aforementioned lubricant In the aforementioned
manufacturing method, as the reactant gas, by means of adding a nitrogen
gas, at a adding volume of 0 1 -- 100% of the mixed gas, and preferably 50
- 100% by volume, into the mixed gas comprising hydrocarbon and hydrogen,
with a mixing ratio of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1
to 100 by volume, at the time of forming the carbon protective film, the
carbon protective film exhibits a superior durability Accordingly, it is
possible to make the carbon protective film thinner while maintaining a
sufficient durability, and thus provide a magnetic recording medium that is
capable of reducing spacing loss at the time of recording and replay
Therefore, it is possible to provide a highly reliable magnetic recording
medium, which can support a sufficiently high recording density without
lowering the output properties thereof The reason that it is possible to
form a carbon protective film possessing a superior durability by means of
using a mixed gas, in which the nitrogen gas has been added at a adding
volume of 0 1 ~- 100% of the mixed gas as the reactant gas at the time of
forming the aforementioned carbon protective film, is unclear, but is
hypothesized as follows It is hypothesized that by means of using gas
containing nitrogen gas as the reactant gas, the nitrogen atoms bond to
"dangling bonds" which exists in the carbon protective film, thereby
increasing the chemical stability and mechanical strength of the carbon
protective film   0 8 MAR 2002 42 Additionally, in particular) when
providing a lubricating film on the carbon protective film, by means of
using a reactant gas containing nitrogen gas, the wetting properties on the
surface of the carbon protective film are improved due to the introduction
of the nitrogen polar groups Accordmely, the affin~tv of the carbon
protective film to the lubricating film improves, leading to improved
durabil~tv of the magnetic recording medium The reason for setting the
adding volume of nitrogen gas to the mixed gas m the aforementioned range
is that if the adding volume ~s less than the aforementioned range, the
aforementioned effects become insufficient, while if the adding volume
exceeds the aforementioned range. the nitrogen content in the carbon
protective film becomes too high, leading to a decrease in the strength of
the carbon protective film, and inferior durability In the following. the
effects of the present invention are specified, using concrete examples
(Test Examples 46 and 47) After an aluminium alloy substrate coated with a
NiP metal film (with a diameter of 9> mm and thickness of 0 8 mm) was
treated with mechanical texture-processing to form an average surface
roughness of 20~, a non-magnetic base film (with a thickness of 6000
comprising a Cr alloy, and a magnetic film comprising a Co alloy were
successively formed on both sides of the substrate, using a spattering
device (3010 manufactured by Anelva), to obtain a disc D Subsequently, the
disc D was transported into the chamber 10 of the aforementioned plasma C
VD apparatus, and a reactant gas was supplied from the supply source 14
into the chamber to achieve a flow rate of 130 sccm A mixed gas of toluene
and hydrogen, with a mixing ratio of toluene to hydrogen of 1 to 10 by
volume, into which nitrogen gas was added at a adding volume shown in Table
6, was used as the reactant gas Furthermore, the inner pressure of the
chamber 10 was maintained at 6 Pa At the same time, high frequency
electrical power of 500W was supplied to the electrodes 11 to generate
plasma, and thereby form the carbon protective film with a thickness of 50~
on both sides of the disc D At this time, high frequency electrical   0 8
May zooz 



43 power of 50W was applied to the disc D, using the electrical bias source
13 In addition. the difference in the phase of high frequency electrical
power supplied to each electrode 11 was set at 180 Subsequently, fomblin
lubricant was applied to the carbon protective film, to form a lubricating
film with a thickness of 15~, thereby yielding the magnetic recordms medium
The CSS test and corrosion test the following were performed on the
magnetic recording media In the CSS test, using an MR head, a CSS operation
was performed 20,000 times at a rotational speed of 7200 rpm, and a
temperature of 40C with a humidity of 80~0 The dynamic stiction value was
monitored after allowing the magnetic recording medium to sit for one hour
In the corrosion test, after sitting for 96 hours at a high temperature
(60C) and high humidity (80%), the magnetic recording medium was soaked in
50 cc of ultrapure water at 25C, and the extraction amount of Co (per
substrate area) from the ultrapure water was measured In addition, the
extraction amount of Co was measured in the same manner after allowing the
magnetic recording medium to sit for 96 hours at normal temperature (25C)
and normal humidity (50%) These test results are shown in Table 6 (Test
Examples 48 and 49) Magnetic recording medium was manufactured, using a
gas, m which nitrogen gas had been added into a mixed gas at a adding
volume shown ~n Table 6, as the reactant gas The CSS test and corrosion
test were performed on the magnetic recording media These test results are
also shown in Table 6   o s May zooz 44 Table 6 IAdding volStieuon
(-)Coatingi Corrosion test I jof nitrogen gas (vol %) , ; iI rate (:4~mm) j
Ihiormal temp & humidity (ng/cm-)i High temp 8 ': humidor ' (ngicm-)i Test
Example 46 ~50 ;0 88664 i0 07i 0 34Test Example 47 i100 i0 67 i4320 1 10 ?>
;Test Example 48 ;01 27 ~7530 12; 0 24 iTest Example 49200Crash '125 ~0 441
? S I i From Table 6, it is clear that the magnetic recording media
manufactured according to a method which used a mixed gas, Into which
nitrogen gas was added at a 



adding volume of 0 1 - 100 i of the mixed gas. as the reactant gas,
exhibited lower suction values, leading to a superior durability
Additionally, from the results of the corrosion test, it is clear that
these magnetic recording media contained only an extremely small amount of
corrosion, and exhibited a level of resistance to corrosion which poses no
problem for practical use As explained in the aforementioned, in the method
for manufacturing a magnetic recording medium according to the present
invention, it is possible to form a carbon protective film comprising a
superior durability Accordingly, it is possible to make the carbon
protective film thinner while also maintaining a sufficient durability, and
hence reduce spacing loss Thus, it is possible to provide a highly reliable
magnetic recording medium, which can support a sufficiently high recording
density without lowering the output properties thereof In the following, an
embodiment of the magnetic recording medium according to the present
invention is described Figure 4 shows an embodiment of the magnetic
recording medium according to the present invention, wherein a non-magnetic
base film 41, magnetic film 42, carbon protective film 43, and lubricating
film 44 are successively formed on a non-magnetic substrate S   a 8 MAR
2002 45 The non-magnetic substrate S may comprise any substrate that is
generally used as a substrate for a magnetic recording medium, examples of
which may include an aluminium alloy substrate coated with a NiP metal
film, and substrates comprising glass, silicone, and the like In addition,
the surface of the non-magnetic substrate S is preferably treated with
texture-processing) a g , mechanical texture-processing In particular, the
average surface roughness (Ra) is preferably in the range of 1 - 20th 



Preferred examples of the materials for the non-magnetic base film 41 and
magnetic film 42 are as described in the aforementioned The thickness of
the non-magnetic base film 41 and magnetic film 42 is preferably in the
range of 50 -- 1000k and 50 ~ 800k respectively In the magnetic recording
medium according to the present invention, the carbon protective film may
comprise a two-layer structure, comprising a plasma CVD carbon layer 43a
formed accordinv= to a plasma CVD method, and a spatter carbon layer 43b
formed thereon according to a spatter-coating method The thickness of a
plasma CVD carbon layer 43a is preferably in the range of 30 100N A
thickness of less than 30A results in an insufficient strength for the
entire protective film, while a thickness exceeding I00, results in a
magnetic recording medium with a greater spacing loss at the time of
recording and replay, which leads to a higher likelihood of lowering output
properties when increasing recording density The spatter carbon layer 43b
is provided on the surface of the carbon protective film 43, and its
thickness is in the range of 5 - 100k and preferably 30 -- 100g A thickness
of less than 5~ results in weakening of the bonds between the spatter
carbon layer 43b and lubricating film 44, leading to an inferior resistance
to sliding of the magnetic recording medium On the other hand, a thickness
exceeding 100g results in a decrease in the output properties at the time
of increasing recording density Preferred examples of the materials of the
lubricating film 44 may include perfluoropolyether, fomblin lubricant, and
the like The thickness of the lubricating film 44 is preferably 5 - 40~   0
6 May 2aoz 46 In the following, another embodiment of the method for
manufacturing a magnetic recording medium according to the present
invention is described, using an example m which an aforementioned magnetic
recording medium is manufactured Figure 5 shows the spatter equipment used
for manufacturing the aforementioned magnetic recording medium, which
comprises a chamber 50, targets 51, which are provided on the inner walls
on both sides of the chamber S0, an electrical source 52 which supplies
electrical power to the targets 51. a supply source 53 for spatter gas
which supplies spatter gas into the chamber 50 



The chamber 50 is connected to a introduction tube 54 which directs the
spatter gas supplied from the supply source ~3 into the chamber 50, and an
exhaust tube 55 which expels gas inside of the chamber 7 out of the system
The target ~ 1 may principally comprise carbon The electrical source 52 may
comprise a D C electrical source, or a high frequency electrical source In
order to manufacture the aforementioned magnetic recording medium using the
aforementioned spatter equipment and plasma CVD apparatus shown in Figure
1, a nonmagnetic base film 41 comprising a Cr alloy, and magnetic film 42
comprising a Co alloy are successively formed on both sides of an aluminum
alloy substrate S coated with a l~iiP metal film, according to a method
such as a spatter-coating method, to obtain a disc D Subsequently, the disc
D is transported into the chamber 10 of the aforementioned plasma CVD
apparatus, and the surface of the disc D is exposed to the reactant gas,
which is supplied from the supply source 14 via the introduction tube 15
into the chamber 10, from which gas is exhausted via the exhaust tube 16 to
circulate the gas within The reactant gas is preferably a mixed gas of
hydrocarbon and hydrogen, with a mixing ratio of hydrocarbon to hydrogen in
the range of 2 to 1 - 1 to 100 by volume, and the hydrocarbon preferably
comprises at least one type of hydrocarbon selected from among lower
saturated hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons   0 8 MAR 2002 47 When carrmng out this operation, the flow
rate of the reactant gas is preferably 50 - 500 sccm Additionally, the
inner pressure of the chamber 10 ~s preferably set at a predetermined
value, such as 0 I ~ 10 Pa At the same time, using the high frequency
electrical power source 1'_, high frequency electrical power of preferably
50 ~- 2000V4' is supplied to the electrodes I 1 to generate plasma, and a
plasma CVD carbon layer 43a, the thickness of which is preferably in the
range of 30 -- 100k is formed on both sides of the disc D by means of
plasma chemical gas phase growth, using the aforementioned reactant gas as
a starting material When supplying electrical power to the electrodes 11
and 11, it is preferable to make the phases of electrical power supplied to
each electrode 11 different By means of making the phases of electrical
power supplied to each electrode 11 different, it is possible to improve
the coating rate and durability of the protective film The difference in
the phase of electrical power supplied to each electrode is preferably m
the range of 90 -- 370, and more preferably comprises the opposite phase (i
a , 180) In addition, it is preferable to form the film while performing
bias applying, such as high frequency bias or pulse D C bias, to the disc
D, using the electrical bias source 13 When using high frequency electrical
source as the electrical bias source 13, high frequency electrical power of
10 -- 300W is preferably applied to the disc D Additionally, when using
pulse D C electrical source as the electrical bias source 13, a voltage of
-Q00 - -10V is preferably applied to the disc D Furthermore, the width of
pulse is preferably m the range of 10 -- 50000 ns, and the frequency is
preferably in the ranse of 10 kHz ~ 1 GHz The resultant plasma CVD carbon
layer 43a contains a higher content of diamond-like carbon (DLC) of an
increased hardness, and is superior in strength, when compared to the
carbon films formed according to the conventionally known, spattercoating
method Subsequently, the disc D, on the surface of which a plasma CVD
carbon layer 43a has been formed according to the aforementioned operation,
is transported into the chamber 50 of the spatter equipment, and the
surface of the plasma C VD carbon layer 43a, formed on the aforementioned
disc D, is exposed to the spatter gas, which is   0 8 MAR 2002 48 supplied
into chamber 50 from the supply source 53 via the introduction tube 54 Gas
is then exhausted via the exhaust tube 5~ to circulate the gas within The
spatter gas may comprise argon, which is generally used in the spatter 



coating method In particular, a mixed gas comprising argon, into which at
least one eas selected from among nitrogen, hydrogen) and methane is added
at a adding volume to the argon of 0 1 ~ 100% by volume, is preferred At
the same time, electrical power ~s supplied to target 51, using the
electrical source 52, and the material of target 51 is then supplied onto
the plasma CVD carbon layer43a by means of spattering, to form the spatter
carbon layers 43b on both sides of the disc D In this operation, the flow
rate of the spatter gas is preferably 20 - 300 sccm Subseauently a
lubricant such as perfluoropolyether, fomblin lubricant. and the like, is
applied to the spatter carbon layer 43b, according to a dipping method or
the like In this manner, a magnetic recording medium, which compnsmg a
non-magnetic base film 41) magnetic film 42) carbon protective layer 43
which comprises plasma CVD carbon layer 43a and spatter carbon layer 43b,
and lubricator, layer 44 are successwely formed on the substrate S, is
provided In the aforementioned magnetic recording medium, since the carbon
protective layer 43 is provided with a plasma CVD carbon layer 43a formed
according to a plasma CVD method, and spatter carbon layer 43b formed
according to a spatter-coating method, the adhesion of the lubricating film
44 to the carbon protective film 43 is increased, which leads to a superior
durability It is hypothesized that the spatter carbon layer 43b formed by
means of spattering has a greater number of "dangling bonds" when compared
to the carbon film formed according to the plasma CVD method Therefore,
bonding which involves the "dangling bond" creates a stronger adhesion to
the lubricating film 44, and thus leads to the superior durability of the
aforementioned magnetic recording medium In addition) since the carbon
protective layer 43 possesses a plasma CVD carbon layer 43a of superior
strength, it is possible to make the carbon protective film 43 thinner
while also maintaining the durability, and thus reduce spacing loss In
addition, it is possible to prevent problems such as "spin-off' in CSS
operation   v~ ~ MAR 2002 49 



Accordingly, it is possible to provide effects of reliability and a
suff~cientlv high recording density, without lowering the output properties
thereof Furthermore, in the aforementioned embodiment, the carbon
protective layer 43 ~s provided with a two-layer structure comprising the
plasma CVD carbon layer 43a and spatter carbon layer 43b However, the
magnetic recordmU medium according to the present invention is not limited
thereto, and may also comprise a structure possessin; three or more layers
In the following) the effects of the present invention are specified, using
concrete examples (Test Examples 50 - 52) A magnetic recording medium was
manufactured as follows, using the plasma CVD apparatus and spatter
equipment shown in Figures 1 and 5 After an aluminium alloy substrate
coated with a NiP metal film (with a diameter of 95 mm and thickness of 0 8
mm) was treated with mechanical texture-processing to form an average
surface roughness of 201, a non-magnetic base film 41 (with a thickness of
6000 composing a Cr alloy, and a magnetic film 42 comprising a Co alloy
(Co~,Cr,;Ta,) were successively formed on both sides of the substrate S,
using a spattering device (3010 manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma
CVD apparatus, and a reactant gas was supplied from the supply source 14
into the chamber to achieve a flow rate of 130sccm A mixed gas of toluene
and hydrogen, with a mixing ratio of toluene to hydrogen of 1 to 10 by
volume, was used as the reactant gas Additionally, the inner pressure of
the chamber 10 was maintained at 6 Pa At the same time, high frequency
electrical power of 500W was supplied to the electrodes 11 to generate
plasma, and thereby form a plasma CVD carbon layer 43a with a thickness of
40~ on both sides of the disc D At this time, pulse D C bias of -120V (with
a frequency of 200 kHz and pulse width of 500 ns) was applied to the disc,
using the electrical bias source 13 Furthermore, the temperature of the
disc D at the time of coating was maintained at 150C The difference in the
phase of high frequency   0 8 ~aR 2oa2 s0 electrical power supplied to each
electrode 11 was set at 180 In addition. the distance between the disc D
and electrode 11 was set at 30 mm Subsequently, the disc D, on the surface
of which the plasma CVD carbon layer 43a was formed according to the
aforementioned operation, was transported into the chamber 50 of the
spatter equipment. and the spatter gas supplied from the supple source 53
was directed into the chamber 50 via the introduction tube 54 Spatter gas
contacning the respective components shown tn Table 7 was used herein At
the same time, electrical power was supplied to the target S 1, using the
electrical source 52, and the spatter carbon layers 43b were formed on both
sides of the disc D, by means of spattering Subsequently, a fomblin
lubricant (Fomblin Zdol 2000) was applied onto the spatter carbon layer
43b, according to a dipping method, and a lubricating film 44 with a
thickness of 20~ was formed, thereby yeldmg a magnetic recording medmm The
"bonded ratio" test, "spin-off' test, and CSS test described in the
following were performed on resultant magnetic recording media ( 1 ) Bonded
Ratio Test The aforementioned magnetic recording medium was soaked tn a
solvent (AK225 manufactured by Asah~ Glass) for 15 minutes, and then
removed The ratio of the thickness of the lubricating film 44 prior to this
operation and after this operation was then calculated in percentage The
thickness of the lubricating film 44 was measured at the position where the
radius was 20 mm, using ESCA (2) Spin-off Test The aforementioned magnetic
recording medium was rotated at a rotational speed of 10000 rpm and a
temperature of 100C for 168 hours The ratio of the thickness of the
lubricating film 44 prior to this operation and after this operation was
then calculated in percentage The thickness of the lubricating film 44 was
measured at the positions, where the radius of the magnetic recording
medium was 20 mm (inner circumference) and 42mm (outer circumference),
using FT-IR (3) CSS Test  



D 0 MAR 2002 sl Using an MR head, a CSS operation was performed on the
aforementioned magnetic recording medium 80000 times, at a rotational speed
of 7200 rpm, and a temperature of 40C at a humidity of 80% These test
results are shown m Table 7 (Test Examples 53 and 54) A carbon protective
film was formed according to only a plasma C~'D method. based on the
methods m Test Examples 50 - 52, to provide a magnetic record~ne medium
compris~n~ a carbon protective film comprising a single-layer structure
(Test Example 53) In addition, a carbon protective film was formed
according to a conventionally known, spatter-coating method, to provide a
magnetic recording medium comprising a carbon protective film compnsmg a
single-layer structure (Test Example s4) The aforementioned three types of
tests were performed on these magnetic recordm; media These test results
are shown in Table 8 In the tables, the plasma CVD carbon layer is
represented as `'pCVD layer", and the spatter carbon layer is represented
as "spatter layer"   0 8 MAR 2002 s? Table 7 Structure
'Thick-Thick-SpatterBondedSpin-off ;Sptn-off~ CSS ,ofness ofness
ofgasratio~ Inner IOuterIprotective ~pCVDI spatterI (~h)~ circuiu-
!circum-; , ifilm Ilayer (A)~ layer (A) ~I ''I fereuce ' Iference 



iIi; ~ ~!(/~)('%~)~ Test ~Two-layer I ..l0i 10 Il00rb Ar i;R;8 IC,.lNoI
Example s0I~ i I crashI Test ITwo-lav_ er ,.~01098'% Ar ~-1h .G;7-l;
NoEwnple s 1 !~'and 2/. I~Ii crash I ~ II N:i ~ iTest iTwo-la~~er i
.~01090% Ar ~1G i.t8 I>;~ No IExample 52 ',and 10/, ''.I~ crash I -I, I
CHaI ~ I;, Table 8 IStntctureI CoatingThick-SpatterBonded ISptn-offSpm-offI
CSSi,ofi methodness ofgas vratioimrer I I outer~protectn~eof
carboncarbon~('%) icircuni- 'circum-filmi film ~,film (A)iference ,ferenceI
'iIIITest iSingle-i pCVD50- i 2037-isCrashExample > ; ilayerIITestSingle-I
Spatter-100100% Ar , .i2 ~778.l Crash ' IExample ;.1 Ila~~ercoating  From
the results of the CSS test shown in Tables 7 and 8, it is clear that the
magnetic recording media in which the carbon protective film 43 comprised a
two-layer structure comprising the plasma CVD carbon layer 43a and spatter
carbon layer 43b exhibited sufficient durability against CSS operation
performed over 80000 times, 



whereas the magnetic recording media in which the carbon protective film
comprised a single-layer structure formed according to only a plasma CVD
method, or spatter-coating method, led to "head crash" Additionally, from
the results of the bonded ratio test and spin-off test, it is clear that
the magnetic recording medium wherein the carbon protective film 43
comprised a   0 8 MAR 200Z s~ two-layer structure exhibited a lower
reduction ratio of the thickness of the lubncatmg film, compared to the
magnetic recording medium wherein the carbon protectwe film was formed only
according to the plasma CVD method Accordingly) the magnetic recording
media in which the carbon protecnve film 4s comprised a two-layer structure
exhibited a superior durability when compared to the ma_netic recording
medium m which the carbon protective layer comprised a single layer
structure formed according to only a plasma C VD method, or spatter-coating
method As explained ~n the aforementioned, according to the present
invention, it is possible to form a carbon protective film with a superior
durability As a result, it is also possible to make the carbon protective
film thinner while also maintaining a sufficient durability, and thereby
reduce spacing loss Therefore, it is possible to provide a highly reliable
magnetic recording medium, which is capable of sufficiently increasing
recording density without lowering the output properties thereof In the
following, another embodiment of the method of manufacturing the magnetic
recording medium according to the present invention, usmQ an example in
which the plasma CVD apparatus shown in Figure 1 is employed Initially) a
non-magnetic base film and magnetic film are respectively formed on both
sides of the non-magnetic substrate according to a method such as a
spatter-coating 



method, and the like, to obtain a disc D The non-magnetic substrate may
comprise any substrate that is generally used as a substrate for magnetic
recording medium as described in the aforementioned The material and
thickness of the non-magnetic base film and magnetic film are as described
in the aforementioned In the method for manufacturing the magnetic
recording medium according to the present embodiment, the process of
coating the carbon protective film comprises two subsequent processes as
described in the following As the first process, the following operation is
performed   Q 8 MAR 200Z 54 The disc D, wherein the non-magnetic base film
and magnetic film are formed on the aforementioned non-magnetic substrate,
is transported into the chamber 10 of the plasma CVD apparatus, and the
surface of the disc D is exposed to the reactant gas, which is supplied
from the supply source 14 through the introduction tube 15 into the chamber
10 The gas ~s then exhausted from chamber 10 ma the exhaust tube 16 to
circulate the sas therein The reactant ;as is, as described in the
aforementioned, preferably a mixed gas of hydrocarbon and hydrogen, with a
mixing ratio of hydrocarbon to hydrogen in the range of 2 to 1 - 1 to 100
by volume The hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons In this operation,
the flow rate of the reactant gas is preferably in the range of 50 - 500
sccm Additionally, the inner pressure of the chamber 10 is preferably set
at a predetermined value such as 0 1 -- 10 Pa At the same time, high
frequency electrical power of preferably ~0 ~ 2000 W is supplied to
electrodes 11, using a high frequency electrical source 12, to generate
plasma, and the first carbon layer having a thickness of preferably 30 - 45
!~ is formed on both sides of the disc D by means of plasma chemical gas
phase growth, using the aforementioned reactant gas as a starting material
In this first process, at this point, bias such as high frequency bias or
pulse D C bias is applied to the disc D, to form the film by means of a
bias electrical source I3 When using high frequency bias as the
aforementioned bias, high frequency electrical power of 10 - 300W is
preferably applied to the disc, using a high frequency electrical source as
the bias electrical source 13 This is due to the fact that if bias applied
to the disc D during coating is less than 10 W, the first carbon layer will
contain a large amount of high polymer components, which are inferior ~n
strength, and thus reduce the durability On the other hand, if the bias
exceeds 300W, sparks are likely to occur during coating, which lead to a
greater likelihood of creating abnormal growth sections on the surface of
the first carbon layer Additionally, when using pulse D C bias as bias and
pulse D C electrical source as the bias electrical source 13, a voltage of
-400 - -10 V is preferably applied to the disc   0 8 MAR 2002 SS This is
due to the fact that if bias applied to the disc D dunng coating is less
than Q00 V, sparks are likely to occur at the time of coating, which lead
to a greater likelihood of creating abnormal growth sections on the surface
of the first carbon layer If the bias exceeds -10 V, the first carbon layer
contains a higher content of high polymer components, which are inferior m
strength 



In addition, preferably, the pulse width is in the range of 10 - SOOOOns,
and the frequency is in the range of l OkHz - 1 GHz The resultant first
carbon layer thereby contains a large amount of diamond-like carbons (DLC)
which exhibit an increased hardness The reason for preferably setting the
thickness of the first carbon layer in the range of 30 ~ 45~ is due to the
fact that a thickness of less than 30~ results in a reduction in the
strength of the carbon protective film, leading to a lower durability of
the resultant magnetic recording medium, and a thickness exceeding 45A
results in a magnetic recording medium that exhibits greater spacing loss
at the time of recording and replay, which tends to lower output properties
at the time of increasing the recording density Subsequently, the second
process described in the following is performed In the second process, bias
applying to the disc D, using the bias electrical source 13, is halted, and
a second carbon layer of preferably 5 - 20~ is formed onto the first carbon
layer in a similar manner as in the aforementioned first process, with the
exception that bias applying is not performed The reason for setting the
thickness of the second carbon layer in the range of 5 20~1 is due to the
fact that if the thickness is less than 5~, the joining strength between
the second carbon layer and lubricating film weakens, leading to a lower
resistance to sliding of the magnetic recording medium, while if the
thickness exceeds 20~, the resultant magnetic recording medium exhibits
greater spacing loss at the time of recording and replay, which tends to
lower output properties at the time of increasing the recording density In
the aforementioned first and second processes, when supplying electrical
power to the electrodes 11 and 11, the phase of the electrical power
supplied to each electrode 11 are preferably shifted with respect to each
other By means of making the phases of electrical power supplied to each
electrode 11 different, it is possible to   0 8 MAR 2002 56 improve both
the coating rate and durability of the protective film The difference of
the phase of electrical power supplied to each electrode ~s preferably in
the range of 90 -270, and m particular, the opposite phase (~ a , 180) is
preferred Through the aforementioned first and second processes, the carbon
protectwe film comprising the first and second carbon layer is formed onto
the disc D Subsequently, a lubricant such as perfluoropolyether, fomblm
lubricant, and the like, is applied onto the second carbon layer according
to a dipping method or the like, to form a lubricating film with a
thickness of preferably ~ - 40~ In this manner, a magnetic recording medium
is obtained, wherein a nonmagnetic base film, magnetic film, a carbon
protective film (first carbon layer and second carbon layer), and
lubricating film are successively formed Examples of the magnetic recording
medium manufactured according to the aforementioned manufacturing method
may include a magnetic recording medium with a structure similar to that
shown in Figure 4 The magnetic recording medium of this example comprises a
non-magnetic substrate S. non-magnetic base film 41, magnetic film 42,
carbon protective film 43 (first carbon layer 43a, and second carbon layer
43b), and lubricating film 44 In the aforementioned method for
manufacturing a magnetic recording medium, the carbon protective film 43 ~s
formed, by means of forming a second carbon layer 43b) according to the
plasma CVD method without performing bias applying to the disc D, on top of
a first carbon layer 43a, which is formed according to a plasma CVD method
while performing bias applying to the disc D In this manner) the resultant
magnetic recording medium exhibits a higher bonding strength with respect
to the lubricating film 44, lying in contact with the second carbon layer
43b of the carbon protective film 43, and hence leads to a superior
durability The reason for the superior durability of the aforementioned
magnetic recording medium is as follows That is, the second carbon layer
43b, which is formed without performing bias applying to the disc D,
contains a greater number of dangling bonds, compared to the first carbon
layer 43a which is formed while performing bias applying to the disc D, and
bonding which involves these dangling bond generates a stronger adhesion to
the lubricating film   ~ ~ MAR 57 In addition) the first carbon layer 43a.
which is formed while performing bias applying to the disc D contains a
higher content of diamond-like-carbon (DLC), leading to a superior strength
As a result, the carbon protective film 43 exhibits a higher strength, and
moreover is firmly joined to the lubricating film 44 Accordingly, it is
possible to make the carbon protective film 43 thinner while also
maintaining a sufficient durabilty. and thereby reduce spacing loss
Additionally, problems such as spin-off ~n the CSS operation do not occur 



Accordingly, ~t is possible to provide a highly reliable magnetic recording
medmm that is capable of increasing the recording density suffic~entlv
without lowering the output properties thereof Furthermore. in the
aforementioned embodiment, the carbon protectwe film comprises a two-layer
structure comprising a first carbon layer 43a and second carbon layer 43b
However, the magnetic recording medium according to the present invention
is not limited thereto, and may comprise a structure of three or more
layers In the following, the effects of the present invention are
specified, using concrete examples (Test Examples 55 -- 59) Magnetic
recordm~ medium was manufactured as described in the following, using the
plasma CVD apparatus shown in Figure 1 After an aluminium alloy substrate
coated with a NiP metal film (with a diameter of 95 mm and thickness of 0 8
mm) was treated with mechanical texture-processing to form an average
surface roughness of 20~, a non-magnetic base film 41 (with a thickness of
6000 comprising a Cr alloy, and a magnetic film 42 comprising a Co alloy
(Coy=Cr,;Ta3) were successively formed on both sides of the substrate S,
using a spattering device (30I0 manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma
CVD apparatus, and a mixed gas was supplied from the supply source 14 into
the chamber to achieve a flow rate of 130sccm   0 8 May zooz ss A mixed gas
of toluene and hydrogen, with a mixing ratio of toluene to hydrogen of 1 to
12 by volume, was used as the reactant gas Additionally, the inner pressure
of the chamber 10 was maintained at 6Pa At the same time, high frequency
electrical power of 450W was supplied to the electrodes 1 1 to generate
plasma, while applyng pulse D C bias of -120V' (wnh a frequency of 200kHz
and a pulse width of SOOns) to the disc D, usin~_ the bias electrical
source I 3, to form the first carbon layer 43a The temperature of the disc
D and coating rate at the time of coating were set at 130C, and 450t~/min,
respectwely The difference ~n the phase of high frequency electrical power
supplied to each electrode 1 1 was set at 180 In addition, the distance
between the disc D and electrode 1 1 was set at 30 mm Subsequently, a
second carbon layer 43b with a thickness shown m Table 9 was formed onto
the disc D, onto which a first carbon layer 43a had been formed on the
surface thereof as described in the aforementioned, according to the
similar method for forming the first carbon layer 43a) with the exception
that bias was not applied to the disc D Subsequently, a fomblin lubricant
(Fomblin Zdol 2000) was applied onto the second carbon layer 43b, according
to a dipping method, and a lubricating film 44 with a thickness of 20~ was
formed, thereby yielding a magnetic recording medium The bonded ratio test,
spin-off test, and CSS test described m the following were then performed
on the resultant magnetic recording media ( 1 ) Bonded Ratio Test The
aforementioned magnetic recording medium was soaked in a solvent (AK225
manufactured by Asahi Glass) for 15 minutes, and then removed The ratio of
the thickness of the lubricating film 44 prior to this operation and after
this operation was then calculated in percentage Furthermore, the thickness
of the lubricating film 44 was measured at a position where the radius was
20 mm, using ESCA (2) Spin-offTest The aforementioned magnetic recording
medium was rotated at a rotational speed of 10000 rpm and a temperature of
100C for 168 hours The ratio of the thickness of the lubricating film 44
prior to this operation and after this operation was then calculated in
percentage The thickness of the lubricating film 44 was measured at the
positions where   0 8 Ma R 2ooZ 59 the radms of the magnetic recording
medium was 20 mm (inner circumference) and 42mm (outer circumference),
respectively, using FT-IR 



(3) CSS Test Using an MR head, a CSS operation was performed on the
aforementioned magnetic recording medium 40000 times at a rotational speed
of 7200 rpm, and a temperature of 40C with a humidity of 80% The test
results are shown m Table 9 (Test Example 60) A magnetic recording medium
was manufactured in the similar manner as ~n the aforementioned test
example, with the exception that a second carbon layer 43b was not formed
The resultant magnetic recording medium underwent with the aforementioned
three types of tests The test results are shown in Table 9 (Test Example 61
) A magnetic recording medium was manufactured, in which the carbon
protective film was formed according to a conventionally known,
spatter-coating method The aforementioned three types of tests were
performed on the resultant magnetic recording medium The test results are
shown in Table 9   ~ ~ M~4R 2002 60 Table 9 Frrst carbon layer ISecond
carbon layerBondSpm-off .Spm-off' CSS (theCoaung I Tluck-
jCoatingThick-ratioInner IOuterI number ofi method i ness method ness ~
(/") crrcum- crrcunt- 



limes a ,! ' ' (A) , ' ~(A) ~ '~ ference ~ferencecrash 'i I ~, ~ ('%.)
('~~~), occurred) Test i pCVD i ~0 I pCVD 10 ~ 19 I 5G i 61 i No crash
Evarnple >; ~ (w / bras) ~ ; (w/o bras) j ; j I Test , pCVD ;2 j pCVD ; 18
; 2s j ~y , 6s ; No crash ; Example 56 i (w/ bras) ~ (w/o bras) ~ 1I , i
-rA .,rim i ,; ~ "rim i ~; ~; is ~ ~n r.hm, ____ Example ~' ~r (w/ bras) ~,
i (w/o bras) ;; I i___ , ('i7000) ITestpCVD ;12 I pCVD382G 68 !7; I Crash
~I I Example 58 ~i (w/ bias) ; ~ (w/o bras) t i (25000)Test IpCVD ,.l' i
pCVD3 I 11 i -t0-t; j CrashExample 5~~ ~(w/ bras)(w/o bras)I ;~ (20000)Test
ipCVD50- - 10 ,8 j-).tCrash Ij Example GO ;(w/ bras) i~! j ~~(
15000)TestSpatter- ~50 j - -3s 7G I82 ~ Crash Example b l ~ mg ~ ~I i iI
From the results of the CSS test shown in Table 9, it is clear that the
magnetic recording media wherein the carbon protective film 43 comprised a
first and second carbon layers 43a and 43b exhibited superior resistance to
sliding, when compared to the magnetic recording medium wherein the carbon
protective film comprised only a singlelayer structure 



In particular, the magnetic recording media wherein the thickness of the
second carbon layer was 5 ~ 20A exhibited sufficient durability against the
CSS operation Additionally, from the results of the bonded ratio test and
spin-off test, it is clear that the magnetic recording media in which the
carbon protective film 43 comprised a two-layer structure exhibited a lower
reduction ratio of the thickness of the lubricating film, when compared to
magnetic recording media wherein the carbon protective film comprised a
single-layer structure   0 a MAR 2002 61 Accordingly, the magnetic
recordine media in which the carbon protective film comprised a two-layer
structure exhibited a superior durability As explained in the
aforementioned) according to the present invention, it is possible to form
a carbon protective film with a superior durability Therefore. it is also
possible to make the carbon protective film thinner while also maintaining
a sufficient durability, and thereby reduce spacing loss As a result, it is
possible to provide a highly reliable magnetic recording medium. which is
capable of sufficiently increasing the recording density without lowering
the output properties thereof In the following, another embodiment of the
magnetic recording medium according to the present invention is described
The magnetic recording medium of this embodiment may comprise a similar
structure to that shown in Figure 4 The magnetic recording medium according
to this embodiment comprises a non-magnetic substrate S, non-magnetic base
film 41, magnetic film 42, carbon protective film 43 (first carbon layer
43a, and second carbon layer 43b), and lubncatine film 44 Examples of the
non-magnetic substrate S may include an aluminium alloy substrate coated
with a NiP metal film, and substrates comprising glass, silicone, and the
like The surface of the substrate S is preferably treated with
texture-processing such as mechanical texture-processing In particular, the
average surface roughness (Ra) is preferably in the range of 1 ~ 20~ The
material and thickness of the non-magnetic base film 41 and magnetic film
42 are as described in the aforementioned In the magnetic recording medium
of the present embodiment, the protective film 43 comprises a'two-layer
structure comprising a tantalum nitrogen layer 43a and carbon layer 43b
formed thereon The tantalum nitrogen layer 43a comprises titanium and
nitrogen, incorporating a material comprising a nitrogen content of 1 ~ 30
at % as its main component A nitrogen content of less than 1 at % results
in a loss of strength of the protective film 43, leading to a lower
durability of the resultant magnetic recording medium Additionally, a
nitrogen content exceeding 30 at % also results in a decrease in the   6? ~
8 MAR 2002 strength of the protective film 43, similarly leading to a lower
durability of the resultant maUnetic recordtn~ medium The tantalum and
nitrogen in the tantalum nitrogen layer 43a exist tn the form of Tal\,
Ta=\, Ta:N" simple substance, or mixture thereof The thickness of the
tantalum nitrogen layer 43a is preferably in the range of 1  9~:~ A
thickness of less than 1 ~ results in a protective film comprising an
Inadequate strength. while a thickness exceeding 95~ results in a magnetic
recording medium that exhibits v_reater spacing loss at the time of
recording and replay. leadin; to a likelihood of 



lowenn~J the output properties at the time of increasing the recordin,7
density' The carbon layer 43b is formed according to the plasma CVD method
The thickness of the carbon layer 43b is preferably in the range of 5 - 100
If the thickness is less than SA, the bond between the carbon layer 43b and
lubricattnv film 44 weakens, leading to a lower resistance to sliding of
the magnetic recording medium On the other hand. a thickness exceeding 100
results in a decrease in the stren_th of the protective film 43 The
lubricating film 44 preferably comprises a lubricant such as
perfluoropolvether. fomblin lubricant, and the like The thickness of the
lubricating film is preferably tn the ranUe of ~ - 40~ In the following,
another embodiment of the method for manufacturing magnetic recording
medium according to the present invention is described. using an example in
which the aforementioned magnetic recording medium is manufactured In the
manufacturing method accordm~ to the present embodiment, a spattering
device is employed with a similar structure to that shown m Figure 5. with
the exception that a material comprising principally tantalum, or a mixture
of tantalum and nitrogen is used as the tarsset ~ 1 D C electrical source
or high frequency electrical source may be used as the electrical source ~2
Preferred examples of the D C electrical source may Include one that is
capable of supplyinU an electrical power of 50 - 6000 VV to the target 5 I
0 ~ MAR 2002 63 In order to manufacture the aforementioned magnetic
recording medium, us~n~ the aforementioned spattering device, and the
plasma CVD apparatus showrn ~n F~eure 1, a non-magnetic base film 41
compris~nQ a Cr alloy or the like. and a magnetic film 4'_' comprising a Co
alloy or the like are successively formed on both sides of the alummtum
alloy substrate S coated with a NiP metal fiim, according to a method such
as a spattercoating method, to obtain a disc D Subsequently, the disc D is
transported into the chamber 50 of the aforementioned spattering apparatus,
and the surface of the disc D is exposed to the spatter gas, which is
supplied from the supply source 53 through the mtroduct~on tube 54 into the
chamber 50, from which the gas is exhausted via the exhaust tube 55 to
circulate the gas within Examples of the spatter gas may include any gas
described below When using a target principally comprising tantalum as the
target 51, a gas formed from Ar or the like. which is generally used m the
spatter-coating method, into 



which a nitrogen gas has been added at adding volume of 0 1 - 100 vol io of
said eas, may be used Furthermore, when using a target principally
comprising tantalum and nitrogen as the target 51, a gas such as Ar, or
similar gas to which an appropriate amount of nitrogen has been added, may
be used At the same time, electrical power ~s supplied to the target 51,
using the electrical source 52, and the material of the target 51 further
~s supplied onto the disc D by means of spattering, to form a tantalum
nitrogen layer 43a, which comprises a material comprising tantalum and
nitrogen as its main component, on both side of the disc D In this
operation, the flow rate of the spatter gas is preferably in the range of
10  200 sccm Subsequently, the disc D comprising a tantalum nitrogen layer
43a is transported into the chamber 10 of the plasma CVD apparatus, and the
surface of the disc D is exposed to a reactant gas, which is supplied from
the supply source 14 through the introduction tube 15 into the chamber 10
The gas is then exhausted from chamber 10 via the exhaust tube 16 to
circulate the gas therein The reactant gas ~s preferably a mixed gas of
hydrocarbon and hydrogen, with a mixing ratio of hydrocarbon to hydrogen in
the range of 2 to 1 - 1 to 100 by volume, and   ~ 8 MAR 2002 64 the
hydrocarbon preferably comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons,
and lower cyclic hydrocarbons In this operation, the flow rate of the
reactant gas is preferably In the range of 50 SOOsccm Additionally, the
inner pressure of the chamber 10 is preferably set at a predetermined value
such as 0 1 ~ IOPa At the same time. high frequency electrical power of
preferably 50 - 2000F is 



supplied to the electrodes 1 1. using the high frequency electrical source
12, to generate plasma, and thereby form a carbon layer 43b with a
thickness of preferably 5 - 100 on both sides of the disc D, by means of
plasma chemical gas phase growth, using the aforementioned reactant gas as
a starting material When supplying electrical power to the electrodes 1 1
and 1 1, it is preferable to make the phases of electrical power supplied
to each electrode 11 different By means of makinU the phases of electrical
power supplied to each electrode 11 different. tt is possible to improve
the coating rate and durability of the protective film The difference in
the phase of electrical power supplied to each electrode is preferably in
the range of 90 - 270, and in particular, more preferably opposite phase (i
a , 180) The resultant carbon layer 43b contains a higher content of
diamond-like-carbons (DLC), which exhibit an Increased hardness, leading to
a superior strength when compared to a carbon film formed according to the
conventionally known, spatter-coating method In this operation, it is
preferable to form the film while performing bias applying a g , high
frequency bias and pulse D C bias to the disc D, using the bias electrical
source 13 The conditions such as the voltage of the bias are preferably set
as described in the aforementioned Subsequently, a lubricant such as
perfluoropolyether, fomblm lubricant, and the like. is applied onto the
carbon layer 43b, according to a dipping method, and the like, to form a
lubricating film 44 In this manner, a magnetic recording medium is provided
wherein a non-magnetic base film 41 and magnetic film 42 are first formed
onto a   0 8 MAR 2002 6~ substrate S, followed by successive formation of a
protective film 43, comprising a tantalum nitrogen layer 43a and a carbon
layer 43b, and a lubricating film 44 thereon In the aforementioned magnetic
recording medium, the protective film 4 3 is provided with the carbon layer
43b, which is formed on a tantalum nitrogen layer 43a, consisting
principally of a material comprising tantalic and nitrogen, according to a
plasma CVD method, and thus exhibits a superior durability The reason that
the aforementioned magnetic recording medium exhibits a superior durability
can be attributed to the formation of a protective film 43 comprising a
carbon layer 43b, which exhibits sufficient strength and relatively high
bonding strength with the lubricating film 44, onto a tantalum nitrogen
layer 43a which exhibits a great hardness Accordingly, it is possible to
make the protective film 43 thinner while also 



maintaining a sufficient durability, and thereby reduce spacing loss
Therefore, it is possible to provide a magnetic recording medium, that is
reliable and capable of sufficiently increasing the recording density
without lowering the output properties thereof Furthermore, m the
aforementioned embodiment, the protective film 43 is provided with a
two-layer structure comprising a tantalum nitrogen layer 43a and a carbon
layer 43b However, the magnetic recording medium according to the present
invention is not limited thereto, and may also comprise a structure having
three or more layers In the following, the effects of the present invention
are specified, using concrete examples (Test Examples 62 - 64) A magnetic
recording medium was manufactured, using the aforementioned plasma CVD
apparatus, and spattering device, according to the following process A
spattering device with a target 51 comprising tantalum was used After an
aluminium alloy substrate coated with a NiP metal film (with a diameter of
9~mm and thickness of 0 8mm) was treated with mechanical texture-processing
to form an average surface roughness of 20~, a non-magnetic base film 41
(with a thickness of 6000 comprising a Cr alloy, and a magnetic film 42
comprising a Co alloy   0 8 MAR 2002 66 (Coy=Cr,;Ta3) were successively
formed on both sides of the substrate S, using a spattering device (30l0
manufactured by Anelva), to obtain a disc D Subsequently, the disc D was
transported into chamber 50 of the spattering device, and a spatter gas was
supplied from the supply source 53 to the chamber 50 via the introduction
tube 54 A mixed has of nitrogen and argon, composing a mixing ratio shown
in Table 10, was used as the spatter gas Additionally, the inner pressure
of the chamber ~0 was maintained at 0 7Pa 



At the same time, D C electrical power of 600V1' was supplied to the target
~ 1) and a tantalum nitrogen layer 43a comprising tantalum and nitrogen was
formed on both sides of the disc D by means of spattering Subsequently, the
disc D was transported into the chamber 10 of the plasma CVD apparatus, and
a reactant gas was supplied from the supply source 14 into the chamber 10 A
mixed gas of toluene and hydrogen, comprising a mixing ratio shown m Table
10, was used as the reactant gas Additionally, the inner pressure of the
chamber 10 was ma~nta~ned at 6 Pa At the same time, high frequency
electocal power of 300W was supplied to the electrodes 11, to generate
plasma, while applying high frequency electrical power of 50W (with a
frequency of 13 56MHz) to the disc D, using the bias electrical source 13,
to form a carbon layer 43b on both sides of the disc D Furthermore, the
temperature of the disc D at the time of forming the carbon layer 43b was
set at 130C The difference in the phase of high frequency electrical power
supplied to each electrode 11 was 180 Additionally. the distance between
the disc D and the electrode 11 was set at 30mm Subsequently, a fomblin
lubricant (Fomblin Zdol 2000) was applied onto the carbon layer 43b,
according to a dipping method, to form a lubricating film 44 with a
thickness of 20,i, thereby yielding a magnetic recording medium The CSS
test described in the following was performed on the resultant magnetic
recording media In the CSS test, using an MR head, a CSS operation was
performed 20000 times at a rotational speed of 7200 rpm, and a temperature
of 40C with a humidity   0 8 MAR 2002 67 of 80% The dynamic suction value
was monitored after allowing the magnetic recordine medium to sit for one
hour The results are shown in Table 10 



(Test Example 65) A magnetic recording medium. wherein the protective film
comprised a single layer structure comprising only a carbon layer, was
manufactured without forming a tantalum nitrogen layer (Test Example 66) .A
magnetic recording medium, wherein the protective film comprised a single
layer structure comprising only a tantalum nitrogen layer) was manufactured
without form~n~; a carbon layer (Test Example 67) .A ma,netic recording
medium, wherein the protective film comprised a two-layer structure
comprising a tantalum nitrogen layer and a carbon layer, was manufactured
according to a method in which a spatter gas containing nitroeen, at a
mixing ratio shown in Table 10, was used at the time of forming the
tantalum nitrogen layer The aforementioned CSS test was performed on these
magnetic recording media, and the test results are shown in Table 10 The
nitrogen content in the tantalum nitrogen layer of the magnetic recording
medium in each of the aforementioned Test Examples 62, 63, 65, and 66 were
5 at %, and the nitrogen content m the tantalum nitrogen layer of the
magnetic recording medium in Test Example 67 was 40 at i   0 8 MAR 2Q02 68
Table 10 Structure ~Tantalic nitrogen layerCarbon layerStnctionofNur g
tentTluc6- IFlow rate of reactant gas~ Ttuck- (-) 'protectn~e ~m spatter
gas !nessToluene ~H~~drogen! nessfilm(vol %) ~ (A) I (sccm> ; I 



(sccm) ! (A)Test t Two-lav_ er '~ i ~ls10 I12(ls It 6'Example h2 !~ I.~ 'i
;I Tcst Two-layer ~s ~ 10 IlU ~ 12()j -10 ~ 0-l.i I Example 6 3 . I ~j Test
; Two-layer ; s ~ -4s ; 10c)0 ; ~ 0 9l I '~I Example l>-t i I ii I ,Test ;
Smgle- ; - ~ - ~lU120I 5l) 1 27I Example 6~ layer ~ ~ iii'Test Single- ~ ~
~0 - - ~ - ~ Crash iI ' , I Example 6G layer I I ITest Two-layer i ~(t , ,U
I10 1202U Crash 'Example ~~' ' I ' ' From the results of the CSS test shown
in Table 10, it is clear that the magneuc recording media comprising a
protective film 43 comprising a tantalum nitrogen layer 43a, with a
nitrogen content of 1 - 30 at %, and carbon layer 43b formed thereon,
exhibited sufficient durability against a CSS operation performed 20000
times On the other hand, the magnetic recording media comprising only a
single-layer carbon protective film, or alternatively comprising a
protective film in which the nitrogen content of the tantalum nitrogen
layer was out of the aforementioned range, exhibited an inferior durability
As explained in the aforementioned, according to the present invention, it
is possible to form a carbon protective film with a superior durability
Therefore, it is also possible to make the carbon protective film thinner
while also maintaining a sufficient durability, and thereby reduce spacing
loss Thus, it is possible to provide a highly reliable magnetic recording
medium, which is capable of sufficiently increasing the recording density
without lowering the output properties thereof   69 p B MICR 2002 Figures 6
and 7 show the critical parts of the manufacturing equipment used in
another embodiment of the method for manufacturing magnetic recording
medium according to the present invention Figure 6 shows an ultraviolet ray
irradiation device, and figure 7 shows a washing apparatus The ultraviolet
rav irradiation device is used to irradiate the surface of the carbon
protective film with ultraviolet rays, and is provided with a chamber 74
for storin~~ a disc comprising a carbon protective film, and ultraviolet
rav source 7~ for irradiating the surface of the disc stored therein with
ultraviolet rays The ultraviolet ray source is preferably one that is
capable of irradiating ultraviolet rays with a wavelength of 100 400nm
Concrete examples of the ultraviolet ray source 75 may include an excimer
emission lamp The washing apparatus cleans the surface of the carbon
protective film of the disc. 



which has passed through the ultraviolet ray irradiation device, and is
provided with a chamber 86 to store the disc, a supply source 87 for
cleaning water to clean the disc stored in the chamber 86, and a nozzle 88
for injecting cleaning water supplied from the supply source 87 at the
aforementioned disc In the following, another embodiment of the method for
manufacturing magnetic recording medium according to the present invention
is described, using an example in which the plasma CVD apparatus shown in
Figure 1 in addition to the aforementioned ultraviolet ray irradiation
device and washing apparatus are employed Initially, a non-magnetic base
film and magnetic film are formed on both sides of non-magnetic substrate,
according to the spatter-coating method and the like, to obtain a disc D
The non=magnetic substrate may comprise any substrate that is generally
used as a substrate for magnetic recording medium, as described in the
aforementioned The material and thickness of the non-magnetic base film and
magnetic film are as described in the aforementioned Subsequently, the disc
D is transported into the chamber 10 of the aforementioned plasma CVD
apparatus, and the surface of the disc D is exposed to a reactant gas,
which is supplied from the supply source 14 through the introduction tube
15 into the chamber   0 8 MAR 200F 70 10 The $as is then exhausted from
chamber 10 via the exhaust tube 16 to circulate the gas therein The
reactant gas is preferably a mixed gas of hydrocarbon and hydrogen. wnh a
mixing rano of hydrocarbon to hydrogen in the range of 2 to 1 - 1 to l00 by
volume. and the hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons When carrvin; out
this operation, the flow rate of the reactant gas ~s preferably 50 -
SOOsccm Additionally, the inner pressure of the chamber 10 ~s preferably
set at a predetermined value. such as 0 1 - l OPa At the same time, using
the high frequency electrical power source 12, high frequency electrical
power of preferably 50 - 2000W is supplied to the electrodes 11 to generate
plasma, and a carbon protective film, with a thickness preferably ~n the
range of 30 - 100. is formed on both sides of the disc D by means of plasma
chemical gas phase growrth, using the aforementioned reactant gas as a
starting material When supplyng electrical power to the electrodes I 1 and
I I , it ~s preferable to make the phases of electrical power supplied to
each electrode 11 different By means of making the phases of electrical
power supplied to each electrode 11 different, it is possible to improve
the coating rate and durability of the protective film The difference in
the phase of electrical power supplied to each electrode is preferably in
the range of 90 270. and in particular, the opposite phase (i a , I80) is
preferred In this operation, it is preferable to form the film while
performing bias applying, such as high frequency bias or pulse D C bias, to
the disc D, using the electrical bias source 13 The conditions of bias such
as voltage and the like are preferably as described in the aforementioned
The formed carbon protective film contains a higher content of
diamond-likecarbons (DLC), which exhibit an Increased hardness In the
method for manufacturing magnetic recording medium according to the present
embodiment, subsequently, the disc D formed with the aforementioned carbon
protective film is transported into the chamber 74 of the ultraviolet ray
irradiation device)   



0 8 MAR 2002 71 and the surface of the carbon protective film of the
aforementioned disc D is irradiated with ultraviolet rays comprising a
wavelength of preferably 100 - 400nm, using the ultraviolet ray source 75
If the wavelength of the ultraviolet rays is less than 100 rim, energ~~
loss becomes great, while if the wavelength exceeds 400nm, the effects of
improving the properties of the carbon protective film 23 are insufficient)
and hence undesirable The preferred condition at the time of irradiating
with ultraviolet rays is an illuminance of 5 - SOmVf/cm-, and radiation
duration of ? - 600 seconds Subsequently, the disc D which has passed
through the ultraviolet rays irradiation device, is transported into the
washing apparatus, and cleaning water supplied from the supply source 87 is
injected at the aforementioned disc D, using a nozzle 88, to clean the
surface of the carbon protective film As the cleaning water used herein, a
ultrapure water with only a small unpurified content is preferred due to
its superior effectiveness in cleaning the surface of the carbon protective
film Subsequently, a lubricant such as perfluoropolyether, fomblin
lubricant, and the like, is applied, according to a dipping method or the
like, to the carbon protective film on the surface of the disc D, which has
passed through the washing apparatus, to form a lubricating film In this
manner, a magnetic recording medium. wherein a non-magnetic base film,
magnetic film, carbon protective film and lubricating film are successively
formed on a substrate, is obtained Examples of the magnetic recording
medium manufactured according to the aforementioned manufacturing method
may include a magnetic recording medium with a similar structure to that
shown in Figure 2 In the magnetic recording medium of this example, a
non-magnetic substrate S) a non-magnetic base film 31, a magnetic film 32,
a carbon protective film 33, and a lubricating film 34 are provided In the
aforementioned method for manufacturing a magnetic recording medium, since
the surface of the carbon protective film 33 is irradiated with ultraviolet
rays prior to forming the lubricating film 34, the quality of the film
surface is improved, and the adhesion of the carbon protective film 33 to
the lubricating film 34 is increased, leading to a superior durability   0
8 hIAR 2002 The reason for the aforementioned magnetic recording medmm
exh~btt~ng a superior durability is attributed to the following
Specifically, by the irradianon with ultraviolet rays, the shallow area of
the carbon protective film 33, near the surface. contains a lame amount of
dangling bonds, and bonding involving this dangling bonds of the carbon
protective film 33 firmly adheres to the lubricating film 34 Accordingly,
it is possible to make the carbon protective film thinner, and thereby
reduce spacing loss In addition, it is possible to prevent problems such as
spin-off during CSS operation Thus, it ~s possible to provide a highly
reliable magnetic recording medium. which is capable of increasing the
recording density without lowering the output properties thereof
Additionally, by means of using an excimer emission lamp as the ultramolet
ray source 7S, it is possible to obtain a high output using a short pulse
wcdth. and thereby efficiently improve the quality of the carbon protective
film 33 surface In addition, by means of washing the surface of the carbon
protectwe film 33 with 



water, it is possible to remove the impurities that are attached to the
surface of the carbon protective film 33, and thereby clean the film Thus,
~t is possible to prevent a reduction in the bonding strength between the
carbon protective film 33 and lubricating film 34 due to impurities lying
between the two films, which in turn prevents any reduction in the
durability of the magnetic recording medium In addition, in the
manufacturing method according to the aforementioned embodiment, after
forming the carbon protective film, the surface is irradiated with
ultraviolet rays, and then washed using water However, the method for
manufacturing magnetic recording medium according to the present invention
is not limited thereto, and the washing process may precede the process of
irradiating with ultraviolet rays, after forming the carbon protective film
In addition, the surface of the carbon protectwe film may also be washed
using water without undergoing irradiation with ultraviolet rays
Furthermore, the surface of the carbon protective film may be irradiated
with ultraviolet rays without being washed   0 8 M,~R 2D02 Additionally, m
the method for manufacturing magnetic recording medium according to the
present mvent~on, after forming the carbon protectwe fiim, a tape vanishing
process, wherein micro-ridges on the surface of the carbon protectwe film
are scraped off may also be performed In the follomng, the effects of the
present invention are specified, using concrete examples (Test Example 68)
A magnetic recording medium was manufactured, using a plasma CVD apparatus,
an ultramolet ray irrad~at~on device, and a washing apparatus shown m
Figure 1, 6, and i. respectively, according to the following process After
an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95mm and thickness of 0 8mm) was treated with mechanical
texture-processing to form an average surface roughness of 20A, a non-ma;
net~c base film 31 (with a thickness of 6000 comprising a Cr alloy, and a
magnetic film 32 comprising a Co alloy (Co,.Cr,;Ta;) were successively
formed on both sides of the substrate S, using a 



spattering device (3010 manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma
CVD apparatus, and a mixed gas was supplied from the supply source 14 into
the chamber to achieve a flow rate of 130sccm A mixed gas of toluene and
hydrogen, with a mixing ratio of toluene to hydrogen of 1 to 12 by volume,
was used as the reactant gas Additionally, the inner pressure of the
chamber 10 was maintained at 6Pa At the same time, high frequency
electrical power of 450W was supplied to the electrodes 11 to generate
plasma, while applying pulse D C bias of -120V (with a frequency of 2D0 kHz
and pulse width of 500 ns) to the disc, using the electrical bias source
13, to form a carbon protective film 33 with a thickness of SOA on both
sides of the disc D The temperature of the disc D, and coating rate were
maintained at 130C, and 450~/min, respectively The difference in the phase
of high frequency electrical power supplied to each electrode 11 was set at
180 In addition, the distance between the disc D and electrode 1 1 was set
at 30 mm   0 8 MAR Z002 74 Subsequently, the disc D wherein the carbon
protective film was formed according to the aforementioned operation was
transported into the washing apparatus. wherein the surface was washed
using ultrapure water The disc D was then transported into the chamber 74,
where the disc D was irradiated with ultraviolet ravs, using the
ultraviolet rav source 75 Herein, an excimer lamp (manufactured by Ushio
Denki), which is able to irradiate ultrav inlet rays of a wavelength of
172mm (with a half band width of l4nm), was used as the ultraviolet ray
source 75, and ultraviolet ray irradiation was performed for 30 seconds at
an illuminance of l OmW/cm= under a nitrogen gas atmosphere Subsequently,
the disc D was washed in the washing apparatus again, and then a fomblin
lubricant (Fomblin Zdol 2000) was applied 33 after washing to the carbon
protective film, according to a dipping method A lubricating film 34 with a
thickness of 20.i was then formed, to obtain a magnetic recording medium
(Test Example 69) A magnetic recording medium was manufactured in the same
manner as in Test Example 68, with the exception that an excimer lamp
(manufactured by Ushio Denki) capable of irradiating ultraviolet rays with
a wavelength of 222nm (with a half band width of 2nm) was used as the
ultraviolet ray source 75, and the disc D was irradiated with ultraviolet
rays for 30 seconds at an illuminance of 7mW/cm- under a nitrogen gas
atmosphere 



(Test Example 70) A magnetic recording medium was manufactured in the same
manner as in Test Example 68, with the exception that the disc D was
irradiated with ultraviolet rays under ambient air (Test Example'71 ) A
magnetic recording medium was manufactured in the same manner as in Test
Example 68, with the exception that the disc D was not washed in the
washing apparatus In this test, ultraviolet ray source 75 used in Test
Example 68 was used (Test Example 72) A magnetic recording medium was
manufactured in the same manner as in Test Example 68 except that
irradiation with ultraviolet rays was not performed   0 8 MAR 2002 7s The
bonded ratio test, spin-of test and CSS test described tn the following
were performed on each magnetic recording medium, obtained tn each of the
aforementioned Test Examples ( 1 ) Bonded Ratio Test Each of the
aforementioned magnetic recording medium was soaked tn a solvent ( AK225
manufactured by Asah~ Glass) for 15 minutes, and then removed The ratio of
the thickness of the lubricating film 34 pnor to this operation and after
this operation was then calculated in percentage The thickness of the
lubricating film ,4 was measured at the position where the radius measured
20mm) using ESCA (3 ) Spin-off Test The aforementioned magnetic recording
medium was rotated at a rotational speed of 10000 rpm and a temperature of
100C for 168 hours The ratio of the thickness of the lubricating film 34
prior to this operation and after this operation was then calculated tn
percentage The thickness of the lubricating film 34 was measured at the
positions, where the radius of the magnetic recording medium measured 20mm
(inner circumference) and 42mm (outer circumference), respectively, using
FT-IR (3) CSS Test Using an MR head, a CSS operation was performed on the
aforementioned magnetic recording medium 5000 times, at a rotational speed
of 7200rpm, and a love temperature of 5C with a low humidity of 15i In this
CSS test, two types of tests were performed in one test, the aforementioned
magnetic recording medium was baked at a temperature of 180C for 3 hours
prior to the aforementioned CSS operation, and in the other, no such baking
process was performed The test results are shown in Table 1 1 (Test Example
73) A magnetic recording medium was manufactured in the same manner as in
Test Example 68 with the exception that neither irradiation using
ultraviolet rays nor washing was performed (Test Example 74)   



0 8 MAR 2002 76 .A magnetic recording medium was manufactured m the same
manner as tn Test Example 68 with the exception that the carbon protective
film with a thickness of 100A was formed according to a conventionally
known, spattering method (Test Example 7S) A ma~nenc recordme medium was
manufactured m the same manner as m Test Example 74 with the exception that
washing was not performed (Test Example 76 j A ma;netic recording medium
was manufactured in the same manner as ~n Test Example 74 with the
exception that irradiation with ultraviolet rays was not performed (Test
Example 77) A magnetic recording medium was manufactured in the same manner
as m Test Example 74 with the exception that neither irradiation using
ultraviolet rays nor washing was performed The aforementioned three types
of tests were performed on each of the aforementioned magnetic recording
media The test results are shown m Table 11 In the table. the plasma CVD
method is referred to as "pCVD method", and ultraviolet ray irradiation is
referred to as "LTV irradiation''   0 8 MAR 2002 ~7 Table 11 ICarbon IUV
~Wash-Bonded~ Spm-off ~ Spin-offCSSjprotecu~~e iitradia- imgratioI Inner iI
Outer ,woV~tthfilm ~uon ~process ,(`%.)~ circum- ~circum-baking
'bakine!coating ,source ~iference ~ference ~processprocessmethod~i ('S..)
!(`Test IpCVD ~Evctmer Iwith ;337.1 I80No crashNo crashi Eaatnple G8method
,lamp .'.;Test ',pCVD IEvctmer :witli ii l82 .89 INo crash jNo crash 'I
Example 69 ii method ~I lamp ~i.TestpCVD IExcimer Iwth i3977 i8 3 INo
crashNoI Example 70 !.method ~lamp i~, !j~;I Test !pCV'D ;Excimer iwithout
I31, 72 ~7o i, iNo crash ~.No crash Example 71 ' method ~ lamp i , I~
I,Test I 



IpCVD ~ I- j Iwith ! Il;~ -12 ~.l`)No crash ~ ~No crash - E~antple 72 ;
method TestpCVD I- ~without I 1 l 38 j -t~ ~ No crash Cras(t i Example 73 ~
method ~i i i ~ I ~i . I ; ij Test 'Spattering ;Evctmer ~ with ! ~ci i 8.1
i 92 Crash I Crash i 'Example 7~ .I method ;lamp ; I ! II Test !Spattering
:Excimer I tvithout ' >3 ~ 8'_' ' 89 Crash i Crash ~ I Evatnple 7; ;,
method iI I , i ~ lamp ~ i ,  Test ~Spattering ~ - with ~ 30 I7i 82 ~Crash
j Crash iExample 7G ;method ! 'Test jSpattering ~ - without28 i76 ~ 82
~CrashCrashExample 77 ~method ~ ~I From the results of CS S shown in Table
11, it is clear that the magnetic recording media, manufactured according
to a method in which the carbon protective film was formed according to the
plasma CVD method, and ultraviolet ray irradiation andlor washing with
ultrapure water was performed prior to lubricating the film, exhibited
sufficient durability against CSS operations performed 5000 times
Additionally, from the results of the bonded ratio test and spin-off test,
the ma`netic recording media, manufactured according a the method in which
UV irradiation was performed, exhibited a lower reduction rate in thickness
of the lubricating film,   



0 8 MAR 20D2 ~8 compared to those manufactured according to a method in
which LTA' irradiation was not performed As explained m the aforementioned,
according to the present invention, it is possible to form a carbon
protective film of a superior durability .4s a result, a is also possible
to make the carbon protective film thinner while also maintaining a
sufficient durability, and thereby reduce spacing loss Consequently, it is
possible to provide a highly reliable magnetic recording medium. which is
capable of suf~icientiy increasing the recording density without lowering
the output properties thereof In the following, another embodiment of the
magnetic recording medium according to the present invention is described
The magnetic recording medium according to the present embodiment comprises
a structure similar to that shown in Figure 2 In the magnetic recording
medium according to the present embodiment, a non-magnetic substrate S, a
non-magnetic base film 31, a magnetic film 32, a carbon protective film 33,
and a lubricating film 34 are provided Examples of the non-magnetic
substrate S may include an aluminium alloy substrate coated with a NiP
metal film, in addition to substrates comprising glass, silicone, and the
like The surface of the substrate S is preferably treated with
texture-processing such as mechanical texture-processing In particular, the
average surface roughness (Ra) is preferably in the range of 1 - 201 The
material and thickness of the non-magnetic base film 31 and magnetic film
32 are as described in the aforementioned The thickness of the non-magnetic
base film 31 and magnetic film 32 are preferably in the range of 50 --
1000k and 50 -- 800k respectively The carbon protective film 33 is formed
according to the plasma CVD method The thickness of the carbon protective
film is preferably in the range of 30  100  



0 8 MAR 2002 79 In the magnetic recording medium according to the present
embodiment. the lubricating film 34 principally comprises at least one
compound selected from among the compounds represented by the following
formula ( 1 ) through (5), number average molecular weight of which fall in
the range of 500 - 6000 The thickness of the lubncatina film 34 is
preferably in the range of 5 -- 40~ In this specification, the term
"principally comprise" signifies that the particular component is contained
m an amount greater than 70 wt ~o
HO-CH2CH-CH?OCH~CF20-(0F40)m-(CF~O)n-CFA-CH?OCH?-CHCH?-OH I .....(1) OH OH
F-(CF?CF2CF?0)p-CF?CF?-COOCH?CH2-O-C6H;     (2)
F-(CF~CF?CF?O)q-CF?CF2CH2-OH HOCH~-CF?O-(C2F40)r(CF?O)S-CFZ-CH20H ..
.....(4) HO-(CH?CHO-Ok-CH?CF20-(CF~CF?O)u-(CF20)~.-CF2CH2-(OCH?CHO)~~-OH
(5) [wherein, m, n, p, q, r, s, t, u, v, and w represent an integer,
respectively] If the molecular weight of the compounds represented by the
aforementioned formula ( 1 ) through (5) is less than 500, "spin-off'
worsens On the other hand, if the molecular weight of the compounds exceeds
6000, the lubricating ability of the surface of the resultant magnetic
recording medium deteriorates, undesirably leading to an inferior CSS
property Among the aforementioned, compounds represented by the formula ( 1
) or (5), with a number average molecular weight of 500 -- 6000, are
especially preferred as the principal component of the lubricating film 34,
since these compound improve the spinoff properties and CSS characteristics
Additionally, the lubricating film 34 may principally comprise a mixture,
wherein ' a compound represented by the following formula (6) is mixed into
at least one compound selected from among the aforementioned formula ( 1 )
through (5), having a number average molecular weight is 500 - 6000, at a
mixing ratio of 0 1 - 20 wt P~N~.P . . . . . (6) (F-CSI-I~-O~-+~
+-(O-C6H~-CH~)~-x N~p~N   0 8 MAR 2002 so [wherein, x represents an integer
between 0 - 6] 



The formula (6) represents a compound, wherein six units of the structure
represented by (F-C,.H; O) andior (O-ChH,-CF3) are bonded to at least one
selected from among a nitrogen and%or phosphorus which have six-member-ring
structure When using the compound represented by the formula (6), if the
proportional content of this compound ~s less than 0 1 wt ro, the
lubricating ability of the surface of the resultant magnetic recording
medium deteriorates, leading to an inferior CSS property Vfhen the
proportional content of the aforementioned exceeds 20 wt ~o, smears derwed
from this compound tend to stick to the head) which ~s undesirable In the
following, the method for manufacturing the aforemennoned magnetic
recording medium is described In order to manufacture the aforementioned
magnetic recording medium. initially, a non-magnetic base film 31 and
magnetic film 32 were formed on both sides of a nonmagnet~c substrate,
according to a method such as a spatter-coating method, or the like, to
obtain a disc D Subsequently, the disc D is transported into the chamber 10
of the aforementioned plasma CVD apparatus, and the surface of the disc D
is exposed to a reactant gas, which is supplied from the supply source 14
through the introduction tube 1 S into the chamber 10, from which the gas
is exhausted via the exhaust tube 16 to circulate the gas within The
reactant gas is a mixed gas of hydrocarbon and hydrogen, with a mixing
ratio of hydrocarbon to hydrogen m the range of 2 to 1 ~ 1 to 100 by volume
The hydrocarbon preferably comprises at least one type of hydrocarbon
selected from among lower saturated hydrocarbons) lower unsaturated
hydrocarbons, and lower cyclic hydrocarbons In this operation, the flow
rate of the reactant gas is preferably in the range of 50 - 500 sccm
Additionally, the inner pressure of the chamber 10 is preferably maintained
at a predetermined value, such as 0 1 - IOPa At the same time, using the
high frequency electrical power source 12, high frequency electrical power
of preferably 50 - 2000W is supplied to the electrodes 11 to generate
plasma, and a carbon protectwe film 33 with a thickness of preferably in
the   sl ~ 8 MAR 2002 range of 30 ~ 100., is formed on both sides of the
disc D by means of plasma chemical gas phase growth, using the
aforementioned reactant gas as a starting material When supplying
electrical power to the electrodes 11 and 11) it ~s preferable to make the
phases of electrical power supplied to each electrode 11 different By means
of making the phases of electrical power supplied to each electrode 11
different, it is possible to improve the coating rate and durability of the
protective film The difference m the phase of electrical power supplied to
each electrode is preferably in the range of 90 -- 270, and m particular,
the opposite phase (i a , 180) preferred In this operation, it is
preferable to form the film while performing bias applying) such as high
frequency bias or pulse D C bias, to the disc D, using the electrical bras
source 13 The conditions of bias such as voltage and the like are
preferably as described in the aforementioned The resultant carbon
protective film 33 contains a higher content of diamond-like carbons (DLC),
which exhibit an increased hardness Subsequently, the lubricant comprising
the compounds represented by the aforementioned chemical formula is applied
to the carbon protective film 33, according to a d~ppmg method or the like,
to form a lubricating film 34 with a thickness of preferably 5 -~- 40~ In
this manner, a magnetic recording medium is obtained, in which the
non-magnetic base film 31, magnetic film 32, carbon protective film 33, and
lubricating film 34 were successively formed on a substrate S According to
the aforementioned magnetic recording medium, wherein the 



lubricating film 34 principally comprises at least one compound selected
from among the compounds represented by formula ( 1 ) through (5), or
alternatively principally comprises a mixture of the aforementioned
compound and a compound represented by formula (6), ~n which the
proportional content of the compound represented by the formula (6) is 0 1
20 wt %, the aforementioned lubricating film 34 exhibits a greater adhesion
to the carbon protective film 33, and hence provides for a superior
durability The reason for the aforementioned magnetic recording medium
exhibiting a superior durability ~s attributed to the fact that the
lubricating film comprising the   82 ~ ~ MIIR 2002 aforementioned
components is firmly adhered to the carbon protective film 33 formed
according to the plasma CVD method As a result, it is possible to make the
carbon protectwe film 33 thinner while also ma~ntain~ng a sufficient
durability, and thereby reduce spacing loss Additionally, there are no
problems such as spin-off in CSS operation Consequently, it is possible to
provide a highly reliable ma;netic recordm<, medium, which is capable of
suffciently increasing the recording density without lowering the output
propemes thereof In the following, the effects of the present invention are
specified using concrete examples (Test Examples 78 ~ 84) The magnetic
recording medium similar to that shown m Figure 2 was manufactured as
follows After an aluminium alloy substrate coated with a NiP metal film
(with a diameter of 95 mm and thickness of 0 8 mm) was treated with
mechanical texture-processing to form an average surface roughness of
20t1., a non-magnetic base film 31 (with a thickness of 600A) comprising a
Cr alloy, and a magnetic film 32 comprising a Co alloy (Coy=Cr,;Ta3) were
successively formed on both sides of the substrate S, using a spattering
device (3010 manufactured by Anelva), to obtain a disc D Subsequently, the
disc D was transported into the chamber 10 of the plasma CVD apparatus, and
a mixed gas was supplied from the supply source 14 into the chamber 10 to
achieve a flow rate of 130sccm A mixed gas of toluene and hydrogen, with a
mixing ratio of toluene to hydrogen 



of 1 to 12 by volume, was used as the reactant gas Additionally, the inner
pressure of the chamber 10-was maintained at 6Pa At the same time, high
frequency electrical power of 450W was supplied to the electrodes 11 to
generate plasma, while applying pulse D C bias of -120V (with a frequency
of 200 kHz and pulse width of 500 ns) to the disc, using the electrical
bias source 13, to form a carbon protective film 33 with a thickness of 50~
on both sides of the disc D The temperature of the disc D, and coating rate
were maintained at 130C, and 450 ~/m~n, respectively The difference in the
phase of high frequency electrical   o ~ r~,~~ Zoo2 83 power supplied to
each electrode 1 1 was set at 180 In addition. the distance between the
disc D and electrode I I was set at 30 mm Subsequently, a lubricating film
34 with a thickness of 20.i, comprising the materials shown ~n Table 12,
was formed on the carbon protective film 33, according to a dipping method,
to obtain a magnetic recording medium In the table, the numbers tn
parenthesis correspond to the number of the aforementioned formula That ~s,
for example, Fomblin ZTETRAOL 2000 ( 1 ) used in Test Example 78 comprises
the compound represented by the aforementioned formula ( 1 ) Additionally,
in the magnetic recording medium in Test Example 83, the lubricating film
34 comprises a mixture of Fomblin ZTETRAOL 2000 ( 1 ) and Fomblin Zdol 2000
(4) (with a mixing ratio of 1 to 1 by volume) Additionally, in the magnetic
recording medium in Test Example 84, the lubricating film 34 comprises the
material m which X 1 P (6) was added to Demnum SP (2)at3wt% The bonded
ratio test, and CSS test described in the following were performed on the
resultant magnetic recording media ( 1 ) Bonded Ratio Test The
aforementioned magnetic recording medium was soaked in a solvent (AK225 



manufactured by Asahi Glass) for 15 minutes, and then removed The ratio of
the thickness of the lubricating film 34 prior to this operation and after
this operation was then calculated in percentage The thickness of the
lubricating film 34 was measured at the position where the radius measured
20mm, using ESCA In addition, after the aforementioned bonded ratio test,
the magnetic recording medium was left under the environment of a
temperature of 120C for 3 hours, after which the bonded ratio test was
performed in the same manner The test results are shown ~n Table 12 In
Table 12, the test results after thermal treatment at 120C are shown in the
column of `with baking', and the test results before thermal treatment are
shown in the column of 'without baking' (2) CSS Test   84 0 ~ I~AR 2002
After the aforementioned magnetic recording medium was baked at a
temperature of I20C for 3 hours, a CSS operation was performed, using an MR
head, on the aforementioned magnetic recording medium 10000 times at a
rotational speed of 7200rpm, and a low temperature of 5C with a low
humidity of 1 Sro The coefficient of dynamic friction on the surface of the
magnetic recording medium was subsequently measured Furthermore, after the
aforementioned magnetic recording medium was allowed to sit for 6 hours,
the coefficient of static friction was measured (Test Examples 8~ - 88) A
magnetic recording medium was manufactured, wherein the carbon protective
film was formed according to the spattering method, and the lubricating
film comprised the materials shown in Table 12 The aforementioned two types
of tests were performed on these magnetic recording media The test results
are shown in Table 12 In the table, plasma CVD method is expressed as
"pCVD" method   0 8 MAR 2D02 85 Table 12 CarbonMaterial for ~ Bonded ratio
j Coefficient ' Coefficient 'i protectn~e filmI lubricating film wuthout
with ~ of dynamic of statici coating methodI baking baking friction (-)
fncnon. I ('%) I (`5S.) I ~ (gram) ITest ~ PCVD method 



U 8, , Fombim . 38 I 7 ~ ' IEvatnple 78 'I ZTETRAOL ~ i ~ iIi 200U ( 1 ) ~
~ , ,Test i PCVD methodDemnum SP (2)i 10i " i 1 ~ 13 8 ':Eeample 79 '~~I
ITest I PCVD method ~Demnum SA (3)~ 11-t2 i I l 2' iExample 80 ij~I Test i
PCVD method IFombltn Zdol : 1SI i8I U 90 i 2 2Example 81 ~ I2000 (.?);jTcst
i pCVD method tFomblin TX (~) j 33 ~ 69 U 88~ 1 8E~atnple 82 ~ITest ' pCVD
methodFombhn ~ 32 6 7 j 0 79 1 8Example 8 3 ZTETRAOL ~2000 ( 1 )i iFomblin
Zdol ; j'. i200U (.~) i i I t. ITesti pCVD method 'Demnum SP (2) ,10 i .;20
;92Example R.f~ ~+ X1P (G) ~jTest ISpattering IFombltn5~ j 9, iCrash
CrashExample 85method ~ZTETRAOL; '2000 ( 1 )iTestSpatteringDemnum SP (2)2a
I.i5 ~1 736 3Example 8GmethodTest i_ SpatteringFombhn Zdol I32 ~ 91
ICrashCrashExample 87 Imethod2000 (.l)TestSpatteringDemnum SP (2)2:,-420
87~ 1Example 88method+ X1P (6) From the results of the CSS test shown in
Table 12, it is clear that the magnetic recording media, in which the
carbon protective film was formed according to the plasma CVD method, and
the lubricating film principally comprised at least one compound   0 ~ MAR
2002 86 selected from among the formula ( 1 ) through (5)) or the
aforementioned compound, into which a compound represented by the formula
(6) is mixed in at 0 1 - 20 wt %, ma~nta~ned a small coefficient of dynamic
friction, and exhibited a desirable resistance to sliding Accordingly, the
aforementioned magnetic recording medium exhibited a superior durability
Add~t~onally, the magnetic recording medium) wherein the carbon protective
film was formed according to the spattering method, induced a head crash or
exhibited an increased coefficient of static friction, from baking process
at a high temperature Whereas the magnetic recording medium, wherein the
carbon protective film was formed according to the plasma CVD method, and
the lubricating film principally comprised the aforementioned compound(s),
maintained a small coefficient of dynamic friction even after treatment at
a high temperature As explained in the aforementioned, according to the
present invention, it is possible to form a carbon protective film with a
superior durability As a result, it is also possible to make the carbon
protective film thinner while also maintaining a su~cient durability, and
thereby reduce spacing loss Therefore, it is possible to provide a highly
reliable magnetic recording medium) which is capable of sufficiently
increasing the recording density without lowering the output properties
thereof Figure 8 shows another embodiment of the magnetic recording medium
according to the present invention In the magnetic recording medium shown
herein, a nonmagnetic base film 61, magnetic film 62, and carbon protective
film 63 are successively formed on a non-magnetic substrate S Examples of
the non-magnetic substrate S may include an aluminium alloy substrate
coated with a NiP metal film, and substrates comprising glass) silicone,
and the like In addition, the surface of the substrate S is preferably
treated with textureprocessing such as mechanical texture-processing In
particular, the average surface roughness (Ra) is preferably in the range
of 1 ~- 20~   ~ d MAR 20Q2 



s~ The material of the non-magnetic base film 61 and magnetic film 62 are
as described in the aforementioned The thickness of the non-magnetic base
film 61 and magnetic film 62 are preferably in the range of 50 - 1000a, and
50 - 800k respectively The carbon protective film 63 is formed according to
the plasma CVD method, and Co extraction amount to the substrate area is
3ng/cm- or less, preferably 2ng/cm- or less, or mare preferably 1 ~ng/cm-
or less Herein, the Co extraction amount represents the amount of Co
extracted from water. at the time when the magnetic recording medium,
wherein a protective film is formed on the magnetic film containing Co at
50 at % or greater, is left for 96 hours at a temperature of 60C and a
humidity of 80%, and then soaked in the water at 20C for 30 minutes If this
Co extraction amount exceeds 3ng/cm-, the durabiluy of the magnetic
recording medium tends to weaken, which is undesirable The thickness of the
carbon protective film 63 is preferably in the range of 30 -loo~ If the
thickness is less than 30~, the strength of the carbon protective film 63
is inadequate, and ~f the thickness exceeds 1000 the resultant magnetic
recording medium exhibits sreater spacing loss at the time of recording and
replay, leading to a likelihood of lowennVl the output properties at the
time of increasing the recording density Additionally, a lubricating film
with a thickness of 5 - 40~, comprising perfluoropolyether, fomblin
lubricant, or the like, may be provided on the carbon protective film 63 In
the following, the method for manufacturing the aforementioned magnetic
recording medium is described When manufacturing the aforementioned
magnetic recording medium, the plasma CVD apparatus shown in Figure 1 may
be used In order to manufacture the aforementioned magnetic recording
medium, using this equipment, initially, a non-magnetic base film 61
comprising a Cr alloy or the like, and a magnetic film 62 comprising a Co
alloy and the like are successively formed on both sides of a non-magnetic
substrate S, comprising aluminium alloy coated with a NiP   0 8 MAR 2002 gs
metal film, according to a method such as the spatter-coating method, and
the like, to obtain a disc D Subsequently, the disc D is transported into
the chamber 10 of the aforementioned plasma CVD apparatus, and the surface
of the disc D ~s exposed to a reactant gas, which is supplied from the
supply source 14 through the introduction tube 15 into the chamber I0, from
which the gas is exhausted via the exhaust tube 16 to circulate the gas
within The reactant gas is a mixed gas of hydrocarbon and hydrogen, with a
mixing ratio of hydrocarbon to hydrogen m the range of 2 to 1 - 1 to 100 by
volume The hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons In this operation,
the flow rate of the reactant gas is preferably in the range of 50 -
SOOsccm Additionally, the inner pressure of the chamber 10 is preferably
maintained at a predetermined value, such as 0 1 -- IOPa At the same time,
using the high frequency electrical power source 12, high frequency
electrical power of preferably 50 - ?000W is supplied to the electrodes 11
to generate plasma, and a carbon protective film 63 with a thickness of
preferably in the range of 30 - 100k is formed on both sides of the disc D
by means of plasma chemical gas phase growth, using the aforementioned
reactant gas as a starting material When supplying electrical power to the
electrodes 1 1 and 11, it ~s preferable to make the phases of electrical
power supplied to each electrode 11 different By means of making the phases
of electrical power supplied to each electrode 11 different, it is possible
to improve the coating rate and durability of the protective film The
difference in the phase of electrical power supplied to each electrode is
preferably in the range of 90 -- 270, and in particular, more preferably
opposite phase (i a , 180) In this operation, it is preferable to form the
film while performing bias applying) such as high frequency bias or pulse D
C bias, to the disc D, using the electrical bias source 13 The conditions
of bias such as voltage and the like are preferably as described in the
aforementioned   



0 8 MAR 2002 89 The formed carbon protective film 63 contains a higher
content of diamond-like carbon (DLC), which exhibit an increased hardness,
higher density and greater strength, wherein the Co extraction amount with
respect to the substrate area is 3ng/cm~ or less Subsequently, a
lubricating film is preferably formed on the carbon protective film 63
according to a dipping method, or the like, by means of apply~ne a
lubricant such as perfluoropolyether, fomblin lubricant, and the like The
aforementioned magnetic recording medium, wherein a carbon protective film
63 is formed according to the plasma CVD method, and the Co extraction
amount to substrate area is 3ng/cm2 or less, exhibits an increased hardness
and higher density, in addition to displaying superior strength and
resistance to corrosion Accordingly, it is possible to make the carbon
protective film 63 thinner while also mamtaming a sufficient durability,
and thereby reduce spacing loss Therefore, it is possible to provide a
highly reliable magnetic recording medium, which is capable of sufficiently
increasing the recording density without lowering the output properties
thereof In the following, the effects of the present invention are
specified, using concrete examples (Test Examples 89 -- 92) The magnetic
recording medium shown in Figure 8 is manufactured as follows After an
aluminium alloy substrate coated with a NiP metal film (with a diameter of
95 mm and thickness of 0 8 mm) was treated with mechanical
texture-processing to form an average surface roughness of 20A., a
non-magnetic base film 61 (with a thickness of 6000 comprising a Cr alloy,
and a magnetic film 62 comprising a Co alloy (Cot=Cr,STa;) were
successively formed on both sides of the substrate S, using a spattering
device (3010 manufactured by Anelva)) to obtain a disc D Subsequently, the
disc D was transported into the chamber 10 of the plasma CVD apparatus, and
a reactant gas was supplied from a supply source 14 into the chamber A
mixed gas comprising toluene and hydrogen was used as the reactant gas The
flow rate of each was as shown in Table 13 Additionally, the inner pressure
of the chamber 10 was maintained at 6 Pa   



0 8 MAR 2002 90 At the same time, high frequency electrical was supplied to
the electrodes 11, power under the conditions shown in Table 13, to
generate plasma. and a carbon protective film 63 with a thickness of 50~
was formed on both sides of the disc D, to yield a magnetic recording
medium At this time, pulse D C bias (DC) or high frequency bias (RF) was
applied to the disc D, under the conditions shown in Table 13, using a bias
electrical source 13 Additionally) the temperature of the disc D at the
time of coating the film was set at 130C In addition, the difference of the
phase of high frequency electrical power supplied to each electrode 11 was
set at 180 Additionally, the distance between the disc D and electrodes 11
were set at 30 mm In the table) plasma RF electrical power represents the
high frequency electrical power supplied to the electrodes 1 1 The Co
extraction amount of the magnetic recording medium onto which the
aforementioned carbon protective film 63 is formed, was measured according
to the corrosion test described in the following The test comprised the
steps of allowing the aforementioned magnetic recording medium to sit for
96 hours at a high temperature (60C) and high humidity (80%), subsequently
soaking the medium in SOcc of ultrapure water for 30 minutes, and then
measuring the amount of Co extracted in the pure water Additionally,
another test was also performed ~n the same manner with the exception that
the aforementioned magnetic recording medium was Instead allowed to sit at
a normal temperature (25C) and normal humidity (50%) for 96 hours The test
results are shown in Table 14 The results of Raman spectral analysis (argon
ion laser excitation), performed on the aforementioned magnetic recording
medium, using a Raman spectral analysis apparatus (manufactured by JEOL),
are also shown in Table 14 Additionally, the hardness of the carbon
protective film 63 of the aforementioned magnetic recording medium was
measured using a pico-indentor (manufactured by Hysitron) These results are
also shown in Table 14 (Test Example 93) A magnetic recording medium, in
which a carbon protective film comprising carbon was formed according to
the conventionally known, spatter-coating method, using a target comprising
carbon, was manufactured   91 0 8 M,4~ 20~~ At this time, arson (Ar) was
used as the spatter gas, and its flow rate was set at 90 sccm (Test Example
94) A carbon protective film was formed according to the conventionall~~
known. spatter-coating method, using a target comprising carbon At this
time, a mixed gas of Ar and nitrogen was used as the spatter gas, and their
flow rates were set at 100 sccm, and ~0 sccm, respectively Accordingly, the
protective film comprised nitrogen and carbon The above-described corrosion
test and Raman spectral analysis were performed on each magnetic recording
medium In addition, the hardness of each magnetic recording medium was
measured The results are shown in Table 14   ~ 8 MAR 2002 92 Table 13 I
Protectn~e I Reactant gasPlasrna RFBtas condtnonsfilm ~ Toluene
~Hydro-electncalType ~Frequency ~ Pulse . Voltage;i 
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Tables 13 and 14, the magnetic recording media, in which a carbon
protective film was formed according to the plasma CVD method, and wherein
the Co extraction amount to substrate area (at 60C and 80i humidity) was
3ng/cm2 or less, showed a G-band peak at a higher frequency, exhibited a
smaller Id/Ig, and displayed an increased hardness due to the effects of
DLC, compared to the other magnetic recording media As explained in the
aforementioned, according to the present invention, it is possible to form
a carbon protective film with a superior durability As a result, it is
possible to make the carbon protective film thinner while also maintaining
a suffcient durability, and thereby reduce spacing loss Therefore, it is
possible to provide a highly reliable magnetic recording medium, which is
capable of sufficiently increasing the recording density without lowering
the output properties thereof Figure 9 shows the texture-processing
equipment used in another embodiment of the method for manufacturing
magnetic recording medium according to the present invention The
texture-processing equipment shown herein is provided with a substrate
support member 24, which supports the non-magnetic substrate S for
texture-processing in a manner such that it can rotate, abrasive tape
supply members 25 and 25, which supply abrasive tape A to mechanically
scrape the non-magnetic substrate S, contact rollers 26 and 26, which press
the abrasive tape A against one area of the surface of the substrate S, and
abrasive particle supply nozzles 27 and 27 which supply abrasive particles
to the area of contact between the abrasive tape A and substrate S The
abrasive tape supply member 25 is provided with a delivery roll 25a, which
sends the abrasive tape A out, and a receiving roll 25b, which receives the
abrasive tape A The aforementioned supply member 25 comprises a structure
in which the abrasive tape A, wound around delivery roll 25a, may be
received by receiving roll 25b, at any speed in the direction perpendicular
to the radial direction of the substrate S, where the   0 8 MAR 2002 94
abrasive tape A is in contact with the substrate S An abrasive tape supply
member 25 is provided on each side of the substrate S Additionally, the
abrasive tape supply member 25 ~s preferably designed such that the
abrasive tape A is able to oscillate in a direction approximately
perpendicular to the running direction of the tape In addition, it is
possible to design the aforementioned substrate support member 24 such that
it is able to oscillate in a direction approximately perpendicular to the
running direction of the tape, ~n order so that the substrate S is able to
oscillate against the 



abraswe tape A The contact rollers 26 may comprise a synthetic resin,
rubber, metal, and the like, and are provided on each side of the substrate
S, such that the roller 26 lies in contact with the substrate S, via the
abrasive tape A, in a direction approximately perpendicular to the running
direction of the tape The outer diameter of the contact roller 26 is
preferably in the range of 20 - 100mm, and the length in the axial
direction is preferably set at a length which reaches the most-outer
circumference from the most-inner circumference on the surface of the
substrate S to undergo abrasion at the time of texture-processing The
contact roller 26 is preferably attached in the direction of the substrate
S such that the aforementioned abrasive tape is pushed against the
substrate S with a predetermined pressure such as 0 3 - 4kg/cm' Examples of
the abrasive tape A may include conventionally used, polishing tape,
texture tape, and wiping tape, in particular, tapes with a thickness of 0 1
~ 1 Omm and width of 20 -- 60mm are preferred The abrasive supply nozzle 27
is provided at the upper portion of the contact roller 26 such that
abrasive particle slurry in the abrasive particle slurry tank (not shown)
can be introduced to the area of contact between the abrasive tape A and
substrate S In the following, another embodiment of the aforementioned
method for manufacturing magnetic recording medium according to the present
invention is described, using an example in which the aforementioned
texture-processing equipment and plasma CVD apparatus shown in Figure 1 are
employed   o s MAR Zoo2 9~ Initially, the non-magnetic substrate S ~s
supported by a substrate support member 24 of the texture-processing
equipment 



The non-magnetic substrate may comprise any substrate that is generally
used as a substrate for magnetic recording medium, examples of which may
include an aluminium alloy substrate coated with a NiP metal film, and
substrates comprising glass, silicone, and the like The substrate S ~s
rotated ~n the direction shown by the arrow m the figure at a predetermined
speed The rotational speed of the substrate S is preferably in the range of
300 2000rpm A rotational speed less than 300rpm results in a reduction in
the efficiency of texture-processing, while a rotational speed exceeding
2000rpm tends to result in a non uniform, processed surface for the
substrate The abraswe tape A set in the abrasive tape supply member 25 is
received by means of the receiving roll 25b The speed at which the abrasive
tape A is received preferably lies in the range of 0 I - 2cm/sec The
abraswe tape A runs over the substrate S while in contact with both sides
of the substrate S, at the time of passing between the contact roller 26
and substrate S At the same time, an abrasive particle slurry stored in the
abrasive particle slurry tank (not shown) is introduced and allowed to run
onto the abrasive tape A, via the abraswe particle supply nozzle 27 The
aforementioned abrasive particle slurry comprises a slurry in which
abrasive particles are suspended in water The abrasive particle may
comprise any particle that is conventionally used in texture-processing,
examples of which may include diamond abrasive particles, alumina abrasive
particles, carbon silicon abrasive particles, and the like Among the
aforementioned, diamond abrasive particles are particularly preferred The
average particle diameter is preferably cn the range of 0 1 ~ 0 S~m If the
average particle diameter is less than 0 1 p.m, the resultant abrasion
tends to be inadequate. while an average diameter exceeding 0 S~m tends to
result in the surface of the substrate becoming too rough, both of which
are undesirable   96 o a ~raR 2002 



As the abrasive particle slurry, the aforementioned abrasive particles are
preferably added to water to comprise approximately 5 - 30~o In addition,
the flow rate of the abrasive particle slurry is preferably in the range of
10 - I OOmI/min The abrasive particle slurry introduced from the abraswe
parncle supple nozzle 27 reaches the area of contact between the abrasive
tape A and substrate S Here, the abrasive particles in the abrasive
particle slurrt,~ are rubbed onto the substrate S, by means of running the
abrasive tape A m the direction perpendicular to the radial direction of
the substrate S, to scrape the surface of the substrate S By means of
scraping the surface of the rotating substrate S with abrasive particles,
the resultant grooves are formed on the surface of the substrate in the
running direction of the abrasive tape A, i a , approximately, along the
periphery of the substrate S In the method for manufacturing magnetic
recording medium according to the present embodiment, the aforementioned
operation is continued until the average surface roughness of the substrate
S (Ra) becomes I -- 20~ If the average surface roughness of the substrate S
(Ra) is less than 1 A, the resultant magnetic recording medium becomes
excessively flat, leading to an inferior CSS property If it exceeds 20~,
the surface of the resultant magnetic recording medium becomes too
irregular, leading to a deterioration ~n the glide avalanche property In
addition, when performing texture-processing) it is preferable to oscillate
the abrasive tape A in the direction perpendicular to the running direction
of the tape by means of the aforementioned oscillation mechanism, to treat
the processing surface of the substrate S uniformly in the radial direction
of the substrate The frequency of oscillation is preferably in the range of
0 1 - SHz In addition, the width of the abrasive tape A at the time of
oscillation is preferably in the range of 0 1 ~ 30mm Furthermore, the
direction of oscillation of the abrasive tape A is not limited to a
direction perpendicular to the running direction of the tape, so long as
the direction crosses the running direction of the tape Subsequently, using
conventional spatter equipment or the like, a non-magnetic base film and
magnetic film are formed on a substrate S, which has been treated with   0
~ MAR 2Q02 97 texrture-processing, to obtain a disc D The matenal and
thickness of the non-magnetic base film and magnetic film are as described
in the aforementioned The formation of the aforementioned non-magnetic base
film and magnetic film is not limited to spatter-coating, but may also be
carried out in accordance with vacuum evaporation. ion plating, metal
plating, and the like Subsequently, the disc D is transported into the
chamber 10 of the plasma CVD apparatus shown m Figure 1, and the surface of
the disc D is exposed to a reactant gas, which is supplied from the supply
source 14 through the introduction tube 15 into the chamber 10. from which
the gas is exhausted via the exhaust tube 16 to circulate the gas within
The reactant gas is preferably a mixed gas of hydrocarbon and hydrogen,
with a mixing ratio of hydrocarbon to hydrogen in the range of 2 to 1 - 1
to 100 by volume The hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons In this operation,
the flow rate of the reactant gas is preferably in the range of 50 -
SOOsccm Additionally, the inner pressure of the chamber 10 is maintained at
a predetermined value such as 0 1 - IOPa 



At the same time, high frequency electrical power of preferably 500 - ?000W
is supplied to the electrodes 1 1 to generate plasma, and a carbon
protective film is formed on both sides of the disc D by means of plasma
chemical gas phase growth, using the aforementioned reactant gas as a
starting material The thickness of the carbon protective film is preferably
in the range of 30 - 1001 When supplying electrical power to the electrodes
11 and 11, it is preferable to make the phases of electrical power supplied
to each electrode different By means of making the phases of electrical
power supplied to each electrode 11 different, it is possible to improve
both the coating rate and durability of the protective film The difference
in the phase of electrical power supplied to each electrode is preferably
in the range of 90 - 270, and in particular, the opposite phase (i a , 180)
is preferred It is preferable to form the film while performing bias
applying such as high frequency bias or pulse D C bias to the disc D, using
the bias electrical source 13   D 8 MAR 2002 98 The conditions of bias such
as voltage and the like are preferable as described in the aforementioned
The resultant carbon protective film contains a higher content of
diamond-likecarbon (DLC), which exhibit an increased hardness Additionally,
tt is possible to provide a lubricating film by means of applying the
aforementioned lubricant on the protectwe film Examples of the magnetic
recording medium manufactured according to the aforementioned manufacturing
method may include a magnetic recording medium comprising a structure shown
in Figure 2 In the magnetic recording medium according to this embodiment,
a non-magnetic substrate S, a non-magnetic base film 31, a magnetic film
32, a carbon protective film 33, and a lubricating film 34 are provided
According to the aforementioned manufacturing method, a carbon protectwe
film is formed by means of a plasma CVD method, after a non-magnetic base
film and magnetic film are formed on the substrate S, which has been
treated with textureprocessmg In this manner, the carbon protective film
contains a high content of DLC, leading to a superior durability
Accordingly, it is possible to make the carbon protective film thinner
while also maintaining a sufficient durability Consequently, the surface of
the resultant magnetic recording medium reflects the surface of the
substrate S, wherein the average surface roughness (Ra) is in the range of
1 20A, while also maintaining a uniform and sufficient difference in height
Accordingly, it is possible to provide a highly reliable magnetic recording
medium exhibiting superior CSS and glide avalanche properties, which is
capable of suf~3ciently increasing the recording density without lowering
the output properties thereof On the other hand, when the carbon protectwe
film is formed according to a conventional spatter-coating method or the
like, the thickness of the carbon protective film must be increased to a
certain extent, from the perspective of the resistance to sliding
Therefore, even if the irregularities on the surface of the substrate S are
uniform, the micro-irregularities on the surface of the magnetic recording
medium tend to become non-uniform Moreover, when the average surface
roughness of the substrate S (Ra) is   99 0 8 MAR 2002 kept low, for
example in the range of 1 - 20~, in order to increase the elide avalanche
property, the magnetic head adherence during the CSS operation tends to
occur due to the partially flat surface of the magnetic recording medium,
thus leading to infenor CSS properties In the following, the effects of the
present invention are specified, using concrete examples (Test Example 95)
A magnetic recording medium was manufactured using the plasma CVD 



apparatus and texture-processing equipment shown in Figures 1 and 3,
respectively The texture-processing equipment (manufactured by Hitachi) is
provided with a controller 26 comprising rubber with an outer circumference
of 42 mm and length in axial direction of 42mm Additionally, 2501-2
manufactured by Chiyoda (with a thickness of 0 2mm and width of 38mm) was
used as the abrasive tape A An aluminium alloy substrate S coated with a
NiP metal film (with a diameter of 95mm, and thickness of 0 8mm) was
supported by means of a substrate support member 24 of the
texture-processing equipment, and rotated at a constant speed of 380rpm,
while the abrasive tape A was pushed against and ran over the substrate S
with a pressure of 2kg/cm- At the same time, the abrasive particle slurry
was introduced from the abrasive particle supply nozzle 27, to supply
abrasive particles between the abrasive tape A and substrate S The
receiving speed of the abrasive tape A was set at 0 2cmisec Furthermore, a
20% mixed solution of diamond abrasive particles with a particle diameter
of 0 3 ~m was used as the abrasive particle slurry Additionally, when
performing texture-processing, the abrasive tape A was oscillated at a
frequency of 2Hz and oscillation width of 20mm, in the direction
perpendicular to the running direction of the tape, by means of an
oscillation mechanism (not shown) The average surface roughness (Ra) of the
substrate S as a result of this texture processing operation is shown in
Table 15 A non-magnetic base film comprising a Cr alloy (with a thickness
of 6000, and a magnetic film comprising a Co alloy were successively formed
on the resultant substrate   100 a s I~aR 2~0~ S by means of DC Magnetron
Spattering device (3010 manufactured by Anelva), to form a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma
CVD apparatus, and a reactant gas was supplied from the supply source 14
into the chamber to achieve a flow rate of l30 sccm A mixed gas of toluene
and hydrogen, with a mixing ratio of toluene to hydrogen of 1 to 10 by
volume, was used as the reactant gas In addmon, the inner pressure of the
chamber 10 was maintained at 6Pa At the same time, high frequency
electrical power of 500W was supplied to the electrodes 11 to generate
plasma, and a carbon protective film with a thickness of 50~ was formed on
both sides of the disc D High frequency electrical power of 50V4' was
applied to the disc D, using the bias electrical source 13 Additionally,
the difference in the phase of high frequency electrical power supplied to
each electrode 11 was set at 180 Subsequently, a lubricating film with a
thickness of 15th was formed by means of applying a fomblin lubricant onto
the carbon protective film, thereby yielding a magnetic recordinU medium
The glide avalanche test, and CSS test described in the following were
performed on the magnetic recording medium In the glide avalanche test, the
glide avalanche of the magnetic recording medium was measured using a grind
tester (DS4200 manufactured by Sony Techtronics) In addition, in the CSS
test, using an MR head, a CSS operation was performed 20000 times at a
rotational speed of 7200rpm, and a temperature of 40C with a humidity of
80% The dynamic stiction value was monitored after allowing the magnetic
recording medium to sit for one hour These results are shown in Table 15
(Test Examples 96 - 99) 



Magnetic recording media were manufactured, in which the average surface
roughness (Ra) of the substrate S was modified by means of adjusting the
duration time for performing texture-processing The glide avalanche test
and CSS test were performed on these magnetic recording media The results
are shown in Table 15 (Test Examples 100 and I01 )   lol 0 8 MAR 2002
Magnetic recording media were manufactured, ~n which the average surface
roughness (Ra) of the substrate S was changed by means of modifyng the
particle diameter of the abrasive particles used in texture-processing The
glide avalanche test and CSS test were performed on these magnetic
recording media The results are shown in Table I S (Test Example 102) A
magnetic recording medium was manufactured in the same manner as in Test
Example 96, wnh the exception that the carbon protective film was formed
according to the spatter-coating method The Glide avalanche test and CSS
test were performed on this magnetic recording medium The results are shown
in Table 1 ~   0 8 MAK 2002 l02 Table 15 Osc~llat~onNumberAbrasive
~~AverageI Gl~de ' Sucuon !.frequencyof rotationparticle !surfacei
avalanche ~; (_)(Hz)ofdiameter jroughness(p Inch)substrate(gym) iRa (A)~ !,
, I! (rpm)Test Example 9s , 3I 38U IU 3 i9U 26 I U 37 ! I Test Example 96 ~
3 i 4s0 0 3 ~ 17--- I U'0 I U'4 Test Example 97 i 330U ~0 3 i 18 U 32i U 40
iTest Example 98 ~ i3U0U 3 i 2U U 33 U 31Test Example 99 3 ' 2UOU0 3l20 29
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From the results shown in Table 15, it is clear that the magnetic recording
media manufactured according to the plasma CVD method, wherein the average
surface roughness (Ra) was 1 - 20~., exhibited sufficiently low glide
avalanche values and suction values, leading to superior CSS and glide
avalanche properties As explained in the aforementioned, according to the
present invention, it is possible to provide a highly reliable magnetic
recording medium exhibiting superior CSS and glide avalanche properties,
which is capable of increasing the recording density sufficiently without
lowering the output properties thereof In the following, another embodiment
of the method for manufacturing magnetic recording medium according to the
present invention is described, using an example in which the plasma CVD
apparatus shown in Figure 1 is employed Initially, a non-magnetic base film
and magnetic film are formed on both sides of a non-magnetic substrate,
according to the spatter-coating method, to obtain a disc D The
non-magnetic substrate may comprise any substrate that is generally used as
a substrate for magnetic recording medium, as described in the
aforementioned   Q 8 MAR 2002 log The surface of the non-magnetic substrate
~s preferably treated with textureprocessing such as mechanical
texture-processing In particular, the average surface roughness (Ra) is
preferably in the range of 1 - 20~ If the Ra exceeds 20~, the grind height
property of the resultant magnetic recording medium is undesirably reduced
The materials and thickness of the non-magnetic base film and magnetic film
are as described in the aforementioned Subsequently, the disc D, provided
with the non-magnetic base film and magnetic film on the non-magnetic
substrate according to the aforementioned operation, is transported into
the chamber 10 of the plasma CVD apparatus, and the surface of the disc D
is exposed to a reactant gas, which is supplied from the supply source 14
through the introduction tube 15 into the chamber 10 Gas is exhausted via
the exhaust tube 16 from chamber 10 to circulate the gas within In the
manufacturing method according to the present embodiment, the reactant gas
is preferably a butadiene gas or a mixed gas of butadiene and hydrogen
which mixing ratio of butadiene to hydrogen is preferably in the range of
100 to 0 - 1 to 100 by volume, and more preferably 100 to 0 - 1 to 25 If
the mixing ratio of butadiene in the aforementioned gas by volume is less
than the aforementioned range) the coating rate becomes too low, unsuitable
for practical industrial production Additionally, when using the
aforementioned mixed gas of butadiene and hydrogen as the reactant gas, the
mixing ratio of butadiene to hydrogen in the reactant gas is preferably in
the range of 100 to 60 - 1 to 100, and more preferably 100 to 60 -- 1 to 25
When forming the carbon protective film, the inner pressure of the chamber
10 is preferably set at a predetermined value, such as 0 1 - 10 Pa At the
same time, high frequency electrical power of preferably 50 ~ 2000 W is
supplied to the electrodes 11, using the high frequency electrical source
12, to generate plasma, and a carbon protective film is formed on both
sides of the disc D by means of plasma chemical gas phase growth, using the
aforementioned reactant gas as a starting material Herein, the
aforementioned butadiene gas serves as the carbon source for the carbon
protective film   0 8 MAR 2002 104 When supplying electrical power to the
electrodes 1 1 and 11, it is preferable to make the phases of electrical
power supplied to each electrode 11 different By means of making the phases
of electrical power supplied to each electrode 11 different, it is possible
to improve the coating rate and durability of the protective film The
difference in the phase of electrical power supplied to each electrode is
preferably in the range of 90 -- 270. and in particular, the opposite phase
(i a , 180) is preferred The thickness of the carbon protective film is m
the range of 30 - 100k and preferably 30 - 75~ If the thickness is less
than the aforementioned range, the resistance to corrosion of the resultant
carbon protective film is decreased If the thickness exceeds the
aforementioned range, the resultant magnetic recording medium tends to
(undesirably) exhibit greater spacing loss at the time of recording and
replay At the time of forming the carbon protective film, bias such as high
frequency bias and pulse D C bias, is applied to the disc D, using the
electrical bias source 13 When using high frequency bias as the bias, high
frequency electrical source is used as the bias electrical source 13, and
high frequency electrical power of 10 - 300 W, preferably 10 -- 150 W, is
applied to the disc D If the electrical power is less than the
aforementioned range, the resistance to sliding of the resultant carbon
protective film is reduced If the electrical power exceeds the
aforementioned range, abnormal discharge tends to occur in the chamber 10
at the time of coating, leading undesirably to portions of abnormal growth
on the carbon protective film 



When using pulse D C bias as the bias, a pulse D C electrical source is
used as the bias electrical source 13, and a voltage of -400 -- -IOV,
preferably -300 - -50V is applied to the disc D If the voltage is less than
the aforementioned range, resistance to sliding of the obtained, carbon
protective film is reduced If it exceeds the aforementioned range, abnormal
discharge tends to occur in the chamber 10 during coating) leading
undesirably to portions of abnormal growth on the carbon protective film
Additionally, the pulse width of the aforementioned pulse D C bias is
preferably in the range of 10 ~ SOOOOns, and the frequency is preferably in
the range of lOkHz -1 GHz   o a MaR Zooz 105 By means of performing bias
applying, the carbon protective film contains a higher content of
diamond-like-carbon (DLC), which exhibit both an increased hardness and
superior strength Additionally, a lubricating film may be provided on the
protectwe film, by means of applying the aforementioned lubricant In the
aforementioned manufacturing method) by means of using a butadiene ;as. or
a mixed gas of butadiene and hydrogen, which mixing ratio of butadiene to
hydrogen is in the range of 100 to 0 ~ 1 to 100 by volume, as the reactant
gas, at the time of forming the carbon protective film, it is possible to
form a carbon protective film with a superior durability As a result, it is
possible to make the carbon protective thinner while maintaining the
durability, and to provide a magnetic recording medium that is capable of
reducing spacing loss Consequently, it ~s possible to provide a highly
reliable magnetic recording medium. which is capable of sufficiently
increasing the recording density without lowering the output properties
thereof Additionally, by means of performing bias applying to the disc D at
the time of forming the carbon protective film, the carbon protective film
contains a higher content of DLC, leading to a superior strength In
addition, it is also possible to improve the coating rate, leading to an
efficient production The reason that the carbon protective film with a
supenor durability can be provided by means of using a butadiene gas, or a
mixed gas of butadiene and hydrogen, which mixing ratio of butadiene to
hydrogen is in the range of 100 to 0 - 1 to 100 by volume, as the reactant
gas when forming the aforementioned carbon protective film, is unclear
However, this may be attributable to the fact that the resultant carbon
protective film contains a higher content of DLC which exhibit an excellent
hardness, and thus displays an overall superior strength, by means of using
the aforementioned gas as the reactant gas A mixed gas wherein other gases
such as nitrogen, argon, oxygen) fluorine, and the like, are added into the
aforementioned butadiene gas, or mixed gas of butadiene and hydrogen at a
mixing ratio of for example 1 ~ 100 vol %, may be also used as the reactant
gas   ~ ~ MAR 2002 106 In addition, a mixed gas wherein other gases, which
may serve as a carbon source, such as methane, ethane, ethylene, propylene,
butylene, butane, benzene, toluene, and the like. are mixed into butadiene
gas at a mixing ratio of, for example, 1 - 100 vol %, may be used instead
of the aforementioned butadiene gas In addition, in the aforementioned
manufacturing method according to the present embodiment, a carbon
protective film ~s formed according only to a plasma CVD method However;
the method for manufacturing magnetic recording medium according to the
present invention is not limited thereto, and a protective film may also
comprise a multilayer structure comprising a plasma carbon layer formed
according to the plasma CVD method, and a layer formed according to another
method, such as a spatter-carbon layer and/or tantalic nitride layer formed
according to the spattering method In the following, the effects of the
present invention are specified, using concrete examples 



(Test Example 103 -- 117) After an aluminium alloy substrate coated with a
NiP metal film (with a diameter of 95 mm and thickness of 0 8 mm) was
treated with mechanical texture-processing to form an average surface
roughness of 20~, a non-magnetic base film (with a thickness of 6000
comprising a Cr alloy, and a magnetic film comprising a Co alloy were
successively formed on both sides of the substrate S, using DC Magnetron
Spatter Equipment (3010 manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma
CVD apparatus, and the reactant gas was supplied from the supply source 14
inside of the chamber At the same time, high frequency electrical power of
700W (with a frequency of 13 56MHz) was supplied to the electrodes 11, to
generate plasma, and a carbon protective film with a thickness of SOt~ was
formed on both sides of the disc D The temperature of the disc D when
forming the carbon protective film was set at 160C The distance between the
electrodes 11 and disc D was set at 30mm The inner pressure of the chamber
was maintained at 2Pa The type and flow rate of the reactant gas, type and
power of bias applied to the disc D by means of the bias electrical source
I3, difference in the phase of high   0 8 MAR 2002 1o7 frequency electrical
power supplied to the electrodes 11, thickness of the formed carbon
protective film, and coating rate are shown in Table 16 Subsequently, a
lubricating film with a thickness of 20A was formed on the carbon
protective film by means of applying a fomblin lubricant, thereby melding a
magnetic recording medium The CSS test, corrosion test, and Raman spectral
analysis described in the following were performed on the resultant
magnetic recording media In the CSS test, using an MR head, a CSS operation
was performed 20000 times at a rotational speed of 7200rpm, and a
temperature of 40C with a humidity of 80% The 



dynamic stiction value was monitored after allowing the magnetic recording
medium to sit for one hour In the corrosion test, after being allowed to
sit for 96 hours at a high temperature (60C) and a high humidity (80%), the
magnetic recording medium was soaked in SOcc of ultrapure water at 25C, and
the extraction amount of Co (per substrate area) was measured In addition,
after being allowed to sit for 96 hours at a normal temperature (25C) and
normal humidity (50%), the extraction amount of Co was measured in the same
manner In the Raman spectral analysis, Raman spectral analysis (argon ion
laser excitation) was performed, using a Raman spectral analysis apparatus
(manufactured by JEOL) The results are shown in Table 17 In the table, "RF"
represents high frequency Furthermore, "RF phase difference" represents the
difference in the phase of electrical power supplied to two electrodes 1 l
and 11   0 8 MAR 2002 1 os Table 16 Reactantas Ratio of Bias ~ Btas ! RF
Protec- ~ Coat-i Carbon sourceHydro- butadiene ~ ~ po~er ~ pi~ase I uve
film I mgas~ gen flown reactant , ; ~ dtffere I thtcl:- ~ rateType Flow'
rate I gas I I nce () ~ ness (A) ! (A/mtn i 'I I ratej (sccm) Ool r~) I ~ ~
!I (sccm)I I II Test Ev 1l1; ; Buta-I 6120 i -t 8 i Pulse -200V18()' S0 ~
218 ;dtene'i ~ D CITest Ev 10~ I Buta- I .;() 200 I 13 0Pulse I -200V I 180
i0 28~ idtene ~ iD C jTest Ea 10i ~ Buta- 30 ~ 120 ~ 20 0Pulse -200Vj 180 !
50 I 53 ;diene ~D CTest Es 106I Buta- I 30 I l20I 20 0 ' RF '. 30W I180!
5()I j06dtene II j iTest Ev 107 ! Buta- j 2s ! 6() ! 29 -tPulse-200V18(>;0I
,g?I diene I I~ D CTest Ev l08 I Buta- i 30 I20 ~ 60 0 ~ Pulsei -2(10V I180
'S0689i dtene ~j D CI,Test Ev 109 ' Buta- ~ 30 U100 I Pulse-200V180;0810I
dtene I~ D C~Test Ev 110 I Buta- I3 ~12(1 ~ 2 .~ i Pulse-200V
!I805016sdiene ~D CTest Ev l l 1 ~Buta- 30L2() ! 20 0 ~None` -18050 j386,
dtene 't!j Test Ev 112 I Buta- i 30120 20 0 IPulse-20UV05018i ,I d~ene ;
~!D C~ Test Ev l is ' Buta- ~ 30120 I20 0Pulse ~-200V Il8020 i~" 'i i dtene
~D CIi Test Ev 11-1 ~ vieth.~ne i 6U I60 i - I Pulse j -200V180 ~5032-I' iI
I DCTest Ev 11i I Ethane i100 ~0 i - Pulse-200V !180 ~i0385 'DCITest Ea
116Ethylene i6060- Pulse ~-200V18050 '308IIDCTest Ex 117Acr~ona100 ~0 I
-Pulse-200V I18050221DC   D a MAR 2002 109 Table 17 f Suction (-) j
iCorrosion test Raman spectral anal) sisNormal temp cx. ; 



i normal hurrudm (~g/disc)Htgh temp cx, ~ uG-line (em'') j Id/Ig (-) ;. , I
; Wugh hutrudm (~g/disc) ITest Example 1 U ; ' U 6-10 0;0 110 ~.~ ; 1;.~0 s
'Test Example 10.1 i 0 81 0 ()7 I0 17t) 38 i 15;l> 7 Test Example 10, ( )
-~:, I Test Example l06 '0 60 Ii o 0.~ i0 1G ~0 .~oI 1,36 .lTest Example
107 '0 9G0 08 '0 20 .0 36 '15 3-1 8Test Example 108 ;0 77U OS0 240 351533
9Test Example 10~) '0 71 I0 08 I0 180 3~1533 8Test Example 110 ~0 88 ~0 070
130 -t8 I1 S.I 1.2Test Example 1 l 1Crash0 360 99no peak ~-I Test Example
112 ~0 5(, ~0 21 j i0 77 ~0 75 i1539 5Test Example I 1 3 '1 23 '0 78 ;2 57
;-Test Example 11-4 I2 25 !0 L 10 .~51 021558 0Test Example l is 'CrashI 0
l.t I0 580 351559 6Tcst Example 1 I(, I2 120 1G0 3G--Test Example 117
;Crasho 2 3 , i i0 7.i- , i- From the results shown in Tables 16 and 17, it
is clear that the magnetic recording media manufactured according to the
method wherein bias was applied to the disc D at the time of coating, and
butadiene gas or a mixed gas of butadiene and hydrogen, with a mixing ratio
of butadiene to hydrogen of 100 to 0 ~- 1 to I00 by volume, exhibited lower
suction values, leading to a superior resistance to the CSS operation
Additionally, it is clear that the coating rate improved In addition, from
the results of the corrosion test, the aforementioned magnetic recording
media displayed an extremely small amount of corrosion, and exhibited a
resistance to corrosion to a degree which poses no problems from practical
use Additionally, from the results of the Raman spectral analysis, the
aforementioned magnetic recording medium exhibited a G-band peak of a
relatively higher frequency, a low Id/Ig, and a high DLC content U On 0 22
I 0 .,7 1538 2   0 8 MAR 2002 11o In addition, the magnetic recording
medium manufactured according to the method wherein the difference in the
phase of high frequency electrical power supplied to the electrodes l l was
180 degrees, resulted m an improvement ~n the coating rate, compared to
those with no difference in the phase As explained in the aforementioned,
according to the method for manufacturing magnetic recording medium
according to the present invention, it is possible to form a carbon
protective film with a superior durability As a result, it ~s possible to
make the carbon protectwe film thinner while also maintaining a sufficient
durability, and thereby reduce spacing loss Accordingly, it is possible to
provide a highly reliable magnetic recording medium which ~s capable of
sufficiently increasing the recording density without lowering the output
properties thereof Additionally, it is possible to increase the coating
rate, leading to an efficient production Industrial Applicability The
magnetic recording medium and method for manufacturing the same according
to the present invention may be applied to a magnetic recording medium (and
manufacturing method for the same), such as magnetic disc or the like,
which is used m magnetic disc equipment 



0 8 MAR 2002 111 CLAIMS 1. A method for manufacturing a magnetic recording
medium comprising the steps of forming a carbon protective film onto the
disc, the non-magnetic substrate of which is layered with a non-magnetic
base film and magnetic film, using a reactant gas containing carbon atoms
as a starting material, according to a plasma CVD method, wherein pulse
D.C. bias having a frequency of 1 kHz ~ 100GHz and pulse width of 1 ns
SOOps is applied to said disc, at the time of forming the carbon protective
film. 2. A method for manufacturing a magnetic recording medium according
to claim 1, wherein said pulse D.C. bias applied to said disc comprises a
frequency of lOkHz IGHz and pulse width of lOns ~ SO~s. 3. A method for
manufacturing a magnetic recording medium according to claim 1, wherein
said pulse D.C. bias applied to said disc comprises an average voltage of
-400 ~ -10V. 4. A method for manufacturing a magnetic recording medium
according to claim 2, wherein said pulse D.C. bias applied to said disc
comprises an average voltage of -400 ~ -10V. S. A method for manufacturing
a magnetic recording medium according to one of claims 1-4, wherein a mixed
gas of hydrocarbon and hydrogen, in which the mixing ratio of hydrocarbon
to hydrogen is in the range of 2 to 1 ~ 1 to 100 by volume, is used as said
reactant gas during formation of a carbon layer. 6. A method for
manufacturing a magnetic recording medium according to claim 5, wherein
said hydrocarbon comprises at least one type of hydrocarbon selected from
among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and
lower cyclic hydrocarbons.   0 8 MAR 2002 112 



7. A magnetic recording medium comprising a carbon protective film formed
onto a disc, the non-magnetic substrate of which is layered with a
non-magnetic base film and magnetic film, wherein said carbon protective
film is formed according to a plasma CVD method, while applying pulse D.C.
bias, having a frequency of llcHz ~ 100GHz and pulse width of lns ~ SOO~s
to said disc. 8. A method for manufacturing a magnetic recording medium
according to claim S, comprising the steps of forming a carbon protective
film onto a disc, the nonmagnetic substrate of which is layered with a
non-magnetic base film and magnetic film, using a reactant gas containing
carbon atoms as a starting material, according to a plasma CVD method,
wherein the temperature of said disc is set at a temperature in the range
of 100 ~ 250C in advance, at the time of forming said carbon protective
film. 9. A method for manufacturing a magnetic recording medium according
to claim 5, comprising the steps of forming a carbon protective film onto a
disc, the nonmagnetic substrate of which is layered with a non-magnetic
base film and magnetic film, using a reactant gas containing carbon atoms
as a starting material, according to a plasma CVD method, wherein the
pressure of said reactant gas is set in the range of 0.1 ~ IOPa. 10. A
method for manufacturing a magnetic recording medium according to claim 5,
wherein the pressure of said reactant gas is set in the range of 2 ~ 6Pa.
11. A method for manufacturing a magnetic recording medium according to
claim 1, comprising the steps of forming a carbon protective film onto a
disc, the nonmagnetic substrate of which is layered with a non-magnetic
base film and magnetic film, using a reactant gas containing carbon atoms
as a starting material, according to a plasma CVD method, wherein said
reactant gas comprises nitrogen and a mixed gas, in which the mixing ratio
of hydrocarbon to hydrogen is in the range of 2 to 1 ~ 1 to 100, into which
nitrogen gas is added at an adding volume of 0.1 ~ 100% of said mixed gas.
12. A method for manufacturing a magnetic recording medium according to
claim 1, comprising the steps of forming a carbon protective film onto a
disc, the non   0 8 MAR 2D02 113 magnetic substrate of which is layered
with a non-magnetic base film and magnetic film, according to a plasma CVD
method, using a reactant gas containing carbon atoms, wherein butadiene gas
or a mixed gas of butadiene and hydrogen, in which the mixing ratio of
butadiene to hydrogen is in the range of 100 to 0 ~ 1 to 100, is used as
said reactant gas, while applying bias to said disc. 13. A method for
manufacturing a magnetic recording medium according to claim 12, wherein
the thickness of said carbon protective film is in the range of 30 100A.
14. A method for manufacturing a magnetic recording medium according to any
one of claims 8-11, wherein said hydrocarbon comprises at least one type of
hydrocarbon selected from the group consisting of lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons. .An.A.A(ye.AAl?.A3.A .A.2 .AU.Ay.A.A.A._.Ay.A{@.A.
.AUy.Ai@.AE.AnUSl .A@Y .A3 .A.A.AHY4.A@.A.AF_.Ah.A S.AS.A..As{ .A.AA.A .A
.A.8.A.AA2 .An .A.A 
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