DESCRIFPTION

MAGNETIC RECORDING MEDIUM MANUFACTURING METHOD AND
LAMINATE MANUFACTURING METHOD

Technical Field

[0001]

This invention relates to a method of manufacturing a magnetic
recording medium and a method of manufacturing a laminate.
Background Art

[6G02

Nowadays, the information recording technique, particulariy the
magnetic recording technigue, reguires a radical technological innovation
following the development of the IT industry.  For magnetic disks adapted to be
mounted in magnetic disk apparatuses such as HDDs (hard disk drives), there
is required a technique capable of achieving an information recording density of
B60Gbitfinch® o 100Gbitfinch? or more.  Hitherio, in a magnetic disk, a magnetic
layer adapted to record information is provided on a nonmagnetic substrate and,
on the magnetic layer, there are provided a protective layer for protecting the
magnetic layer and a lubricaiing layer for reducing interference from a flying
magnetic head. Further, thers has heretofore been proposed a method of
forming a protective layer by a plasma CVD method for ensuring the wear
resistance and sfiding properties of a magnetic disk (see, e.g. Patent Document
1.
Patent Document 1. infernational Publication No. 99/014746 Pamphiet
Disclosure of the Invention
Problem to be Solved by the invention

{0003



For magnetic disks, a demand for an increase in recording density has
been becoming sironger year by year.  In the demand for the increase in
recording densiy in recent years, various approaches have been made. As
one of them, it is required fo reduce the distance {magnetic spacing) betwesn
the center, in a thickness diraction, of a magnetic layer of a magnelic disk and g
recording/reproducing element of a magnetic head for improving the S/N ratio of
a recording signal by improving the spacing loss.  For example, in order to
achieve an information recording density of B0Gbitinch? or more, it is required
to reduce the magnetic spacing to 20nm or fess.

[0004]

Herein, taking into account the distance from the surface of the
magnetic disk to the center in the thickness direction of the magnetic layer, the
flying height of the magnetic head is currently set 1o 10nm or jess and thus a
further reduction thereof is difficult.  Further, when the fiying height of the
magnetic head is set to 10nm or less, there is a possibility of cccurrence of a
problem that intermittent contact between the magnetic head and the magnetic
disk ocours io make the flight unstable or even a serious problem that
contamination occurs on a recording/reproducing element partion of the
magnetic head to disable recording/reproduction.  Therefore, studies have
been performed to reduce the thicknesses of a proteciive layer and so on
provided between the magnetic layer and the disk surface.

10005}

However, if, for example, the thickness of the protective fayer is simply
reduced, the properties necessary for the protective layer cannot be ensured.
For example, in the case whers use is made, as the proleciive layer, of a
structure in which a layer centaining carbon and nitrogen for improving
adhesion 1o a lubricating layer Is formed at the outermost surface of a

hydrocarbon protective film, if the thickness of the hydrocarbon protective fiim is



simply reduced, sufficient wear resistance and sliding properties cannot be
ensured. On the other hand, if the thickness of the layer containing carbon
and nitrogen at the outermost surface is simply reduced, the adhesion to the
fubricating fayer decreases. in this case, there arises a pick-up problem that
the magnstic head picks up a lubricant not adhering to the protective layer as
- the lubricating layer, or the like.

100086)

As described above, if the thicknass of the protective layer is simply
reduced, there arise various problems. Then, in such a case, there arises a
problem such that fine scratches or the like ocour on the magnetic disk 1o
degrade a recording/reproducing signal.

(00073

Further, in recent years, as a HDD star/stop mechanism, it has been
required to employ, instead of the conventional CSS system, the LUL system
{ramp load system) capable of ingreasing the capacity. In an LUL-system
magnetic disk apparatus, if the thickness of a protective layer is simply reduced
as desoribed above, the possibility is considered 1o be highet that there arises a
problem that fine scraiches or the like occur on a magnetic disk due to impact
upon loading of 2 magnetic head on the magnetic disk, thereby degrad%ng a
reproducing signal.

{0008]

This invention has been made in view of the problems described above
and has an object o provide a magnetic recording medium manufacturing
method and so on that can ensure the wear resistance and siiding properties
and, further, improve the adhesion between a protective layer and a lubricating
layer, for example, even when the thickness of the protective layer is dnm or

lzse.



WMeans for Solving the Problem

{0009]

in order to solve the above problems, this invention has the following
structures.

(Structure 1) A magnetic recording medium manufacturing method of
forming a thin film over a substrate, said magnetic recording medium
manufacturing method characierized by comprising

a thin film forming step of forming said thin film using a
plasma-converted subsiance as a material,

wherein said thin film forming siep forms said thin film using material
substance concentration means for gathering said plasma-converied substance
around said substrate,

[0010]

With this structure, the formation of the thin film can be efficiently
carried out.  Further, for example, by concentraling the matierial substance, the
density of the substance necessary for exhibiting the function of the thin film can
be increased in the thin film to be formed. Therefore, even if the thickness of
the thin filim is reduced, the function of the thin film can be properly exhibited.
This makes it possible to reduce the thickness of the thin film.

0011}

The thin film forming step may be a step of forming the thin film while
applying a bias voltage to the substrate. Wih this structurs, the
plasma-converied substance being a material of the thin film can be atiracted
around the substrate. In this case, the maierial substance concentration
means gathers the plasma-converted substance around the gubsirate by a
method different from the bias voltage. For example, the material subsiance
concentraiion means gathers the plasma-converted substance around the

substirate by a method other than an electric force.  The electric force Is, for



gxampie, an eiectric aitractive or repuisive force directed in the tangential
direction of the electric ling of force.

[oo12]

The material substance concentration means gathers the
plasma-converted substance around the substrate by, for example, an
electromagnetic force.  In this case, for example, by applying a bias voitage 1o
the substrate to move the plasma-converted substance in a fixed direction, itis
possible to control the direction of the electromagnetic force applied fo the
plasma-converted subsiancs.

[0013]

Further, for example, when forming the thin film by a chemical reaction
of the plasma-converted substance over the substrale, the material substance
canéentraiieﬁ means may use, as a pressurizing gas, a gas with a preperty that
does not participate in the chemical reaction over the substrate, thereby
gathering the plasma-converted substance around the substrate.  In this case,
for example, the material substance concentration means supplies the
pressurizing gas, while controfiing its blowing direction, to push the
plasma-converied substance foward the substrate, thereby gathering the
plasma-converted substance around the substrate.

[0014]

{(Structure 2) Said material substance concentration means gathers
said plasma-converted substance around said substrate by generating &
magnetic field around said subsirate,

[6015]

With this structure, the plasma-converted substance can be propetly
gathered. The material substance concentration means generates the
magnetic fieid using, for exampie, a permanent magriet or anh electromagnet.

In the case of using the permanent magnet, for example, since it is not



necessary to supply ihe power to the magnet, the siructure of an apparatus can
be simplified. On the other hand, in the cass of using the electromagnet, for
example, since the degree of freadom of adiustment of the strength of the
magnetic field increases, the plasma-converted substance can be gathered
more properly. It is preferable that the arrangement of the permanent magnet
or the electromagnst be, for example, properly optimized according to the
structure of a fitm forming apparatus, or the like.

[0016]

in the case where the electromagnet is used, it is considerad that the
power consumption during the film formation may increase, However, for
example, when the film formation is carried out while applying the bias voltage
to the substrate, it becomes possible to reduce the bias voltage by the use of
the material substance concentration means. Thereiore, even in the case
where the electromagnet is used, it is possible to reduce the total power
consumption.

[0017]

{Struc;ure 3) Said material substance concentration means generates
the magnetic field around said substrate using a magnet having a maximum
energy product of 1.0 to 50MGQOe.

[0018]

With this struciure, it is possilie to generate the magnetic field with the
strength suitable for gathering the plasma-converied substance arcund the
substrate. I the maximum energy product is less than 1.0MGOe, thers is a
possibility that the effect of gathering the plasma-converfed substance around
the substrate cannot be sufficiently expected. On the other hand, a magnet
with a maximum energy product exceeding S0MGQOe is difficult 1o procure and
thus causes an increase in cost.

[0018)



({Structure 4)  The magnetic recording medium manufacturing method
further comprises

a magnetic layer forming step of forming a magnetic layer over said
substrate, and

a protective film forming step of forming a hydrocarbon protective film
over said magnetic layer,

wherein said thin film forming step is a step of introducing nitrogen into
a surface of said hydrocarbon protective film by a plasma CVD method using &
nitrogen gas, thereby forming a film containing the nitrogen at an outermost
surface of said hydrocarbon protective film.

- {0020]

The hydrocarbon protective fiim other than the outermost surface
introduced with the nitrogen and the fiim containing the nitrogen and formed at
the outermost surface form a protective layer of a magnetic recording medium.
The hydrocarbon protective fitm is a high-density, higﬁ—hardness‘ film and, by
forming the hydrocarbon protective film, it is possible to ensure the wear
resistance and sliding properties of the magneiic recording medium.  Further,
by forming the film containing the nitrogen at the cutermost surface of the
hydracarbon protective film, it is possible to enhance adhesion o a lubricating
fayer formed on this film.

[0021]

in terms of improving the spacing loss, the protective layer is highly
required to be reduced in thickness. Therefore, in the protective layer, itis
important io have the hydrocarbon protective film and the film containing the
pitrogen at the outermost surface exhibit their functions with thicknesses as
small as possible, respeciively,

10022}

in this regard, with Structure 4, it is possible to efficiently introduce



nitrogen into the outermost surface of the hydrocarbon protective film.
Thersfore, for exampie, even if the thickness of the film containing the nitrogen
is reduced, it is possible to sufficiently enhance adhesion to the lubricating layer.
By this, even if the thickness of the hydrocarbon protective film to be formed in
the protective film forming step is reduced, it is possible to ensure the required
weaar resistance and sliding properties.

0023}

Therefore, with this structurs, the thickness of the protective layer can
be properly reduced, This makes it possible to reduce the magnetic spacing
and thus to improve the S/N ratio of a recording signal.  Further, by improving
the S/N ratio, the recording density can be improved.

{0024]

The hydrocarben protective film formed in the protective film forming
step may be a film containing carbon as a main component, wherein the content
of hydrogen is low as comparsd with that of carbon.  The hydrocarbon
protective film preferably contains diamond-tike carbon as the main-component
carbon.

[0025]

The protective film forming step forms the hydrocarbon protective film
by, for example, a sputiering method or a plasma CVD method.  In the case of
using the spuitering method, high-spesd film formation is enabled. On the
other hand, in the case of using the plasma CVD method, it is possible 1o form
the hydrocarbon protective film having high density and high hardness. inthe
case of using the plasma CYD method, the profective film forming step
preferably forms the hydrocarbon protective film having a thickness of 5nm or
less.

[0026]

(Structure 5} Said thin film forming step forms the fiim containing the



nitrogen at the outermost surface of said hydrocarbon protective film by
applving a bias veltage to said substrate.

{0027]

With this structure, the plasma-converted nitrogen can be atracted to
the substrate by an electric field generated by this bias voltage.  Further, for
exampig, when the material substance conceniration means is means for
generating a magnetic field, by moving the plasma-converted nitrogen in a fixed
girection by a force due to the bias voltage, it is possible fo determine the

-moving direction of the plasma-converted nitrogen being the charge subjscted
1o an electromagnetic force. In this cass, since it becomes possible to properly
confrol the direction of the electromagnestic force applied io the
plasma-converied nifragen, the plasma-converted nitrogen can be more
properly gathered around the substrate. This makes it possibie to more
praperly form the film containing the nirogen al the outermost surface of the
hydrocarbon proteciive film. '

[0028]

{Structure 8)  Said thin film forming step applies an Rr bias with a
power of 400W or iess to said subsirate. i the RF bias exceeding 400W is
applied, there is a possibility of occurrence of damage or the like fo the
substrate, On the other hand, with this structure, it is possible to propetly
apply the bias voltage fo the substrate.

{0029]

Further, using the RF bias, it is possibie to generate a piasma by the
use of the bias voltage applied to the substrate. Therefore, with this structure,
for example, as compared with the case where the application of a bias voliage
to the substrate and the supply of a high-frequency voltage for generaling a
plasma are separately carried out, the structure of the film forming apparatus

can be simplified.
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[0830)

{Structurg 7). Said protective film forming step forms said hydrocarbon
protective film having a thickness of 5nm or less, and

said thin film forming step forms the fiim containing the nitrogen wherein
an atomic rafio (N/C) of nitrogen to carbon at the outermost surface s 0.05 o
0.15.

[0031]

With this structure, the thickness of the film containing the nitrogen and
formed at the outermost surface of the hydrocarbon protective film can be
reduced while sufficiently maintaining the adhesion to the iubricating layer.

This makes it possible to property reduce the thickness of the entire protective
layar. The afomic ratio (N/C) of nitrogen o carbon at the outermost surface of
the hydrocarbon protective fitm is more preferably set to 0.05to 0.10.  With this
structure, the thickness of the portion where nitrogen is introduced can be
further reduced while introducing a sufficient amount of nitrogen.

[0032]

{Structure 8) The magnstic recording medium manufacturing method
further comprises

a magnetic layer forming step of forming a magnetic layer over said
substrate,

wherein said thin film forming step is a step of forming a hydrocarbon
protective film over said magnetic layer by a plasma CVD method using a
hydrocarbon gas.

{0033]

With this struciure, for exampie, plasma-converied carbon being a
material of the hydrocarbon protective film can be concentrated around the
substrate. Therefore, it is possible o form the hydrocarbon protective fitm with

higher density and higher hardness. By this, for example, even if the thickness
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of the hydrocarbon protective film is reduced, it is possible to ensure the wear
resistance and sliding properties of the magnetic recording medium. Tharefore,
this makes it possible to properly reduce the thickness of the entire protective
iayer including the hydrocarbon protective film.

10034}

{Structure 8) A laminate manufacturing method of forming a thin film
over a substrate, said laminate manufacturing method characierized by
comprising

a thin film forming step of forming said thin film using a
plasma-converted substance as a maferial,

wherein said thin film forming step forms said thin film using material
substance concentration means for gathering said plasma-converted substance
around said substrate. With this structure, it is possible to obtain the same

effect as that of Structure 1.
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[0034a]
According to a first aspect of this invention, there is provided a magnetic recording medium
manufacturing method of forming a thin film over a substrate,
said magnetic recording medium manufacturing method characterized by comprising
a magnetic layer forming step of forming a magnetic layer over said substrate;
a protective film forming step of forming a hydrocarbon protective film over said
magnetic layer; and
a thin film forming step of forming said thin film using a plasma-converted substance as
a material,
wharein said thin film forming step forms said thin film using material substance
concentration means for gathering said plasma-converted substance around said substrate by
generating a magnetic field around said substrate using a magnet having a maximum energy
product of 1.0 to 50 MGOe, the magnet being provided at a position facing an oufermost surface
of said hydrocarbon protective film, the outermost surface being opposite of a side of said
hydrocarbon protective film that is closer 1o said magnedic layer;
and said thin fiim forming step is a step of infroducing nitrogen into a surface of said
hydrocarbon protective fiim by a plasma CVD method using a nitrogen gas and by applying a
bias voltage to said subsirate, thereby forming a film containing the nitrogen at the outermost
surface of said hydrocarbon protective film.
[0034b)
According to a second aspect of this invention, there is provided a laminate manufacturing
method of forming a thin film over a substrate, said laminate
manufacturing method characterized by comprising:
a magnetic layer forming step of forming a magnetic layer over said substrate;
a protective film forming step of forming a hydrocarbon protective film over said
magnetic layer; and
a thin film forming step of forming said thin film using a plasma-converted substance as
a material,
wherein said thin film forming step forms said thin film using material substance
concentratioh means for gathering said plasma-converted substance around said substrate by
generating a magnetic field around said subsirate using a magnet having a maximum snergy
product of 1.0 fo 50 MGOe, the magnst being provided at 2 position facing an oufermost surface
of said hydrocarbon protective film, the outermost surface being opposite of a side of said
hydrocarbon protective film that is closer to said magnetic layer;
and said thin film forming step is a step of introducing nitrogen into a surface of said
hydrocarbon protective film by a piasma CVD method using a nitrogen gas and by applying a
bias voltage to said subsirate, thereby forming a fiim containing the nitrogen at the outermost

surface of said hydrocarbon protective film.
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Effect of the Inveniion
[0035]
Acoording i this invention, for example, it is possible to have a thin fiim

suitably function even when the thickness of the thin film is reduced.

Best Mode for Carrying Out the invention

[o03s]

Hersinbelow, embodiments accarding to this invertion will be described
with reference to the drawings. Fig. 1 shows one example of the structure of 2
magnetic recording medium 10 manufaciured by a magnetic recording medium
manufacturing method according to one embaodiment of this invention. The
magnetic recording medium 10 is a magnetic disk for an LUL system (ramp load

system) HDD, Ths information recording density of the magnetic recarding
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redium 10 is, for example, 60Gbit/inch? or more {e.g. 60 o 100Gbit/inch?).

[0037]

In this exampie, the magnetic recording medium 16 comprises a
substrate 12, an underiayer 14, a magnstic layer 16, a protaciive [ayer 18, and
a2 lubricating layer 20. The substrate 12 is a substrate on which the respective
layers of the magnetic recording medium 10 are laminated. The substrate 12
is preferably & glass substrate such as, for example, an aluminosiiicate
amorphous glass substrate. The underayer 14 is a layer for controliing the
crystal structure of the magnetic layer 16.  The magnetic layer 16 is a magnetic
recording layer adapied to record information.  The subsirate 12, the
undertayer 14, and the magnetic layer 16 may have, for example, the same or
simifar structures as these of a known substrate, underiayer, and magnetic
recording layer.

[0038]

The protective layer 18 is a layer mainly containing carbon and serves
to protect the magnetic layer 18 from impact due to contact with a magnetic
head, and so on.  In this example, the protective layer 18 comprises a
hydrocarbon profective fitm 22 and a nitrogen-containing film 24. The
nydrocarbon protective film 22 is a high-density, high-hardness film mainly
containing diamond-iike carbon. By forming the hydrocarbon protective film 22,
it is possible 1o ensure the wear resistance and sliding properties of the
magnetic recording medium 10.

[0038]

The nitrogen-containing fiim 24 is a film formed by introducing nitrogen
into the cutermost surface of the hydrocarbon protective film 22, The
nitrogen-containing film 24 contains carbon and nitrogen in an atomic ratio
(N/C) of, Tor example, 0.05 to 0.15 and preferably 0.05 to 0.10 and has higher

adhesion to the lubricatling layer 20 than the hydrocarbon protective film 22
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Therefore, by forming the nitrogen-containing film 24, the adhesion between the
protective layer 18 and the lubricating layer 20 can be enhanced.

{00401

The lubricating layer 20 is a layer for reducing interference from a flying
magnetic head and, for example, may be the same as or similar to a known
iubricating layer. The lubricating layer 20 is preferably a layer containing &
perfluoropoiyether compound having a hydroxy! group as a terminal group.
Perfluoropolyethar has a straight-chain structure and exhibits proper iubricating
performance and, by having a hydroxyl group (OH} as a terminal group, it can
exhibit high adhesion performance to the protective fayer 18. Particutarly, in
the structure of this example having the nitrogen-containing film 24 at the
outermost surface portion of the protective layer 18, since {N+) and {OH-) have
high affinity for sach other, it is possibls io obtain high adhesion therebetween,
which is thus preferable.

10041

The atomic ratio (N/C) of nitrogsn to carbon in the nitrogen-cantaining
film 24 can be meésured using, for exampie, an X-ray photoslectron
spectroscopy method (hereinafier referred to as ESCA).  The atomic ratic of
nitrogen to carbori can be derived from the intensity of the Nis spectrum and the
intensity of Cls spectrum measured by the ESCA.  When N/C is less than 0.05,
there is a possibility that the adhesion io the lubricating layer 20 becomes
insufficient.  On the other hand, when N/G exceeds (.18, it is considered that
the thickness of the nitrogen-containing fiim 24 is greater than necessary and
thus the thickness of the hydrocarbon protective film 22 is comrespondingly
smaller. In this cass, thers is a possibilify that the hardness of the protective
layer 18 as a whole decreases, which is thus not preferable.  Accordingly, by
setting N/C to fall within the range of 0.05 o 0.15, the adhesion betwsen the

protective layer 18 and the lubricating layer 20 and the hardness can be
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particularly suitable. i is parficularly preferable that N/C be set in the range of
0.05 to 0.10. With this configuration, the thickness of the nitrogen-containing
film 24 can be further reduced while ensuring necessary adheslon.

{0042]

The magnetic recording medium 10 may be a perpendicular magnetic
recording medium.  in this case, the magnetic recording medium 10 further
comprises, for exampie, an adhesive layer and a soft magnetic layer between
the substrate 12 and the underiayer 14. Further, in this case, the magnetic
recording medium 10 preferably further comprises a coupling coritrof layer and
an exchange energy conirol layer {continuous film layer : coniinuous layer)
between the magneitic layer 16 and the protective layer 18.

[0043}

Fig. 2 is a flowchart showing one example of a method of manutacturing
the magnstic recording medium 10 of this example.  in this example, the
manufacturing method first prepares the subsirate 12 {preparation step 5102)
and then performs formation of the underiayer 14 (underlayer forming step; and
formation of the magnetic fayer 16 (magnetic layer forming step S106) by, for
example, a known magnetron sputtering method, Subsequently, by a method
which will be described in detail hereinbelow, the protective layer 18 is formed
on the magnetic layer 16 (protective layer forming siep S108] and, further, by,
for example, a known dipping method or the like, the lubricating layer 20 is
formed on the protective laver 18 (lubricating layer forming step S5110).

[0044]

Hereinbelow, the protective layer forming step $108 wilt be described in
further detail. i this exampile, the protective layer forming step S108
comprises a hydrocarbon protaciive film forming step S202 and &
nitregenwcantaimng‘ fitm forming step $204.

[0045]
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The hydrocarboen protective film forming step 5202 is a step of forming
the hydrocarbon protective fitm 22 on the magnetic layer 16 and forms the
hyvdrocarbon protective fiim 22 by, for example, a sputtering method or a plasma
CVD method. The hydrocarbon protective film forming step 5202 forms the
hydracarbon protective film having a thickness of, for example, Som or less and
preferably 3nm ot less {e.g. 1 to 3nm). The thickness of the hydrocarbon
protective film 22 is preferably 1nm or more.  If legs than nm, there is a case
where the coverage for the magnetic layar 16 is so small as to be insufficient o
prevent migraiton of metal ions of the magnetic layer 16.  Further, there is a
problem in wear resistance.

{0048)

When forming the hydrocarbon protective fiim 22 by the plasma CVD
method, it is preferable o use only a hydrocarbon gas as a reaclive gas to form
diamond-like carbon.  in the case where another inert gas (e.g. Ar or the like)
or a carrier gas such as a hydrogen gas is mixed with a hydrocarbon gas, such
an impurity gas is introduced into the hydrocarbon protective fiim 22 1o lower the
fitm density, which is thus not preferable.

[0047]

As the reactive gas, it is preferable to use g lower hydrocarbon,
Especially, it is preferable to use a straight-chain lower hydrecarbon such as a
straight-chain iower ssiurated hydrocarbon or a straight-chain lower
unsaturated hvdrocarbon. As the straight-chain fowsr saturated hydrocarbon,
use can be made of methane, ethane, propans, butane, octang, or the like. As
the straight-chain lower unsaturated hydrocarbon, use can be made of ethylene,
propyleng, butylene, acatylens, or the like. The lower hydrocarbon referred to
herein represents a hydrocarbon having a carbon number of 1 1o 10 per
motecuie. The reason why it is preferable to use the straight-chain lowear

hydrocarbon is that as the carbon number increases, it becomes difficult to
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supply a hydrocarbon {o a film forming apparatus as a vaporized gas and,
further, it becomes difficult to achieve decomposition thereof during plasma
discharge. Further, as the carbon number increases, high-molecular
hydrocarbon componenis tend (o be contained in large cuantities as
components of a formed protective layer so that the fineness and hardness of
the hydrocarbon protective fiim 22 desrease, which is thus not preferable.
Further, in the case of a cyclic hydrocarbon, it is difficult to achieve
decomposition thereof during plasma discharge as compared with the
straight-chain hydrocarbon, which is thus not preferable.  In view of the above,
i is particularly preferable to use the siraight-chain lower hydrocarbon as a
hydrocarbon.  Especially, if ethylene is used, it is possible to form a fins hard
protective fayer, which is thus particularly preferabie.

0048}

Further, the hydrocarbon protective film forming step S202 preferably
forms the hydrocarbon proteciive film 22 by applying a bias voltage of -50V to
-400V {0 the substrate 12. I less than -50V, the effect of applying the bias
yoltage is not sufficient. On the other hand, if a bias voltage exceeding -400V
is applied, arcing occurs due to the application of excessive energy to the
subsirate to cause particles or contamination, which is thus not preferables.

[0049]

The nitrogen-comaining film forming step 5204 is a step of introducing
nitrogen info the surface of the hydrocarbon profeciive film 22 by a plasma CVD
method using a nifrogen gas. By this, the nifragen-containing film forming step
5204 changes the composition of the outermost surface of the hydrocarbon
protective fiim 22, thereby forming the nitrogen-containing film 24 containing
nitrogen at the cutermaost surface of the hydrocarbon protective film 22. By the
formation of the nitrogen-containing film 24, the thickness of the hydrocarbon

protective film 22 decreases corresponding to the thickness of the cutermost
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surface that has become the nitrogen-containing film 24.

[0050]

Fig. 3 shows one example of a film forming method in the
nitrogen-containing fitm forming step S204.  In this example, the
nitrogen-containing fitm forming step 8204 is one example of a thin film forming
step that forms a thin film using a plasma-converied substance as a material,
wherein the nitrogen-containing film 24 is formed using a materiat substance
concentration means adapted to gather plasma-converted nitrogen around the
substrate 12. Fig. 3(a) is a sectiona! view showing the positional relationship
between the subsirate 12 formed with up to the hydrocarbon proteciive film 22
and & material substance concentration means 3C.  Fig. 3(b) is a fop view
showing the malin surface of the hydrocarbon protective film 22.

{0051}

The material substance concentration means 30 is & magnet serving to
generate a magnetic field (external magnetic field) around the substrate 12 and
gathers plasma-converted nitrogen around the substrate 12 by an
electromagnedic force.  The magnet used as the material subsiance
concentration means 30 is 2 magnet having 2 maximum energy produdt (BH)
max of 1.0 to 50MGOe, preferably 19 to 470MG0Oe, and more preferably 37 i
47MGOe. As such a magnet, use can be made of, for example, a ferrite
magnet having a maximum energy product (BH) max of, for example, 1.0 o
4.0MGOe, an Alfiico magnet having a maxirnum energy product (BH) max of,
for example, 4.5 to 5.5MG0e, a samarium coball magnet having a maximum
energy product {BH} max of, for example, 19 to 28MGOe, a necdymium magnet
having a maximum energy product (BH) max of, for exampile, 37 to 47MG0Oe,
an electromagnet, or the like. In this example, the material substance
concentration means 30 is a doughnut-shaped magnet having a circular hole at

its cenfral porfion.  The material substance concentration means 30, being
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provided at a position where its main surface faces the hydrocarbon protective
film 22, generaies magnetic fines of force extending in radial directions of the
substirate 12 over the hydrocarbon protective film 22.  With this configuration,
plasma-converted nitrogen being a material of the nitrogen-containing film 24 1o
be formed on the hydrocarbon profective film 22 (see Fig. 1) can be properly
concentrated over the hydrocarbon protective film 22,

f0052)

Further, in this example, the nitrogen-containing film forming step 5204
applies an RF bias o the subsirate 12. This makes it possible o generate 2
high-frequency electric field around the substrate 12 to thereby convert nitrogen
into a plasma. Further, the plasma-convetted nifrogen can be attracted to the
subsirate 12. Further, by moving the plasma-converted nitrogen in & fixed
direction by a force dus to the bias voltage, it is possible to control the direction
of the electromagnetic force which the nitrogen receives from the magnstic field
generated by the material substance concantration means 30.  Thus, with this
configuration, the plasma-converted nitrogen can be more properly
concentrated around the subsirate 12,

{6053}

The power for the RF bias is preferably set to 400W orless. [fthe RF
bias is applied with a power exceeding 400W, there is a possibifity of
cccurrence of damage or the iike to the subsirate 12.

[0054]

Herein, if the power is oo small, there is also a possibility that the
nitfrogen-containing film 24 cannot be properly formed, However, according to
this example, the power raguired for the RF bias can be reduced by generating
the magnetic fieid using the material substance concaniration means 30. For
example, if use is made of the material substance concentration means 30

adapted io generate a magnietic Tield by a samarium coball magnet, the power
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for the RF bias may be, for example, 300 to 350W. On the other hand, fuse is
made of the matetial subsiance concantrafion means 30 adapied o generate a
magnetic field by a neodymiurm magnst, the power for the RF bias may be, for
example, 50 to 200W and preferably 50 to 100W.

{0055} _

With the above configuration, for example, it is possible to improve the
kinetic energy of particles of plasma-converied nitrogen impinging on the
surface of the substrate 12 and thus fo introduce a sufficient amount of nitrogen
mto the nitrogen-containing film 24 1o be formed at the outermost surface of the
hydrocarbon protective film 22, Therefore, according to this example, itis
possible o form the nitrogen-containing film 24 that exhibits high adhesion even
if the thickness thereof is reduced. This makes it possible to reduce the
thickness of the entire protective layer 18.  Therefore, according to this
exampie, for example, even if the thickness of the protective layer 18 is set o
5nm or less, the durability, particularly the refiability characteristics, of the
protective layer 18 can be made excelient.

[0056]

in this example, the film forming method using the material substance
concentration means 30 is used oniy in ite nitrogen-containing film forming step
S204. However, this film forming method is aiso applicabie to another step as
long as it is a step of forming a thin fiim using a plasma-converied substance as
a material.

[0057]

For exampie, the hydrocarbon protective film forming step S202 is a
step of forming the hydrocarbon proteciive film 22 by the plasma CVD method
using the hydrocarbon gas and thus is considered 10 be carried aut by the fitm
forming method using the material substance concentration means 30. in this

case, the material subsiance concentration means 30, for example, generates a
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magnetic fieid around the substrate 12 to gather plasma-converied carbon
around the substraie 12 by an electromagnetic force.  The other conditions in
the hydrocarbon protective fiim forming step 5202 may be, for exampile, as
described with reference to Fig. 2.  On the other hand, the bias voltage applied
io the substrate 12 may be an RF bias.

[0058]

With this configuration, the plasma-converied carbon being a material of
the hydrocarbon protective fijm 22 can be concentrated around the subsirate 12.
Further, by improving the kinetic energy of particles af the plasma-converted
caroon impinging on the surface of the substrate 12, the hydrocarbon protective
film 22 can be formed as a finer film.  This makes it possible to form the
hydrocarbon protective film 22 having higher density and higher hardness.
Therefore, for example, aven if the thickness of the hydrocarbon proteciive film
22 is reduced, it is possible {0 ensure the required wear resistance and stiding
properties.  This makes it possible o properly reduce the thickness of the
enfire protective layer 18,

10059}

Hereinbelow, this invantion will be described in further detail with
reference fo Exampies and Comparalive Example. In each of the following
Examples and Comparative Example, a plurality of magnetic recording media
were fabricated while changing the thickness of a protective layer and an RF
bias applied to a substrate in a nitrogen-containing film forming step,

[0060]

{Example 1)

A magnetic recording medium according to Example 1 was fabricaied in
the following manner. The magnetic recording medium according fo Example
1 is a perpendicular magnetic recording medium and comprises a substrate, an

adhesive layer, a soft magnetic layer, an undetlayer, a magnetic recording laysy
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{magnetic layer), a coupling control layer, an exchange energy conirol layer, a
protective tayer, and a lubricating layer.

[0061]

First, a glass substrafe was prepared in a preparation step. inthe
preparation step, first, an amorphous aluminosificate giass was molded info a
disk shape by direct press, thereby producing a giass disk. This glass disk
was ground, polished, and chemically strengthened in sequence, thereby
obizining a smooth nonmagnetic glass substrate in the form of a chemically
strengthened glass disk. it was a 2.5-inch magnefic-disk substrate with a
substrate diameter of 65mm, an inner diameter of 20mm, and a disk thickness
of 0.635mm. The surface roughness of the obtained glass subsirate was
chserved by an AFM {atomic force microscope) and it was confimediobe a
smooth surface with Rmax of 1.2nm and Ra of 0.76nm.

[00821

Using an evacuaied film forming apparatus, the layers from the
adhesive layer to the exchange energy control layer were formed in sequence
on the obtained substrate in an Ar atmosphere by a known DC magnetron
sputiering method and then the protective layer was formed by a CVD method.
Thereatter, the lubricating layer was formed by a dip coating method.
Hereinbelow, the structures and manufacturing methods of the respective layers
will be described.

[0063]

The adhesive layer was formed using a Ti-alloy targetso astobe a
Ti-alloy laysr of 10nm. By forming the adhesive layer, the adhesion between
the substrate and the soit magnetic layer can be improved and, therefore, it is
pussitle to prevent stripping of the solt magnetic layer.  As a maternial of the
adhesive layer, use can be made o, for example, a Ti-cortaining maierial. In

terms of practical use, the thickness of the adhesive layer is preferably set to 1
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o 50nm.

[o064]

The soft magnetic layer was formed using a CoTaZr target so as to be
an amorphous CoTaZr layer of 50nm. The underiayer is made of Bu and is
formed for improving the crystal orientation of the magnetic recording fayer.
Using a hard magnetic target made of CoCrPt and Si0; as an example of
nonmagnetic substance, a layer with an hep crystal structure of Tinm was
formed as the magnetic recorging layer.  As the coupling control layer, 2 Pd
{paliadium) iayer was formed, The coupiing control iayer can be formed by a
Pt layer instead of the Pd fayer. The thickness of the coupling confrol layer is
preferably 2nm or less and more preferably 0.5 o 1.5nm.  The exchange
energy control layer was in the form of alternately laminated films of CoB and
Pd and was formed in a low Ar gas atmosphere.  The thickness of the
exchange energy control layer is preferably 1 10 8nm and more preferably 3 to
6nm.

- [0065)

Subsequently, in a hydrocarbon proteciive fiim forming step in a
protective layer forming step, a hydrocarbon protective film was formed by a
plasma CVD method while applying a bias of -300V in a mixed gas containing
30% hydrogen in Ar at & pressure where the vacuum was sef to 1Pa. In
Example 1, there ware formed hydrocarbon protective films whose thicknesses
before forming nfirogen-coniaining films were set o 4.0nm and 5.0nm,
respectively. Accordingly, in Example 1, the thickness of the protective laver
was 4.0nm or 5.0nm.

[0066]

Then, a nitrogen-coniaining fiim forming step was carried out using a
material substance concentration means adapted to generate a magnatic field

by a ferrite magnet.  In this step, a nitrogen-containing film was formed by
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generating a plasma while introducing only a nitrogen gas and adjusfing the
vacuum fo 3Pa, and at this pressure, exposing the hydrocarbon protective film
{0 a nitrogen atmosphere to perform a surface ireatment.  The power for RF
bias applied to the substrate was set to 300W or 400W. By this, there was
formed the protective layer having the hydrocarbon proteciive film and the
nitrogen-containing fiim.

[0067]

Then, the iubricating iayer made of a PFPE {perfluoropolyether)
compound was formed by a dipping method on the protective layer having been
subjected to ultrapure water and IPA cleaning.  in the manner described above,
magnetic recording media according to Example 1 were fabricated.

[0068]

{(Example 2)

Magnetic recording media according to Example 2 were fabricated in
the same manner as in Exampie 1 except that a material substance
concentration means adapted o generate a magnetic fisld by an Alnico magnet
was used in the nitrogen-centaining film forming step.

{0068]

{Exampie 3)

Magnetic recording media according to Example 3 were fabricated in
the same mannar as in Example 1 except that, in the hydrocarbon protective
film forming step, there wers formed hydrocarbon protective films whose
thicknesses before forming nifrogen-containing fitms were set to 3.0nm, 3.5nm,
4.0nm, and 5.0nm, respectively, and in the nitregen-containing film forming step,
use was made of a material substance concentration means adapted fo
generate a magnetic field by a samarium cobalt magnet and the power for RF
bias applied to a substrate was set to 200W, 300W, or 400W,

10070]
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{Example 4}

Magnetic recording media according to Exampie 5 were fabricated in
the sams manner as in Example 1 except that, in the hydrocarbon protective
fiim forming step, there were formed hydrocarbon protective films whose
thicknesses before forming nitrogen-containing films were set {o 2.5nm, 3.0nm,
3.5nm, 4.0nm, and 5.0nm, respectively, and in the nitrogen-containing film
forming step, use was made of a material substance concenfration means
adapted to generate a magnetic field by a neodymium magriet and the power
for RF bias applied to a substrate was set to 50W, 100W, 200W, 3060W, or
400W.

10071}

(Comparative Example 1)

Magnetic recording media according o Comparative Example 1 were
fabricated in the same manner as in Example 1 except that, in the
nitrogen-containing film forming step, no material substance concentration
means was used and the power for RF bias applied to a subsirate was set to
W, 200W, 300W, 400W, or BODW.

10072]

{Evatuation)

Various performances of the magnetic recording media obfained in the
Examples and Comparative Example were svaluated and analyzed as follows.

[0073]

{1) Atomic Ratio (N/C}

During fabrication of the Examples and Comparalive Exampie, the
atomic ratic (N/C} of nitrogen/carbon in the nitrogen-containing fitms was
measured by the ESCA after forming the protective layers. The measurement
conditions of the ESCA analysis were as follows.

Apparatus : Quantum2000 manufaciured by ULVAC-PHI, Incorporated
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X-ray Excitation Source ; Al-Ku fine (1486.6eV)
X-ray Source : 20W

Analysis Chamber Vacuum : <2x107Pa

Pass Energy ;: 117.5eV

Photoelectron Detection Angle : 45°
Measurement Object Peak : Cls, Nis

Analysis Regior : 100imeg

Number of Times : 10 times

[0074}

{2} LUL Durability Test

An LUL durability test was performed using a 2.5-inch HDD adapted to
rotate at 5400rpm and a magnelic head with a flying height of 10nm.  An NPAB
{negative pressure type) slider was used as g slider of the magnetic head and a
TMR element was used as a reproducing element.  The magnetic recording
medium was mounted in this HDD and the LUL operations were continuously
repeated using the above magnetic head. The LUL durability was evaluated
hy measuring the number of LUL times endured with no occurrence of failure of
the HDD. The test was performed in an environment of 70C/80%RH.  This
condition is more severe than a normal HDD operating environment. This is
for more accurately judging the durability/reliabifity of the magnetic recording
medium by performing the test in the environment assuming HDDs for use in an
 application such as car navigation.

10075}

Normally, in the LUL durabiiify test, it is requirad that the number of LLIL
times exceeds 400,000 times continuously with no failure. 1t is reported that, in
the normal HBD using environment, use for about 10 years is necessary for the
number of LUL times to excesd 400,000 times.

[0076]
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Tabies 1 o 3 show the results of the above evaluation.

[Table 1}
Kind of | Thickness of .
Wiagnet Profective B‘?gs ng&gr:%lgggon LUL Endurance
{BHymax fayer Wi (N/C) Cycles
IMGQOe] [nm]
100,000 cycles
5.0 300 0.035 or less
Example | ferrite 1,000,000 cycles
1 1.0-4.0 5.0 400 0.093 of more
550,000 cycles
4.0 400 0.112 or Ioss
50 300 0.044 400,000 cyclas
Exampie | ainico - 1,000,600 cycies
2 4.5-55 50 400 0.085 or more
550,000 cycles
4.0 400 0.114 or lass
50 200 0.041 500,000 cycles
1,000,000 cycles
5.0 360 £.085 of more
. 1,000,000 cycles
Example igg:{sum 5.0 400 Q.113 of more
3 N 1,000,000 cycles
18-28 4.0 400 0.130 of more
1,000,000 cycles
3.5 400 0.150 of mora
550,060 oycles
3.0 400 0.181 of less
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[Table 2]
iKind of Thickness of N
Magnet | Protective §§S N’gggﬁg %aa?;n LUL Endurarice
{BHymax Layer W] (N/C) Cycles
S e ' 060,650 cycl
1,000,000 cycles
50 50 0.048 of more
5.0 100 0.064 1,000,000 cycles
1,000,000 cycles
5.0 200 0.115 of more
5.0 309 0.176 400,000 cycles
Example | necdymiurm 5.0 400 0.208 : m{;}{;g?azfdef
4 37-47 1,000,000 cycies
-0 100 0.077 or mote
1,000,000 cycles
3.5 100 0.088 oF more
771,000,000 oycies
3.0 100 0.120 or more
1,000,000 cycies
23 100 0.149 or mote
1,006,000 cycies
23 50 0.109 or more
[Table 3]
Kind of |} Thickness of | ge | nirogen/Carbon LUL
gﬁgnﬂj; Prg;eztive Bizs Atomic Ratio Endurance
e y W] {N/C) Cycles
5.0 200 0.005 ;ﬁ;*:f;‘:?wate‘y
Commpara- 5.0 300 0.033 3?&230 cycles
five
Example | 07 50 400 0.088 lfggf;m cycles
1 500
5.0 --»gubsirate
damaged
4.0 400 0.106 ?82%,090 cycles or
[60777

With respect to the Examiples and Comparative Example, a comparison

was made between the atomic ratios (N/C) of nitrogen to carbon for the same
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thicknass of the protective layers and the same RF bias and it is seen that the
atomic ratio (N/C) is greater in each of the Examples where the material
substance concentration means is used, than in the Comparative Example.
Therefore, it is seen that nitrogen was efficiently introduced into the
nitragen-containing film at the outermost surface of the protective layer by the
use of the material substance concentration means.

10078}

Further, in each of the Exampies, 1,000,000 or more LUL times were
realized by selecting the thickness of the proteciive layer and the RF bias
condition. Particularly, in Examples 3 and 4, 1,000,000 or more LUL fimes
were realized even when the RF bias was set smaller than that in the
Comparative Example. 1t is considered that when the RF bias is smaller, the
thickness of the nifrogen-containing film is reduced.  Accordingly, from this, it is
seen that the lubricity to the lubricating layer is ensured even when the
thickness of the nitrogen-containing film is reduced.

[0079]

Further, for exampie, when use is made of a magnet having a maximum
energy product (BH) max of 19 to 28MG0e as in Exampile 3, it is sgen that the
RF bias is preferably set to 300 to 400W. On the other hand, when use is
made of a magnet having a2 maximurmn energy product (BH) max of 37 to
47MGE0e as in Exampile 4, it is seen that the RF bias is preferably setto 50 o
200W. |

[6680]

Further, in Examples 3 and 4, 1,000,000 or more LUL times were
realized even when the thickness of the protective layer was reduced as
compared with the Comparative Example. Pariicularly, in Exampie 4,
1,000,000 or more LUL fimes were realized sven when the thickness of the

protective fayer was set {o 3nm or less (2.5 to 3nm).
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[00B1)

In the Comparative Exampie, when the RF bias power was set to 500W,
the substrate was damaged and it was not possible to {abricate a magnetic
recording medium.  Although not describad above, this also applies to each of
the Examples when the RF bias power is set to S00W or more.

10082]

Further, in Comparative Example 1, when the RF bias power was set to
OW or 200W, the HDD failed immediately after the start of the LUL durabiiity test.
This also applies to each of the Exampies when the RF bias power is sef to OW.

jo08a]
{Example 5}

An amorphous aluminesilicate glass is molded into a disk shape by
direct press, thereby producing a glass disk. This glass disk is ground,
polished, and chemically strengthened in sequence, theraby obtaining a smooth
nonmagnetic disk substrate in the form of a chemically strengthened giass disk.
Itis a 2.5-inch magnetic-disk substrate with a glass substrate diameter of 85mim,
an inner diameter of 20mm, and g disk thickness of 0.635mm. The surface
roughness of the obtained glass subsirate is such that when observed by an
AFM {atomic force microscope}, it is 2 smooth surface shape with Rmax of
2.18nm and Ra of 0.18nm. Rmax and Ra follow Japanese industrial Standard
(JIS).

Then, an adhesive laver 112, a soft magnetic layer 114, an orientation
control layer 116, an underiayer 118, a first onset layer 120, a second onset
layer 122, and a main recording iayer 124 are formed in sequence on the disk
substrate 110 by DC magnetron sputiering {(see Fig. 4).

First, the adhesive layer 112 is formed using a CrTitarget so astobe a
CrTilayer of 1Dnm.

Then, soft magnetic layers 114a and 114c are each formed so as to be
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an amorphous FeCoTaZr layer of 15nm. Further, a Ru layer of 2nm is formed
as a first nonmagnetic spacer fayer 114b.

Then, on the sofi magnetic layer 114, there are formed, in sequence,
the orientation contral layer 116 of 10nm made of NIW, underlayers 118a and
118b each having a thickness of 10nm and made of Ru {film formation is
performed so that the film forming gas pressure for the Ru layer as the
underlayer 118a is set smatler than that for the Ru layer as the underiayer 118b},
the first onset layer 120 of 1.0nm made of CoCr-Si0s, the second onset fayer
122 of 3nm made of CoCrPt-Cry0s, the main recording laver 124 of
CoCrPt-TiQs, a continuous layer 128, and a medium protective layer 128,

The onset layers 120 and 122 are nonmagnetic granular layers. By
forming the nonmagnetic granular layers on an hep crysial structure of the
underiayer 118 and growing a granular layer as the main recording layer 122
thereon, there is a function of separating the magnetic granular layer from the
iniial stage {rising).

The main recording layer {granular fayer) 124 is formed using a hard
ragnetic target of 8nm made of hep crystal structure CoGrPEI-TIO,.  Further,
the continuous fayer 126 is formed using a CoCrP1tB target of 7.5nm (see Fig.
43,

[0084]

Subsequently to the continuous layer 128, the medium proteciive layer
128 is formed in the following steps.

First, in & hydrocarbon protective film forming step in a protective layer
forming step, a hydrocarbon protective film was formed by a plasma CVD
method while applying a blas of -300V in & mixed gas containing 30% bhydrogen
in Ar at a pressure where the vacuum was setto 1Pa.  In Example 5, there
were formed hydrecarbon protective films whose thicknesses before forming

nitrogen-containing fiims were set to 4.0nm and 5.0nm, respectively.
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Accordingly, in Example 5, the thickness of the protective layer was 4.0nm or
5.0nm.

Then, a nitrogan-containing film forming step was carried ou using a
material substance concentration means adapted o generate a magnetic fisld
by a ferrite magnet.  In this step, a nitrogen-containing film was formed by
generating a plasma while introducing only a nitrogen gas and adjusiing the
vacuum to 3Pa, and at this pressure, exposing the hydrocarbon protective film
ic a nitrogen atmosphere to periorm a surface reattment.  The powaer for RF
bias applied to the substraie was set to 300W or 400W. By this, there was
formed the protective layer 128 having the hydrocarbon protective film and the
nitrogen-coniaining ﬁitn.

[0085]

Then, a lubricating layer made of a PFPE (perfiuoropolyether}
compound was formed by a dipping methad on the protective layet having been
subjected to ultrapure water and IPA cleaning (see Fig. 4). The thickness of
the lubricating layer was Tnm.

in the manner described above, perpendicuiar magnetic recording
media according to Example 5 were fabricated.

[o08s]

Various performances of the magnelic recording media obtained in
Example 5 were evaluated and analyzed in the same manner as in Example 1.

As z result, it was confirmed that the same evaluation results as those
in Example 1 were oblained, Specifically, with respect to Example 5 and the
Comparaiive Example, a comparison was made between the atomic ralios
{N/C) of nitrogen to carbon for the same thickness of the protective layers and
the same RF bias and {t was confirmed that the atomic rafio (N/C) was greater
in Example § where the material substance concentration means was used,

than in the Comparative Example, From this, It was confirmed that nitrogen
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was efficiently introduced info the nitrogen-containing film at the outermost
surface of the protective faver by the use of the material substance
conceniration means. Further, in Example 5, 1,000,000 or more LUL times
were realized by selecting the thickness of the protective layer and the RF bias
condifion,

10087]

While this invention has been described with reference 1o the
embodiments, the technical scope of the invention is not limited to the scope of
the description of the above embodiments. it is obvious to a person skilled in
the art that various changes or improvements can be added to the above
embodiments. t is clear from the scope of claims that the modes added with
such changes or improvements can also be included in the technicé! scope of
this invention,
industrial Applicabitity

[0088]

This invention is suitably applicable to, for example, a magnetic
recording medium manufacturing method.

Brief Dascription of the Drawings

{0089]

Fig. 1 is a diagram showing one example of the structure of a magnetic
recording medium 10 manufactured by a magnetic recording medium
manufacturing method according to one embodiment of this invention,

Fig. 2 is a flowchart showing one example of a method of manutacturing
the magnetic recording medium 10 of this example.

Fig. 3 is a diagram showing one exampie of a film forming method in a
nitrogen-containing film forming step 8204, wherein Fig. 3{a) is a sectional view
showing the positional relationship between a substrate 12 formed with up to a

hydrocarbon proteciive film 22 and a materal substance concentration means
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30 and Fig. 3(b) is a top view showing the main surface of the hydrocarbon
protactive film 22.

Fig. 4 is a diagram showing one example of the structure of a magnetic
recording medium manufactured by a magnetic recording medium
manufacturing method according to another embodiment of this invention,
Description of Symbols

{0090}

10 - magnetic recording medium, 12 - substrate, 14 - underlayer, 16
magnetic layer, 18 - protaciive layer, 20 - lubricating taver, 22 -~ hydrocarbon
protective film, 24 --- nitrogen-containing film, 30 - material substance

concentration means
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CLAIMS

1. A magnetic recording medium manufacturing method of forming a thin film over a subsirate,
said magnetic recording medium manufacturing method characterized by comprising

a magnetic layer forming step of forming a magnetic layer over said substrate;

a protective film forming step of forming a hydrocarbon protective film over said
magnetic layer; and

a thin film forming step of forming said thin film using a plasma-converted substance as
a material,

wherein said thin film forming step forms said thin film using material substance
concentration means for gathering said plasma-converted substance around said substrate by
generating a magnetic field around said substrate using a magnet having a maximum energy
product of 1.0 to 50 MGOe, the magnet being provided at a position facing an outermost surface
of said hydrocarbon protective film, the outermost surface being opposite of a side of said
hydrocarbon protective film that is closer to said magnetic layer;

and said thin film forming step is a step of introducing nitrogen into a surface of said
hydrocarbon protective fiim by a plasma CVD method using a nitrogen gas and by applying a
bias voltage to said substrate, thereby forming a film containing the nitrogen at the outermost

surface of said hydrocarbon protective film.

2. A magnetic recording medium manufacturing method according to claim 1, characterized in
that said thin fiim forming step applies an RF bias with a power of 400 W or less fo said

substrate.

3. A magnetic recording medium manufacturing method according to claim 1, characterized in
that said protective film forming step forms said hydrocarbon protective fitm having a thickness
of 5 nm or less, and said thin film forming step forms the film containing the nitrogen wherein an

atomic ratio (N/C) of nitrogen to carbon at the outermost surface is 0.05 to 0.15.

4. A magnetic recording medium manufacturing method according to claim 1, wherein said
protective film forming step forms said hydrocarbon protective film over said magnetic layer by a

plasma CVD method using a hydrocarbon gas.
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8. A laminate manufacturing method of forming a thin film over a substrate, said laminate
manufacturing method characterized by comprising:

a magnetic layer forming step of forming a magnetic layer over said substrate;

a protective film forming step of forming a hydrocarbon protective film over said
magnefic layer; and

a thin film forming step of forming said thin film using a plasma-converted substance as
a material,

wherein said thin film forming step forms said thin fiim using material substance
concentration means for gathering said plasma-converted substance around said substrate by
generating a magnetic field around said substrate using a magnet having a maximum energy
product of 1.0 to 50 MGOe, the magnet being provided at a position facing an outermost surface
of said hydrocarbon protective film, the outermost surface being opposite of a side of said
hydrocarbon protective film that is closer to said magnetic layer;

and said thin film forming step is a step of introducing nitrogen intc a surface of said
hydrocarbon protective film by a plasma CVD method using a nitrogen gas and by applying a
bias voltage to said substrate, thereby forming a film containing the nitrogen at the outermost

surface of said hydrocarbon protective film.
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METHCD FOR MANUFACTURING MAGHNETIC RECORDING MEDIUM AND
METHOD FOR MANUFACTURING LAMINATED BODY

ABSTRACT

[PROBLEMS] To have a thin film suitably function even when the thickness of the
thin filr is reduced. [MEANS FOR SCLVING PROBLEMS] Provided is a method for
manufaciuring a magnetic recording medium by forming a thin film on a substrate
(12). The method is provided with a thin film forming step of forming the thin film by
using a substance brought into the plasma state as a material. In the thin film forming
step, the thin film ig formed by using a material subsiance gathering means (30) for
gathering the substance brought info the plasma state to the periphery of the
substrate. The material substance gathering means (30} gathers the substance
brought infio the plgsma state, for instance, to the periphery of the subsirate (12) by
generating a maghetic field at the periphery of the substrate (12).

Fig. 3



