DESCRIPTION MAGNETIC RECORDING MEDIUM AND METHOD OF
MANUFACTURING A MAGNETIC RECORDING MEDIUM Technical
Field [0001] The present invention relates to a magnetic recording
medium and a method of manufacturing a magnetic recording medium.
Background Art [0002] Recent proposals have been made about DTR
(discrete track recording) media having a patterned magnetic recording
layer, patterned (bit patterned) media, and other magnetic recording
media for magnetic disks for HDDs (hard disk drives) or the like. In such
magnetic recording media, the méghetitirédohding layer is patterned by
lithography, etching, or the like. As a technique of forming a resist pattern
in lithography, proposal is made of a method using an imprinting mold (for

example, see Retent Bocymentdndf0@3he piBmwpesalybavecaiso been
made about methods which do not use lithography, etching, or the like.

For example MaNedrtd b idBited MAGHEEE (§idRERRRBING MR Wéthod

in which grooves are formed on a surface of a disk body in a
circumferential direction by pressing the disk body (for example, see
Ptemtifoctignent 2).

[0001]
The present invention relates to a magnetic recording medium and a

method of manufacturing a magnetic recording medium.

Background Art
[0002]

Recent proposals have been made about DTR (discrete track recording)
media having a paiterned magnetic recording layer, patterned (bit patterned)
media, and other magnetic recording media for magnetic disks for HDDs (hard
disk drives) or the like, In such magnetic recording media, the magnetic
recording layer is patterned by lithography, etching, or the like. As a technigue
of forming a resist pattern in lithography, proposal is made of a method using an
imprinting mold (for example, see Patent Document 1).

[0003]

Froposals have also been made about methods which do not use
lithography, etching, or the like. For example, as regards a coated magnetic
disk, there is known a method in which grooves are formed on a surface of a
disk body in a circumferential direction by pressing the disk body (for example,
see Patent Document 2).

Patent Document 1; JP-A-2006-127530

Patent Docurnent 2: JP-A-H5-334666



Patent Document 1: JP-A-2006-127590 Patent Document 2:
JP-A-H5-334666 2 Disclosure of the Invention Problems to be Solved by
the Invention [0004] However, in those methods using lithography,
etching, or the like, a substrate must be subjected to a complicated
process. Therefore, mass production of magnetic recording media
encounters some problems, for exampl, prolonged process time and
increased cost. [0005] In existing methods, a step of patterning a
magnetic recording layer (a discrete processing step) must be performed
iRigrBanidelef 6hfomaatgidhe layers of a magnetic recording medium, for

ample, aft rt%zjlor tion of the magnetic recording layer and before
t éo%ﬁlérﬂ?t?gn o Hve! g? c%?gni?gﬁgf%erefore, in the middle of forming

thentayers, it is necessary to remove the substrate from a film forming
apparatus, performing the discrete processing step, and then mount the

substrat@ e use filihfeseningtbppatsing dwiararhys ethbikpowriitisirete
asssing ien Janleanty alleels hoss iRl o PrRINgRS prosess
production of magnetic recording media encounters some problems, for
example, prolonged process time and increased cost,

10005]

In existing methods, a siep of patterning a magnetic recording layer (a
discrete processing step) must be performed in the middle of forming the layers
of a magnetic recording medium, for example, after the formation of the
magnetic recording layer and before the formation of the protection layer.
Therefore, in the middle of forming the layers, it is necessary to remove the
substrate from a film forming apparatus, performing the discrete processing
step, and then mount the substrate to the film forming apparatus again. Thus,
the known discrete processing step significantly affects those problems of
prolonged process time and increased cost.

[0006]

For example, in the method disclosed in Patent Document 2, it seems
that the problems of prolonged process time and increased cost are less
significant. However, this method requires softening a magnetic recording layer
by heating and thus cannot easily be applied to widely used thin-film magnetic
disks or the like. The thin-film magnetic disks include, for example, magnetic
disks having a continuous thin-film type magnetic layer formed by vapor
deposition such as sputtering. .
[0007] | |

Under the above-mentioned background, there is a demand for a method

of patterning a magnetic recording layer that is capable of avoiding the



For example, in the method disclosed in Patent Document 2, it seems that
the problems of prolonged process time and increased cost are less
significant. However, this method requires softening a magnetic recording
layer by heating and thus cannot easily be applied to widely used thin-film
magnetic disks or the like. The thin-film magnetic disks include, for
example, magnetic disks having a conttuous thin-film type magnetic layer
formed by vapor deposition such as sputtering. [0007] 3 problems of
prolonged process time and increased cost. In view of the above, it is an
objeckeofishe prekentsin yentiess tonpeavidie recreagaetio secordirgvroetismbove, i
and a method of manufacturing a magnetic recording medium which are
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However, through the extensive research, the present inventors have
found that grooves having a predetermined shape and small in depth as

qqgm@g@r\@igﬂ,m@ {esmigakaemmon sense can appropriately achieve
magnetic separation between recording regions. The present inventors

dl¥fAund that such grooves can be formed in a manner less likely to
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recording layer magnetically combined with the primary recording layer,

FAGHEHE SepRf At haBBREHRMLToIRiM B BRoslesapriadppbaiween
XK INRGRBIC 18K present inventors also found that such grooves can be

formed in a manner less likely io cause the problems of prolonged process time
and increased cost.
[0009]

The present inventors also found that, for example, in case of a CGC
medium, even if grooves are formed at least on a continuous film layer of the
magnetic recording layer constituted by a granular layer and the continuous film
layer, magnetic separation between the recording regions is possible.

Furthermore, the present inventors found that, not only in the CGC
medium, in case where the magnetic recording layer has a primary recording
layer for recording magnetic signals and an auxiliary recording layer
magnetically combined with the primary recording layer, magnetic separation is
possible biy forming grooves at least on the auxiliary magnetic i-;ayer.

The present inventors also found that, in case where a magnetic

recording layer has a granular structure and a magnetic coupling layer (not a



The present inventors also found that, in case where a magnetic recording
layer has a granular structure and a magnetic coupling layer (not a 4
continuous layer but a monolayer) is formed on the magnetic recording
layer to be adjacent thereto, magnetic separation between recording
regions is possible by forming grooves at least on the magnetic coupling
layer. The present invention may have the following structures. [0010]
(Structure 1) A magnetic recording medium comprises a substrate
and a magnetic recording layer formed on the substrate. The magnetic

recoticing taysrhas: pphusality wf iracks mwiichdefine secerdingoegivonsayer to
extending in a scanning direction of a magnetic head and which are ‘
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Tolls | IS.AroVvi i rtion which is
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recordifgdayesantinviiciivextends=alenig st itratks sTrhetgreove portion is
formed so that, in a cross-section of the magnetic recording layer taken
plane perpendicular to the scanning direction, the maximum depth
of the qg%mﬁq&grqi nis in the range of 0.5 to 10 nm with reference to an
average height of the tracks between which the groove portion is
interpogethdfinetaveragetingigreds obtaimed e the subistityte ihe: centerebt
the trackslfn -arvr\fidthwi e direction. In addition, the width of a region of the
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distance between the centers of adjacent ones of the tracks in the
witRhtiseoliraoBanS[001g3d anwithihisae btiargispuysilteinoa direction

appropriatel rform magneti¢c separation between. the tracks. Suck .
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the like. Furthermore, the grooves can be formed even after a protection

|8y e EtHERROIS RSy Mag sitHe sRE RS tevRicangiMgiich extends along the
tracks. The groove portion is formed so thai, in a cross-section of the magnetic

recording layer taken along a plane perpendicular to the scanning direction, the
maximum depth of the groove portion is in the range of 0.5 to 10 nm with
reference to an average height of the tracks between which the groove portion
is interposed. The average height is obtained in the vicinity of the centers of the
iracks in a wigthwise direction. In addition, the width of a region of the groove
portion having a depth equal to or greater than 1/2 of the maximum depth is in
the range of 5 to 30% of a track pitch which is a distance between the centers of
adjacent ones of the tracks in the widthwise direction.
{00111

With this structure, it is possible to appropriately perform magnetic
separation between the tracks. Such grooves can be formed by directly
pressing the magnetic recording layer or an‘- upper layer formed thereon, without
using lithography, etching, or the like. Furthermore, the grooves can be formed

even after a protection layer or the like is formed on the magnetic recording



5 layer. Thus, the grooves can be formed after the layers of the magnetic
recording medium are formed. It is unnecessary to remove the substrate
from a film forming apparatus after the magnetic recording layer is formed.
Moreover, the layers can be formed in a manner same as or similar to the
case where no grooves are formed. Thus, with this structure, a DTR
medium, a patterned medium, or the like can be appropriately formed in a
manner less likely to cause the problems of prolonged process time and
increased cost. [0012]  Also, the grooves having the above-mentioned
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magnetic r INng medaium urther has additiona Iayers, such as a
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layer. For example, the protection layer, lubricant layer, and the like are
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down along the groove portions. With this structure, even when the
dddinorialayersfarithg qalposessather dhanmegpseticaesording are
fﬁ)mﬁgieon the magnetic recording layer, it is possible to properly exhibit
e &ffect of the groove portions related to magnetic properties, such as
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medium is a magnetic disk comprising a disk-shaped substrate and a
rmigreeriiiecaldiyage e poegaiedhwiSupsiears Tatrormatgtic disk,
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Therefore, a DTR medium, a patterned medium, or the like can be formed with
high accuracy.

[0013]

Herein, the magnetic recording medium further has additional layers,
such as a protection layer and a lubricant layer, formed on the magnetic
recording layer, For example, the protection layer, lubricant layer, and the like
are formed on the entire primary surface of the substrate {o a constant
thickness and, on the groove portions of the magnetic recording layer, sag down
along the groove portions. With this structure, even when the additional layers
for the purposes other than magnstic recording are formed on the magnetic
recording layer, it is possible o properly exhibit the effect of the groove portions
related to magnetic properties, such as improvement of S/N ratio.

[0014]

For example, the magnetic recording medium is a magnetic disk
comprising a disk-shapéd substrate and a magnetic recording layer formed c;n
the subsirate. In the magnetic disk, the cross-section of the magnetic recording

layer taken along a plane perpendicular to the scanning direction is, for example,



a cross-section taken along a plane parallel to the radial direction. [0015]
The surface of the magnetic recording layer is, for example, one surface
more distant from the substrate than the other. The depth of each groove
portion is, for example, a depth observed in a TEM photograph of the
cross-section. The maximum depth of each groove portion is preferably in
the range of 1 to 5 nm and more prefergbly in the range of 3 to 4 nm. In
each groove portion, a region having a depth equal to or greater than 1/2
of the maximum depth has a width preferably in the range of 10 to 15% of

antrackspitehidA0diedn alcHievisinity efrtheicentes efeachiagk.n the

widthwise direction is, for example, a central area of the track having a
Wi8thBin the range of 5 to 10% of the track pitch. The average height
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substrat_e.*OOl?] When the magnetic recording medium is a patterned
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of the groove portions formed between the tracks. [0018] (Structure 2)
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crystal axis in a direction pérpendicular to a primary surface of
$00%thte as 7

The vicinity of the center of each frack in the widthwise direction is, for
example, a central area of the track having a width in the range of 5 to 10% of
the track pitch. The average height obtained in the vicinity of the centers of the
tracks in the widthwise direction is, for example, the average of heights with
respect to a predetermined reference plane parallel 1o the primary surface of the
subsirate.

[0017)

When the magnetic recording medium is a patterned medium, the
magnetic recording tayer is provided with not only the groove portions but also
concaved portions, short grooves, or the like for separating bits in each track
from one another. For example, the concaved portions, short grooves, or the
like have a depth similar to that of the groove portions formed between the
tracks.

[0018]

(Structure 2) :

The magnetic recording layer contains magnetic gtiains of a crystal
structure. The magnetic grains under the groove portion have a short crystal

axis in a direction perpendicular to a primary surface of the substrate as



compared with the magnetic grains in the vicinity of the center of each
track in the widthwise direction. With this structure, it is possible to
appropriately form the groove portions having necessary functions in a
DIR medium, a patterned medium, or the like. [0019] For example, the
magnetic recording layer contains magnetic grains of hcp crystals. In this
case, the crystal axis perpendicular to the primary surface of the substrate
is, for example, the c-axis of the hcp crystals. In this case, the magnetic
grains located under the groove portions are grains of the hcp crystals

with; farekanplactheis ceaxey sihartenes as somparedoaiite magneticirack in

rains in the vicinity of the center of each track. [0020 The magnetic
3#@9&%&%@ drRfdiothe GrBbTRSBHIGE Indyerogetiadepipespsaimpiftpm
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track. For example, degraded crystallinity IS an increased variation
oriediatipr Fex Bx@mple, the increased variation of orientation can be
confirmed by increase in measurements of A050. [0021] (Structure 3)

hod of manufacturing a magnetic recording medium comprising a

substrat A i MadRetAeRar RSATQUmEc ORHASSHBBIBIR: grains of

comprises a magnetic recording layer formation step of forming the
rhalgretidatcordihg layee dhaheysiddstride) enprotiéotion fayes fofmatiosurface

step of farming a protection layer on the magnetic recording layer; and a
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towards a primary surface of the substrate to form a groove portion in the
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urality of recording regions in whigch magnetic signals 8 are recorded,
?és?p\gc R}éﬁﬁav%ee?g?r‘l{%'?g%gggpdﬁ]ag&?égions are defined by a plurality of
tragkg]that extend in a scanning direction of a magnetic head,

The magnetic grains located under the groove portions may be degraded
in crystallinity as compared with the magnetic grains in the vicinity of the center
of each track. For example, degraded crystallinity is an increased variation of
orientation. For example, the increased variation of orientation can be confirmed
by increase in measurements of AB50.

[0021]

(Structure 3)

A method of manufacturing a magnetic recording medium comprising a
substrate and a magnetic recording layer formed on the substrate comprises a
magnetic recording layer formation step of forming the magnetic recording layer
on the substrate; a protection layer formation step of forming a protection layer
on the magnetic recording layer; and a pressing step of pressing a non-
recording region of the magnetic recording fayer in a direction from an upper
side of the protection layer towards alprimary surface of the substrate to form a
groove portion in the non-recording region. The non-recording region is

interposed between a plurality of recording regions in which magnetic signals



the pressing step comprising forming the groove portion in a region
between the tracks; the groove portion formed in the pressing step
being formed so that, in a cross-section of the magnetic recording layer
taken along a plane perpendicular to the scanning direction: the
maximum depth of the groove portion js in the range of 0.5 to 10 nm with
reference to an average height of the%racks between which the groove
portion is interposed, the average height being obtained in the vicinity of
the centers of the tracks in a widthwise direction, and the width of a

oo B e g2 S B R T M
distance between the centers of adjacent ones of the tracks in the
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can be magnetically separated, for example, by the groove portions
ORI 1O AcB R TUh  CURAHB Y S BT R Helhiicd on between
th tipa terned medium, or the like is appropriately formed. [0023] Itis
€ posed that the groove portions are formed not by pressing but, for
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the maximum depth of the groove portion is in the range of 0.5 to 10 nm with
reference to an average height of the tracks between which the groove portion is
interposed, the average height being obtained in the vécinity of the centers of the
tracks in a widthwise direction, and

the width of a region of the groove portion haviné a depth equal or greater
than 1/2 of the maximum depth is in the range of 5 to 30% of a track pitch which is a
distance between the centers of adjacent ones of the tracks in the widthwise
direction.

[0022]

With this structure, the recording regions can be -magnetically separated, for
example, by the groove portions formed in non-recording regions. Consequently, a
DTR medium, a patterned medium, or the like is appropriately formed.

[0023]

It is supposed that the groove portions are formed not by pressing but, for

example, by cutting the magnetic recording layer. In this case, in order to form the



[0024] On the other hand, according to the Structure 3, the groove
portions can be appropriately formed even after the protection layer is
formed. Therefore, the substrate need not be removed from a film forming
apparatus after the magnetic recording layer is formed. Thus, with this
structure, a DTR medium, a patterned medium, or the like can be formed
in a manner less likely to cause the pggblems of prolonged process time
and increased cost. [0025] The magnetic recording layer may be
further provided with an additional layer, such as a lubricant layer, formed
on the protection layer. In this case, in the pressing step, non-recording

grodeSignaimY depressRi-fiam AbURRebRIgeT ihesprelectaly imeriignetic
pressing the protection layer from an upper side of the additional layer

recofeimeheartheirisetienayseilI0RR(SHustuse 4)djeetptactiamiigyelowever,

comprises a diamond-like carbon film. The 9 diamond-like carbon film is,

the pesexaBplayarGarhenkarethiirsibayimgisudiatnend-like structure. The
diamond-like carbon film may additionally contain, for example, hydrogen,

[0024jtrogen, and the like. [0027]

On the other hand, according to the Structure 3, the groove portions can be
appropriately formed even after the protection layer is formed. Therefore, the
substrate need not be removed from a film forming apparatus after the magnetic
recording layer is formed. Thus, with this structure, a DTR medium, a patterned
medium, or the like can be formed in a manner less likely to cause the problems of
prolonged process time and increased cost.

[0025]

The magnetic recording layer may be further provided with an additional layer,
such as a lubricant layer, formed on the protection layer. In this case, in the pressing
step, non-recording regions may be pressed from an upper side of the protection
fayer by pressing the protection layer from an upper side of the additional layer
formed on the protection layer.

[0026]

(Structure 4)

The protection layer comprises a diamond-iike carbon film. The



The diamond-like carbon film is very hard. However, with the Structure 4,
even if such a protection layer is used, the groove portions can be
appropriately formed after the protection layer is formed. [0028] (Structure
5) The method further comprises a lubricant layer formation step of
forming a lubricant layer on the protection layer. The pressing step
comprises pressing the non-recording rggion from an upper side of the
lubricant layer. With this structure, the groove portions can be
appropriately formed after the layers of the magnetic recording layer are
atintimuraiiSke fosmed GfrtdstHerlebaicant Jayenr 00293 {SirfietureBhg a The
pressing step comprises pressing the non-recording region by usin
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out. [0030] (Structure 7 e pressing step comprises pressing the
nOfZélcording region by bringing a needle-like member into contact with a

surface_of the magnetic recording layer. With this structure, the pressin
step C;F%ge %p -?gig@agg%fagtgdﬁ Y@@gﬁl?rd. However, with tRe Structure 4,

even if such a protection layer is used, the groove portions can be appropriately
formed after the protection layer is formed.
[0028]

(Structure 5)

The method further comprises a lubricant layer formation step of forming
a lubricant layer on the protection layer. The pressing step comprises pressing
the non-recording region from an upper side of the lubricant layer. With this
structure, the groove portions can be appropriately formed after the layers of the
magnetic recording layer are continuously formed up to the lubricant layer.
[0029]

(Structure 6)

The pressing step comprises pressing the non-recording region by using
a stamper having a pattern that corresponds to the groove portion to be formed.
With this structure, the pressing step can be appropriately carried out.

[0030}

(Structure 7)

The pressing step comprises pressing the non-recording region by
bringing a needle-like member into contact with a surface of the magnetic
recording layer. With this structure, the pressing step can be appropriately
carried out.

[0031]
{Structure 8)

The recording regions are defined by a plurality of tracks that extend in a



10 scanning direction of a magnetic head. The pressing step comprises
forming the groove portion in j a region between the tracks. The groove
portion formed in the pressing step is formed so that, in a cross-section of
the magnetic recording layer taken along a plane perpendicular to the
scanning direction, the maximum depth of the groove portion is in the
range of 0.5 to 10 nm with reference td @an average height of the tracks
between which the groove portion is interposed, the average height being
obtained in the vicinity of the centers of the tracks in a widthwise direction.
|acacditionyitbetividti afrazgoido bétie Greopesgeorntigribavingmprientiorming
equal to or greater than 1/2 of the maximum depth is in the range of 5 to
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above-mentioned grooves can be appropriately formed by the pressing
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DTR medium, a patterned medium, or the like in a manner less likely to
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range of 5 to 30% of a track pitch which is a distance between the centers of
adjacent ones of the tracks in the widthwise direction.
[0032]

The above-mentioned grooves can be appropriately formed by the
pressing step. Therefore, a DTR medium, a patterned medium, or the like can
be formed in a manner less likely to cause the problems of prolonged process

time and increased cost.

Effect of the Invention
[0033]

According to the present invention, it is possible to appropriately form a
DTR medium, a patierned medium, or the like in a manner less likely to cause

the problems of prolonged process time and increased cost.

Best Modes for Carrying Out the Invention
[0034] .
(Embodiment 1)
Now, an embodiment of the present invention will be described with

reference to the drawings. Fig. 1 shows a structure of a magnetic recording



11 medium 10 according to an embodiment of the present invention. The
magnetic recording medium 10 is a magnetic disk to be mounted to a
HDD (hard disk drive) of a perpendicular magnetic recoding system and
comprises a substrate 12, an adhesion layer 14, a soft-magnetic layer 16,
a first underlayer 18, a second underlayer 20, a perpendicular magnetic
recording layer 22, a protection layer 24 and a lubricant layer 26. [0035]
The substrate 12 is, for example, a disk base made of glass. For example,
the glass may be aluminosilicate glass, aluminoborosilicate glass, soda

limeiglass Dang:saiion. Bmorgoihrse aluninesilicate glagsissiavarableagnetic
Alternatively, amorphous glass or crystallized glass may be used. The
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thickness of the adhesion layer 14 is, for example, approximately 10 nm.
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soft-magnetic layer 16 may be made of a Fe-based material, a Co-based
nfdxebial, or the like. The thickness of the soft-magnetic layer 16 is, for

cxample, n he 2007 #(10,0.290 . Pstereblyn 0 apge of 2010
example, the glass may be aluminosilicate glass, aluminoborosilicate glass,
soda lime glass, and so on. Among others, aluminosilicate glass is favorable.
Alternatively, amorphous glass or crystallized glass may be used. The
substrate 12 may also be a nonmagnetic substrate made of carbon, Ti,
ceramics, or the like.

[0036]

The adhesion layer 14 serves to improve adhesion between the substrate
12 and the soft-magnetic fayer 16. In this embodiment, the adhesion layer 14 is
an amorphous CrTi fayer. The thickness of the adhesion layer 14 is, for
example, approximately 10 nm.

[0037]

The soft-magnetic layer 16 forms a magnetic circuit between a head and
the perpendicular magnetic recording layer 22. For exampie, the soft-magnetic
fayer 16 may be made of a Fe-based material, a Co-based material, or the like.
The thickness of the soft-magnetic layer 16 is, for example, in the range of 10 to
200 nm, preferably in the range of 20 to 100 nm.

0038]

fn thi!s embodiment, the soft-magnetic layer 16 has a pluréiity of soft-

magnetic material layers (SULs) diamagnetically coupled with a Ru layer

interposed therebetween. The thickness of the Ru layer is, for example,



In this embodiment, the soft-magnetic layer 16 has a plurality of
soft-magnetic material layers (SULs) diamagnetically coupled with a Ru
layer interposed therebetween. The thickness of the Ru layer is, for
example, 12 approximately 0.9 nm. Each of the soft-magnetic material
layers may be, for example, a CoTaZr layer having an amorphous
structure. Each of the soft-magnetic magerial layers has a thickness in the
range of, for example, 20 to 27.5 nm. [0039] The first underlayer 18
and the second underlayer 20 serve to control the crystal structure of the
pespendicsier magneticrechrsingd ayer Adg ethisemnbediment he fisst for
underlayer 18 is a Ta layer. The first underlayer 18 has a thickness of, for
SREHTHE: pFoRifidE§ 3 AVNGTAR SEESRBAMSIREEFR0 foah il Bifogoft-
I ) nd Lnderlayer 20 ' of, f |
S e ORI T e LR By
|&yes Aghis a magnetic layer containing magnetic grains having a crystal
structure. The perpendicular magnetic recording layer 22 is preferably a
tic layer having a granular structure in which oxides segregate at

boundaricsbefyyees: theminiatized Systal g@%ﬁ?ggggg g&;ﬁ%@&%ﬂ{mf the

the perpendicular maghetic recording layer 2 ayer.
Thesperpendicelaf thagrehendouiding dayeti2 2dvasdirtickre s inithigis
range of, for exam_g)le, 5to 45 nmgpreferably in the range of 10 to 40 nm.

[BORRCMeRtn B R USRS I8 LB R42 1Y SFotdBeHEberpEHaNaNde as a
MAGORLG r&?%?@@aﬁ)ﬁ%,%H@M@E@&tﬁmﬁﬁ%‘ge&%&mﬁﬁﬁeﬁ% is a

example, a carbon-based film. The protection layer 24 preferably
dovnpliinele yediahherrblikectarisenifijer Ihoahiakhedsesshe, frotextiomle,
Iaég)r 24 is,tf?r ggam le, in the range of 1 to 7 nm, preferably in the range
SR E rhE [UBricant layer 26 serves to improve lubricity between
thmbgad and the magnetic recording medium 10. The lubricant layer 26

is, for example, a PFPE (perfluoropolyether)
The perpendicular magnetic recording layer 22 is a magnetic layer

containing magnetic grains having a crystal structure. The perpendicular
magnetic recording layer 22 is preferably a magnetic layer having a granular
structure in which oxides segregate at boundaries between the miniaturized
crystal grains. [n this embodiment, the perpendicular magnetic recording layer
22 is a (CoCrP1)-6(Si0y) layer. The perpendicular magnetic recording layer 22
has a thickness in the range of, for example, 5 to 45 nm, preferably in the range
of 10 to 40 nm.

[0041]

The protection layer 24 serves to protect the perpendicular magnetic
recording layer 22 from impact of the head and comprises, for example, a
carbon-based film. The protection layer 24 preferably comprises a diamond-like
carbon film. The thickness of the protection layer 24 is, for example, in the
range of 1 to 7 nm, preferably in the range 0} 3to 5 nm. The lubricant layer 26
serves 1o improve lubricity between the head and the magnetic recording

medium 10. The lubricant layer 26 is, for example, a PFPE (perfluoropolyether)



13 film formed by dip coating. [0042]  The magnetic recording medium
10 may further contain a thin metal layer, for example, made of CrTi or the
like and, for example, formed between the perpendicular magnetic
recording layer 22 and the protection layer 24. With this structure, the
surface of the perpendicular magnetic recording layer 22 of a granular
structure can be more appropriately pretected. [0043] The magnetic
recording medium 10 may further comprise, as the second underlayer 20,
two Ru alloy layers different in size of crystal grains and intergrain

dﬁiﬁtam@gmﬁagm@m[@rg In this case, the upper layer preferably has a
smaller size of crystal grains and a longer intergrain distance. With this

stetiétdre, isolation of crystal grains in the perpendicular magnetic,

recordng IRver 2215 BIOmAIe%, 0944 o Fid BSOS AMEE OIS iy

perpen |cular agne ic recording’layer |s a op view

perperaipiammaagnsticrieeontingiayeid Zoand shows amas@paiwackse
102 arranged on the perpendicular ma etlc recording layer 22. The

t%@@ﬁ@ﬁ%lﬁ@%@%?@?fﬁ@%@ﬁ% Bl hagreigeiesdryipigddy &Y i
%@W&%P@t é'&,l 21 ]{ﬁg?{gﬁﬁ&gﬁ%}‘?ﬂg He‘{‘(?r%%%?&m% (?ggﬁ?r% a

e magnetic head. [0045 Is embodi t, the perpe

rgmgnﬁac seootdiagdayiers Ribie prmvicedevdth @rqkcadidy of tracks 102
arra %ed in parallel to one another in a direction intersecting with the head

ng direction. Regions interposed between every adjacent tracks

102 defing gHalRRRNEISAPRSIQ AR 1BNHSFRIANG RIS e second
embodiment, each guard band region 104 is prowded with a groove
portdencae? dxtdnding alengaheryaiksréobin size of crystal grains and
intergrain distance from each other. In this case, the upper layer preferably has
a smatler size of crystal grains and a longer intergrain distance. With this
structure, isolation of crystal grains in the perpendicular magnetic recording
layer 22 is promoted.

[0044]

Fig. 2 shows a structure of the perpendicular magnetic recording layer 22.
Fig. 2 (a) is a top view of the perpendicular magnetic recording layer 22 and
shows an array of tracks 102 arranged on the perpendicular magnetic recording
layer 22. The tracks 102 define regions of the perpendicular magnetic
recording layer 22 where magnetic signals are recorded and extend in the
scanning direction of the magnetic head.

[0045]

In this embodiment, the perpendicular magnetic recording layer 22 is
provided with a plurality of tracks 102 arranged in paraliel to one another in a
direction intersecting with the head scanning direction. Regions interpased
between every adjacent {racks 102 define guard band regions 104 as non-
recording regions. In this embodiment, each guard band region 104 is provided

with a groove portion 202 extending along the tracks 102.



14 [0046] In this embodiment, the scanning direction of the magnetic
head is a circumferential direction of the substrate 12 (see Fig. 1).
Therefore, the tracks 102 are concentrically arranged at a constant track
pitch L. The track pitch is a distance between the centers of the adjacent
ones of the tracks 102 in a widthwise direction. In this embodiment, the
track pitch L is, for example, in the range of 60 to 200 nm, preferably in
the range of 70 to 150 nm, more preferably in the range of 80 to 100 nm.
[0047] Fig. 2 (b) is a cross-sectional view of the perpendicular
mE@sdtic recording layer 22 and shows a structure of the groove portion

202. The cross-section is taken along a plane parallel to the radial
directiof! 8ftheshpaimaet1 BaseRRNEHRBbERieHht ofHae roeveaiertieADE Zis

f !ﬂ%@%ﬁﬁ!‘&?{e@%ﬁh" %ﬁ@@%@%@d@a@%ﬁq% &?%%% Sidhwise, o

irection. The maximum dep each groove p is, for

ebGMpte contenargly afQusytal 0 Ao preferakiykinitbes rangesokdcdtodich is a
nm. For example, the depth D is a depth with respect to the average

HERYAP cfe PRA¥EASY AP REFSIRE BB B YPRe Tl BRGh HiHT IS fol @%gmm,
hERYRraoaiheight .qumg%mt}&&ﬁﬁi&mi%g.ftFaskCﬁ?éﬁfg af EB?@%%&@&F& the

102 between which the groove portion 202’is intefpose

mengmontaeptA(D ofreachfgrablyerptrtionr2@2q8 Mxuessvely: deepe preferably
(g}reater than }O nm), cracks will be caused to occur in the protection layer

f

MES Y B PRAHIAME magnetic recording layer. From the cracks,

gtm)ﬁjon of the perpendicular magnetic recording layer is started. If
the maximum depth D of each groove portion 202 is excessively shallow
(smalldrigh@n(o) Ssrav)iase-sabicnaialgliffer éhe p exstsiietaemagnesial

T R T R B M B s
ReRRICiISWREMagNelis gRisoBaryis pldeaeRs el &Rt MAgBRkStrate 12,
separation can not be 15 achieved. [0048]

In this embodiment, the groove portion 202 is formed at a center portion of gach
guard band region 104 in the widthwise direction. The maximum depth D of
each groove portion 202 is, for example, in the range of 0.5 to 10 nm, preferably
in the range of 1 to 5 nm. For example, the depth D is a depth with respect to
the average height depicted by a broken line 302. The average height is, for
example, the average height obtained in the vicinity of the centers of the two
tracks 102 between which the groove portion 202 is interposed.

If the maximum depth D of each groove portion 202 is excessively deep
(greater than 10 nm), cracks will be caused to occur in the protection layer
formed on the perpendicular magnetic recording layer. From the cracks,
corrosion of the perpendicular magnetic recording layer is started.

I the maximum depth D of each groove portion 202 is excessively
. shallow (smaller than 0.5 nm), no substantial difference exists between crystal
axes.mc the magnetic grains at a pressed portion of the pel’rpendicular magnetic

recording layer and those at a non-pressed portion. Therefore, perpendicular

magnetic anisotropy is not decreased so that magnetic separation can not be



In each groove portion 202, a region having a depth equal to or greater
than 1/2 of the maximum depth D has a width W corresponding to, for
example, 5 to 30%, preferably 10 to 15%, of the track pitch L. With this
structure, magnetic separation between the tracks 102 can be
appropriately performed. Therefore, the magnetic recording medium 10
properly works as a DTR medium. 1K the width W of each groove
portion 202 is excessively large (greater than 30%), those portions
reduced in magnetic anisotropy are increased. This results in decrease in
recorging.capacity. [0049] The magnetic recording medium 10 may be
a patterned medium. In this case, the magnetic recording layer 22 is
déd with not only the groove portions 202 but also concaved portions, .

short g 3 like f rating bits | C
R e T e R e
dimaifart o dhitofthe groovie pibriibhs 20 2ifAB3V] corrdsigo s @ itiov chagimpie,

howing a method of manufacturin%‘éhe magnetic recording medium 10. In

RAT ISR BICH S Gl BARGeLac BN & it UH B
steRmexceRbDENG HesRag §ien el 083 ne A%R&ﬁ%@%ﬁd}hm

the Substrate 12 is cleaned at first (5102). Then, the substrate
mbareédeotadimaforatineapphingtosesiion 49 aDEeragndteomssp itidtimgadiun.

appar . An ign layer formation step, a magnetic recording layer
formati ML S BFE AP BT b S o S scB Ry ater
GRAHIES0oU], IR Hiecrdhesiors@ye kb ibecnarrRendioy BemagBeliSd. This
recording layer 22, and the protection layer 24 (S104). In the protection

|EBRt R ImativieatepNIRCprdiRE tenaaiigr 24 is formed, for example, by
\VA cJEach of the 16 adhesion layer formation step, the magnetic
cording layer formation step, and the protection layer formation step is

carriedio fagexanles kiindsadmetDod Saneasaiesidiandatha. In this
known method. For example, in the adhesion Ia}/er formation step, the

&GREsIHR APENSHGSTEPRIERD dRVPIeZSUIB e YitheohRiYwélie groove

r ' ' endicu nefic re ing layer
e oh e L R R SR

layearbding tis Seeart traderlapera are fanaied thereotuisivedasdsitis,

protection layer 24, the protection layer 24 is formed on the perpendicular

MYhStRPE DB Sl B3 erh G Pl $iBiEh BolIA G R SheR¥eshgpions 202.

fg@@gé e adhesion layer formation step to the protection layer formation

step, the respective layers from the adhesion layer 14 to the protection

layer 24iar8 susdessivelyfehmethor thetbobsifatea h2fadthoog b ovagy dfie

SUBSHERNS KoM T8 UM Ol ARPELAL IR RE steps may be same as or
similar to known steps except for the pressing step S110.
[0051]

in this embodiment, the substrate 12 is cleaned at first (5102). Then, the
substrate 12 is mounted to a film forming apparatus such as a DC magnetron
sputtering apparatus. An adhesion layer formation step, a magnetic recording
layer formation step, and a protection layer formation step are successively
carried out to form the adhesion iayerfm, the perpendicular magnetic recording
layer 22, and the protection layer 24 (5104). In the protection layer formation

step, the protection layer 24 is formed, for example, by CVD. Each of the



Subsequently, a lubricant layer formation step is carried out to form the
lubricant layer 26 on the protection layer 24 (S106). Preferably, the
lubricant layer formation step is performed in the film forming apparatus
used to form those layers up to the protection layer 24 and continuously
from the formation of these layers up to the protection layer 24. Next, a
head varnishing step is carried out to regove particles, protrusions, and
the like from the surface of the magnetic recording medium 10 with those
layers up to the lubricant layer 26 formed thereon (S108). This head

varnisting step oayhe repiseaddmadaprcriEisting islep Keindidpes, and
[0053] Next, g pressing step is performed (S110). In the pressingstep,

thee eI BREEURY Gh E AP etisRIIB G laljed 22is presssnnin dw ariadabe
ions.104 ina. direction f ide of th ,
R usi) %Q%Bda%egﬁ%ﬂ%gg(ﬁ]d'}r?a‘ﬂéﬁ%%ﬁ%%%&”#‘ o ?ﬁﬁ%}%é&ﬁer%%%?sgon

lubricant Tayer 26 towar e principal surface of the subs

inetfee firesaing siep, thé tehgmmveapertions 202naee danmedinshearguard in
band regions 104. When the lubricant layer 26 is formed using another

il 151G B pRep eI ditvérd B o et asterB IorAT Eedan ByRIs TiF to
hepramstablusT A, theRsRbg sieh may dadar i oyl RALYeSA the
e lupric ormation step.

protection layer formation step and t ant layer

[@064}ion lhyénd pressingstepdthedguandbaddiredions:di04acepressedyards
using, for example, a stamper having a pattern that corresponds to the

P& 02> THE DRIVIATIRAL R¥FFesh Sht REthe G PE BSHIRY ar
2R8drelrs @xammie 19@%@%‘%’«&]@@%FQ%E%HWH@E*H‘?&Q%E%%@Q%m the

portions for a DTR medium. For example, the stamper is forme
reciisianpii fevectinolagyn atehisontag perjehibogr o flortiatis 262 mahde

iately formed b ing. The st form various kinds of
R 5 AN BB e TP Mg GHE ra oyt Hyar DGR RaAAGIRly
witlbdbesfsmatinngf e ssaneparians@id T SRR SHGHIINAKED from

may be a marker indicating a servo starting point. [0055 In the
pheskimg @ gHErgatti®and regions 104 may be pressed by bringing a
155 -like member such as a needle-like machining chip into contact with
the surface of the perpendicular magnetic recording layer 22. In this case,

itis predetaizigubatiyhe nesdielike sreobenissasoht datdaopiacbvwithihee
surface of the perpendicular magnetic recordin&@layer 22 while the

gRent RS eing iRIRAMAG RN o4 4 RthIP aSscirsabine i ddoant
Wﬂgpﬂ'):h%%cﬁ{ %@BHE%@%WJS riWﬁ% t??‘(np ?8?1”?!”% &%%a?’zltus used to form

those layers up 1o the protection layer 24 and continuously from the formation of
these layers up to the protection layer 24. Next. a head vamnishing step is
carried out io remove particles, protrusions, and the fike from the surface of the
magnetic recording medium 10 with those layers up to the lubricant layer 26
formed thereon (5108). This head varnishing step may be replaced by a tape
yamishing step using a tape.
[0053]

Next, a pressing step is performed (S110). In the pressing,step, the
perpendicular maéneiic recording layer 22 is pressed in an area to be tﬁe guard
band regions 104 in a direction from an upper side of the lubricant layer 26

towards the principal surface of the substrate 34. Thus, in the pressing step,



The pressing step is followed by an inspection step of inspecting the
magnetic recording medium 10 (S110). Then, the flow chart is terminated.
In the inspection step, for example, a glide test may be performed. [0057]
18 According to this embodiment, the groove portions 202 are
appropriately formed after the formation of those layers up to the lubricant
layer 26. Therefore, it is unnecessary tgjremove the substrate 12 from a
film forming apparatus after the formation of the perpendicular magnetic
recording layer 22. Thus, according to this embodiment, a DTR medium, a

pakteines nestiumsardhe ke eae e apprpiiately formeddn agmanoesn ihe

less likely to cause the problems of prolonged process time and increased

cebrifeosByer 26risd raghair uranethaddptie grisevenperaors diderent from

f i [ \/ r al axis in a direction .
B A B S R e 2L R sine grop
corpaeeckwith thet magnaiicigmpstistthe vgsitioatitie aemnter slearhiubricant
track 102. As a result, the crystallinity of the magnetic grains under the

JRYSU PO $Mferior, for example, as compared with that in the

ity of the center of each track. In this case, perpendicular magnetic
anisotropy in the guard band regions 104 is decreased so that magnetic
separatiothbetwesindhedracks §02ris raacerapinapriatelreardedsauising, for
Therefore, according to this embodiment, the groove portions 202 having

PHICRG AELNBOSH AVYH PRI L PHRERSST Rl BP RePfkEONS
ogipberMoge Anpraniatsaised M@%@UQ%F{!&H& 2ho is,ﬁsr%mt%fe, a

Embodiment 2 of the present invention will be described with reference
dranialgs!r &k, mEhowb al wrrgeaic wctr dirmg weauhiutio 1O facecidiRgiedine.

T RERerE Reoig UL EO AR RN RO e marner
rerOFiRg aNeshitRs. 80s @dﬁ%nﬁéﬁgg?@@@i@%@@ﬁ@y&f@&ﬁa%m?ﬁgi%@{per

medium type to be mounted to a HDD (hard disk drive) of a perpendicular
Y HENE retrdmly RyseinT aike e she s epsubistriae magaatic recording

layer 22 simultaneously with the formation of the groove portions 202. For
example, such marker may be a marker indicating a servo starting point.
[0055]

In the pressing step, the guard band regions 104 may be pressed by
bringing a needle-like member such as a needle-like machining chip into
contact with the surface of the perpendicular magnetic recording layer 22. In
this case, it is preferable that the needie-like member is brought into contact
with the surface of the perpendicular magnetic recording layer 22 while the
magnetic recording medium 10 is rotated. In this case also, the groove portions
202 are appropriately formed by pressing.

[0056]
The pressing step is followed by an inspection step of inspecting the
magnetic recording medium 10 (§110). Then, the ﬂl)w chart is terminated. In
the inspection step, for example, a glide test may be performed.

[0057]



19 adhesion layer (a coherent layer) 14, a soft-magnetic layer 16, an
underlayer 18, a perpendicular magnetic recording layer 430, a protection
layer 24, and a lubricant layer 26 in this order. The perpendicular
magnetic recording layer 430 has a granular layer 420, a coupling control
layer 422, and a continuous film layer 424. In this embodiment, the
substrate 12, the adhesion layer 14, thegoft-magnetic layer 16, the
protection layer 24, and the lubricant layer 26 are similar to those
described in Embodiment 1 and, therefore, description thereof is omitted.

[0060] AcchheridndenayeniRsenes 0Lgm)dhe Aiystabstuguee 9hihe el

perpendicular magnetic recording layer 430. The underlayer 18 may be a
nellager ffileofaposbaropblphsalty ot kinds Bidilotyidathisyer 26.

e e s S R T e SN e BYRG

v
a second drientation control fayer, an

naiptaiwizatorprentetinglayesrwhicheasefernneg puirsoficmmantticyer 22,
Izyer 16 in this order. [0061] The first orientation control layer serves
t

EehtRIAnEEy e briertateimenina SadomaesiientatioattRsnaeImesivas or
am@eg@]%mgfgggg%@ﬁ@gg%g@%@&% ggﬂp%%%g} g@gpﬁeﬁﬁfo%&%a%’gg

control layer is, amp a’layer ayet having a

quystadstsusitpre | oegedpranplious sitliekeasBaecthickness of the first
orientation control layer is, for example, approximately 3 nm. The second
Atdtion control layer serves to improve the orientation of an upper

aver formerhheiantcla s SRbasmech, B sseaucasenigion conirol

layer is a Ru layer having a hcp ¢ structure. The seco on
quieseirgpieihhs e thiskndssoft dfomex amp b rapiproisnateli 0 amn {#662]

B S R e A S I T
magnetic grains in the vicinity of the center of each track 102. As a result, the
crystallinity of the magnetic grains under the groove portions is inferior, for
example, as compared with that in the vicinity of the center of each irack. In
this case, perpendicular magnetic anisotropy in the guard band regions 104 is
decreased so that magnetic separation between the tracks 102 is more
appropriately carried out. Therefore, according to this embodiment, the groove
portions 202 having a function necessary in a DTR medium, a patterned
medium, or the like can be more appropriately formed.

[0059]

{Embodiment 2)

Hereinafter, Embodiment 2 of the present invention will be described with
reference to drawings. Fig. 5 shows a magnetic recording medium 10
according to one embodiment of the present invention. Fig. 1 (a) shows a
structure of the magnetic recording medium 10. In this embodiment, the .
magnetic recording medium 10 és a magnetic disk of a double-layered

perpendicular medium type to be mounted to a HDD (hard disk drive) of a

perpendicular magnetic recording system, and comprises a substrale 12, an



grains by separating the compositions of an upper layer formed thereon.

For example, the isolation promoting layer is formed by sputtering under a
gas pressure higher than that during formation of the Ru layer as the

second orientation control layer. Thus, the isolation promoting layer is

formed as a layer in which crystals are small and crystal grains are

separated from one another. In this emlgpdiment, the isolation promoting

layer is a Ru layer having a hcp crystal structure. The isolation promoting

layer has a thickness of, for example, approximately 10 nm. [0063]
ThesdiiatdrzatioraHeraating 4y er serves eRfame e yBinausizaier @fyver 18,
crystal grains of an upper layer formed thereon. In this embodiment, the

rAiRRREREGe R bropaostg 1agerds g layer 4CoCHSwedhyerpstadffaniibn

r re containing nonmagnetic crystal grains, in which Si02 segregates
R R R e PR BRI AP oo
Migaiufization Rramatog daxsipting enrsial sifueture of &pLEdstiRious film
example, a hcp crystal structure. The miniaturization promoting layer may
pargalfbontain CoCr of a bee crystal structure. In the miniaturization

promotg ayel e GRIeT 2L SI0R 5. 05 Sy ApRIBKIPAE A e

(for example, 10 to ckness of the miniaturization
premoting lyeris, for exempliendpprodmaletytBaniic@athRyer 26 are similar
miniaturization promoting layer, the granular layer 420 of the '
68%@%&8%@%%%@3&@%% lbyaradeisiRsmeastaBar therpréis
Hamwar layer 420 has a granular structure in which oxides segregate at
boundaries between miniaturized crystal grains, and is an example of a
pfaety recording layer. In this embodiment, the granular layer 420 is a
CoCrPt-SiO2 layer and contains magnetic grains and a nonmagnetic
et %

substa YRl SR Gl SR TR AR YA R S te
HOBIRIRe R@gﬁ@%‘ P8Rk iheymagnetin arains, fhethiekness el he a

granular layer 420 is, 21 for example, 20 nm or less, preferably in the
remkjdaes it eonmoatsteiraterably #f hedanflilios? to t8sremifodiment, the
example, approximately 9 nm). [0065].  In the granular layer 420, the,
e T S TR e S B e ool o

JYSOHORY ARG EURISENOFOATNBIF IBYRMentia FRFPANSE A0sign@lsoting layer
recorded in the granular layer 420. In this embodiment, the magnetic
J¥aiRR are eoorposranepitryagncliriayse | Pie Gisco@aineter) of each
tic grain is in the range of, for example, 5 to 20 nm, preferably in
the range of 8 to 15 nm. The width of the grain boundary of the magnetic

grains Ehedital toienigteateothan Ryenstiesasaropiaiiththeratgeoédidaon
20 nm. Herein, the width of the %;:@in boundary of the magnetic grainsis,
3 BRAFRERNICHAE BRI CONTIRItAY @ G P Bl BB RIS G A FRagndh dhis

PRRSH G ArREr JauRtARY E8088] tayer is, for example, a Ta layer or a
CoCrTa layer having a bce crystal structure near an amorphous structure. The
thickness of the first orientation control layer is, for exampie, approximately 3
nm. The second orientation conirol layer serves to improve the orientation of an
upper layer formed thereon. In this embodiment, the second orientation control
layer is a Ru layer having a hep crystal structure. The second orientation
control Iay@rx has a thickness of, for example, approximately 10 min.

[0062]

The isolation promoting layer serves o promote isolation of the crystal



The nonmagnetic substance contained in the granular layer 420 is a
nonmagnetic oxide that segregates at the boundaries of the magnetic
grains. In this embodiment, the nonmagnetic substance is, for example,
silicon oxide (Si02). As the nonmagnetic substance, for example, titanium
oxide (TiO2) may be used instead of Si02. In the granular layer 420, the
content ratio of Si02 or the like is, for example, in the range of 10 to 16
at%, preferably in the range of 12 to 14%. [0067] If the content ratio of
Si02 or the like is equal to or higher than 6 at%, the S/N ratio is improved
by amivigiusizasionef the PONMAGNEHS substanser Howavanhdhecaersiver o
force Hc and perpendicular magnetic anisotropy of the granular layer 420
iBEMHEY Bie RYPAGE R RITHS ISUBhSEafest yorsdiisIitly ntrermads
lity. of t ranul r. itself. is degraded. In this embodiment,
e TR e G D e S TR e

42 ritEsdhetafors lp9ssiblede, supnsessioagserR@iihess Proklemss a layer
even if the content ratio of Si02 or the like in the granular layer 420 is

iNtredsB eI YsBEBRre ST eHG NG BbatREI ai/dr SRR ERRE S @IRraneiaer.

t i STellt e 4 nd the
o e R D b A e
42sts) forexarmapléha Bl daigerravingayfey erysislsthistuessTdiefor example,
thickness of the coupling control layer 422 is, for example, equal to or
SRBIRHTARS HH%r example, in the range of 0.5 to 1.5 nm, preferably in

sapge of 0.7 to 1.0 nm (for example, approximately 0.8 nm). The
coupling control layer 422 may be a Pt layer. [0069] The continuous
film layehret ddristuisnpdiom vaichtexclaarg earvapling inaaiestioa pdratleh of

to the Erim%[ﬂy ﬁurface of the supstrat éz continuously spread. The
COHIRLBIEARTIA)PEA RVER 8§%§| B a5 B fafr

AASAIHAND M3MeSe-gr ainsrexhibiing R%@@@@W%%@F?Sﬂﬁt&anular .
anisotropy. Th(-.:-s‘e magnetic grains form magnetic exchange coupling with
thleuiEh eaotgiaing BInMEgraticlarisiré o205 thehitle &ion segregates at
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promoting layer, the crystal structure of CoCr is, for example, a hep crystal
structure. The miniaturization promoting layer may partially contain CoCr of a
bee crystal structure. In the miniaturization promoting layer, the content of SiO»
is, for example, approximately 12 at% (for example, 10 to 16 at%). The
thickness of the miniaturization promoting fayer is, for example, approximately 2
nm. On the miniaturization promoting layer, the granular layer 420 of the
perpendicular magnetic recording layer 430 is formed.

[0064]

The granular layer 420 has a granular structure in which oxides
segregate at boundaries between miniaturized crystal grains, and is an example
of a primary recording layer. [n this embodiment, the granular layer 420 is a
CoCrPt-Si0, layer and contains magnetic graﬁins and a nonmagnetic substance
that magnetically separates the magnetic grains from one another at the

boundaries of the magnetic grains. The thickness of the granular layer 420 is,



The width of the boundaries between these magnetic grains is smaller
than that of the boundaries of the magnetic grains in the granular layer
420 and is, for example, equal to or smaller than 1 nm, for example, in the
range of 0.1 to 1 nm, preferably in the range of 0.3 to 0.8 nm. With this
structure, the ,magnetic grains in the continuous film layer 424 form strong
exchange coupling with one another insthe direction parallel to the primary
surface of the substrate 12, as compared with the coupling force between
the magnetic grains in the granular layer 420. Therefore, with this
sHetmdermalatabilibsop Feeorind il signale isrimRroveshbyRinging
magnetization of the continuous film layer 424 by magnetization of the
gremaliarlaye e msecthickné8 s ot (e evatmueustilrmiiyaics2? ispfor
16% le, in the range of 1 to 8 nm, preferably in the range of 3 to 6 nm,

ore preferably in the range of 4 to 5 nm. [0071] The ratio NB of the
thicknessstReqf e areiytar Jave k2 anetine dhicknass Byatdhgrains exhibiting
continuous film layer 424 is, for example, in the range of 1 to 5, preferably
iRAREAEHGE BT A8NEIRAR SRISORYUBHHES EREaRI BT BERGEAIIAURE Thiignetic
r ' ' ibited b nge cqupling. Preferably, the
R S e A T e T R R, e
anigptesipyocainstant (Podmwisanisoiropiel energy)duTareales thamesr) of
example, that of a soft-magnetic material. With this structure, the magnetic

AT FERS FoBFAEY i BHE @ SRt 80 S i AraTs e 2o e P BT cRigse Ry in
wigths The gantinyaus filmlaverA24may %Yﬁ@o[}?}%?ﬁfﬁw@?ﬂgﬁa@(gﬂ rains

constant Ku greater than that of the grandlar laye e mate
¢oeiimad s dilprijer #2d Méynhaviereesaerpiee ifotice togailerdhzt nfor
xample, the coercive force Hc of the material of the magnetic grains in

HEGHNMRYFE4 388 @F7oPOouNdAHRL BiR poramRiE SRSoRtRIGIEMRle.
Imeehdahiz dMuBtRYer B GamRItRingdHac blanermagRaard REHRY e

408, each kind of layers being about three in number (for example, two to

ihireeulgy gk rfifinately laminated. The CoCr layers 406 contain

@%%% tic grains of CoCr. Each of the CoCr layers 406 has a thickness of,
reéxample, approximately 0.35 nm. When the CoCr layers 406 are very

thin asTlesatibathghove st magnedatanadas ot ’e0sE MaY SHaVRas a
crystal structure. The CoCr layer 406 may contain magnetic grains of

CBOFAEURIE &Hpe Higteawrosiaratthe Pelngeicos itha Meansiihetrins. In
R ing.a [ C Pd layer 408 has .a thickness
AN e R S e e R b R e

11B0REtiAs2hanisotiapydtiqeoduced atfhe-hanpiarieadhetvegiadhaiCoGhay
layers 406 and the Pd layers 408. By laminating three layers for each

R ISRECBEIERY BEieRdELIRP SHASHAT AHRE A0 e SHASREER W h B o
HYURIY S the sontipmous fil J&wgé 460 %%ﬁoyg%qé%éﬂ%hp%sraﬁge of

compared with the case where tlie continuous film’layer 424’is a

b IEsr.
[0067]

if the content ratio of SiO; or the like is equal to or higher than 6 at%, the
S/N ratio is improved by miniaturization of the nonmagnetic substance.
However, the coercive force He and perpendicular magnetic anisotropy of the
granular layer 420 itself rr;ay be degraded. It is also supposed that,
consequently, thermal stability of the granular layer 420 itself is degraded. In

this embodiment, however, the continuous film layer 424 is formed on the



[0073] The continuous film layer 424 may comprise, for example, a Pt
layer instead of the Pd layer 408. The continuous film layer 424 may
comprise a CoB layer instead of the CoCr layer 406. The continuous film
layer 424 may be a multilayer film [CoX/Pd or Ptjn comprising Co

compound layers, n in number, and Pd or Pt layers, n in number, which

are alternately laminated. The continugus film layer 424 may comprise a
monolayer film with a large content of Pt. The continuous film layer 424

may be a monolayer film of CoCrPt, CoPt, CoPd, FePt, CoPt3, CoPd3,
afnipReus, ZhEeCORTs BkasNIRERI4R, GoRORI8% Q1 thenike (0074

In Embodiment 2, in the magnetic recording layer 430 comprising the
dreaslan s up0hamp therdoatinwd S8Pitmndyelie &) tdapsttier layer 420 is
qﬁa%na%%%s film layer 424 is provided with groove portions. With this
structuré, the recording regions can be magnetically separated from one
apodmer. [0075] The groove portions may be formed substantially only

on the continuous film layer. With this structure, it is unnecessary to form

the grobVe@ GHRENRS GRMHra!iryRTadpeserias [T rerstotéhasicongtaridnaihetic

the,gAAE WBIEdhe.argove noions 256 Igmed tiaughout e eniie o, |,

€ magnetic recording layer, the groove portions c

fonmechbagilyeandimdthhighnacssiaey ialee sareiureriswhiphs theraroops:
portions are formed only on the continuous film layer includes the case

WRERIA GBI HIGHY re ToRrHeiEl fopRSaR Nt B RAL Bl NS ERE BHRkEaY 422 s,
r@?%r@ﬂgpl%ysaeé:f@ &SSWQI%WHE%C% ﬂmhfaif%f%@a%% fmg BRGSS 0.5 10

portions and the man-hour required therefor are not affecte

examplep thie sthicturdéincdude oftie s e Whendithesgeogye putiansasesiy 0.8
fgégeg from th% continuous film layer 424 to an upper part of the granular
layer

26 S68PETY COMHChBYSF st RBSUIN &S, description has

ade of the aspect in which the grooves are formed on the

continuous film layer 424 as an example of the auxiliary magnetic layer.
HowevEhethenbiraseis filvelaien48hét Hridied to Whéchbexahangetiomening in a

ect. The present invention includes the aspect in which, when a
b R A S S e e redtarngy soreac
Megaetigrianalsianmpst audiliannrecording daves magnslcalysouPleder and
with the primary recording layer, grooves are formed at least on the
SO%1FHS Magnetie wpEs Wtthig ReipriteicHaressromg Frisotroran Beese

m@gﬂ8“8@%53%9%%?94&%%8 %?(C%%%S@e rc':oup!ing with the magnetic grains of
the granular layer 420 in the direction perpendicular to the primary surface of
the substrate 12.

[0070]

The width of the boundaries between these magnetic grains is smaller
than that of the boundaries of the magnetic grains in the granular layer 420 and
is, for example, equal to or smaller than 1 nm, for example, ih the range of 0.1
to 1 nm, preferably in the range of 0.3 to 0.8 nm. With this structure, the
mmagnetic grains in the continuous film layer 424 form strong exchange coupling
with o%e another in the direction parallel to the primary sur{ace of the substrate
12, as compared with the coupling force between the magnetic grains in the

granular layer 420. Therefore, with this structure, thermal stability of recorded



[0077] For example, the magnetic recording medium has at least two
magnetic layers different in composition and forming exchange coupling
with each other. The primary recording layer is, for example, one of the
two magnetic layers which is greater in thickness or coercive force. The
auxiliary recording layer is a magnetic layer smaller in thickness or
coercive force. Preferably, the magnetjg;anisotropy constant Ku of the
auxiliary magnetic layer is greater than the magnetic anisotropy constant
Ku of the primary recording layer. [0078] Preferably, in the primary

reie@raling laysioand HesmniianiapagneiicoldyeiHb e HeaYSLRAIMONS, aFe 24 by

formed substantially only on the auxiliary magnetic layer. With this
Staetifrezatiurneecysanyab foieh 4RE grdsvEh shritsalvitie s higin eepedim
ratio, refare, Wj e e where the grogve portions are
R s D Bne e e T e 8o

the626rgraove perdamsicantbe formediensilys and with high accuracy. The
structure in which the groove portions are formed only on the auxiliary
Hétic layer, includes the case where the groove portions are formed to

reach a-pax %BIWJSW%B{H&H@LQ%'@ el 1B e%%gé@%%QLéhe

formation of the groove portions and the man-hour required therefor are

ribicaffesteldl OGESGontinnciine ffondgpingl Efriboiment 2o harmiadtessige of 1 to
related to the position of the |%groove I)\{i_ortions as well as the shape and the
ARG EP h L GrEtRae g (MLt e buek it & GR leor mscasRCicular

WitlRigs Randia tedvatiers ielatemiadhs methad £ &ﬁ?iﬁ%thﬁreifrabiy,
S a ar

groove portions, such as the pressing step, and other matte e simi

th ehosg e Ehe Binbdaithe o h e de &trigtper th2deud weilk beagmitiedhnisotropy
Oggs%Qt:'mwbacggrm%]%%):sotropic energy) Ku greater than, for example, that of a
soft-magnetic material. With this structure, the magnetic domain walls formed
in the continuous film layer 424 can be reduced in width. The continuous film
layer 424 may have a magnetic anisotropy constant Ku greater than that of the
granular layer 420. The material of the continuous film layer 424 may have a
coercive force He smaller than, for example, the coercive force He of the
material of the magnetic grains in the granular layer 420,

10072}

In this embodiment, the continuous film layer 424 is a multilayer film
comprising CoCr layers 406 and Pd layers 408, each kind of layers being about
three in number (for example, two to three layers), alternately laminated. The
CoCr layers 406 contain magnetic grains of CoCr. Each of the CoCr layers 406
has a thickness of, for example, approximately 0.35 nm. When the CoCr layers
406 are very thin as described above, the magnetic grains of CoCr may not
have a crystal structure. The CoCr layer 406 may contain magnetic grains of
CoCr having a hpc crystal structure. Tﬁe Pd fayer 408 is a nonmagnetic Pd

layer having a hcp crystal structure. The Pd layer 408 has a thickness of, for

example, approximately 0.8 nm. With this structure, interface magnetic

@



Hereinafter, Embodiment 3 of the present invention will be described with
reference to Fig. 6. In this embodiment, the magnetic recording
medium 10 comprises a substrate 12, an adhesion layer (a coherent
layer) 14, a soft-magnetic layer 16, an underlayer 18, a perpendicular
magnetic recording layer 430, a protection layer 24, and a lubricant layer
26 in this order. The perpendicular maggetic recording layer 430 has a
granular layer 420 and a magnetic coupling layer 425 (not a continuous
layer but a monolayer) laminated in this order. In this embodiment, the

suistrate 2 trecadaesionayeibdathe seftwpagneticiayendethens and the
underlayer 18, the protection layer 24, and the lubricant layer 26 are

Sirfilay t65t188e BysenbealiRcERBadRYRT P apre irdneidrecersstiption
t | ' : I . e etic coupling,|Jayer
e s e A
gramitanst ittuteyand 2Xlibiting reipeadiculacitnagaeticcanisatmpy:iByhe
exchange interaction of the magnetic coupling layer magnetically coupled
ve;i%ﬁw%%{&gfﬁstﬁﬂaitﬁmeqﬁ W8 Rugnett eBdRANGRYRSY, the

gf)%\@dicular magnetic recording layer and the magnetic coupling layer
form magnetic coupling. For example, the magnetic coupling layer
may belmadendihan ad|bymiageridb $uthyas QpGse CoCekanPaCePrt layer

CoCrPtTa, or CoCrP1tB. The magnetic coupling layer preferably
R RSt CUEHAC COBrPUT R bR ERE gk Comprise a Co

tRmRSRiEeresipiRackis RReS IrRddiiami Diohrersly 18£ording . 4

capability and low-noise property of the granular layer. The magnetic
doulsliageriler Kaydhsbatgtin wamstiactaedreoriptumtay esddesronumetal,

nitnritgl naarepn?t contained at the boun ariesatfetweer? the ma ngltici_ﬁéains

(AOR-niagnetic §rain bELAAEE), which are altermately laminae

continuous film layer 424 may comprise a monolayer film with a large content of
Pt. The continuous film fayer 424 may be a monolayer film of CoCrPt, CoPt,
CoPd, FePt, CoPts, CoPds, amorphous ThFeCoCr, SmCos, NdaFe14B, CosPtss,
or the like.

[0074]

In Embodiment 2, in the magnetic recording layer 430 comprising the
granular layer 420 and the continuous film layer 424, at least the continuous film
layer 424 is provided with groove portions. With this structure, the recording
regions can be magnetically separated from one another.

[0075]

The groove portions may be formed substantiaily only on the continuous
film layer. With this structure, it is unnecessary to form the groove portions with
a high aspect ratio. Therefore, as compared with the case where the groove
portions are formed throughout the entire thickness of the magnetic recording
layer, the groove pc;rtions can be formed easily and with high accuracy. ;'The
structure in which the groove portions are formed only on the continuous film

layer includes the case where the groove portions are formed to reach a part of



The thickness of the magnetic coupling layer is, for example, in the range
of 1 to 20 nm, preferably in the range of 5 to 15 nm. The thickness of
the magnetic coupling layer is preferably equal to or smaller than twice
that of the granular layer, more preferably equal to or smaller than that of
the granular layer. The lower limit of the thickness is greater than zero.
Preferably, the thickness is selected s@gs to exhibit the function as the
magnetic coupling layer. [0082] In Embodiment 3, in case where the
magnetic recording layer 420 of a granular structure 420 and the magnetic

coepting:iay esoatiacpyinueus layembuia manpolayer 42k anePvidegioove
grooves are formed at least on the magnetic couplin%layer 425. With this

Shriéiire ahe e Braihh TegiBrY et BeTRiagAEt el Kepiartddfronaoiee, the
ferah .

e e o B e B B o e

wurecessaryiita faysr diigroave postigast wittha highwaspestaiadieg .

Therefore, as compared with the case where the groove portions are
ot throughout the entire thickness of the magnetic recording layer,

the grom@%ﬁ@@aﬁ@@%éeﬁmeﬁt%?%Jggmiwmgég@egwg&é@m% aspect

structure in which the groove portions are formed only on the magnetic
douphing kaperivcledes tHeorcase evhidre ¢hetignonvefportions dfetfasmedi@ample

reach a part of the primary recording layer as far as the accuracy of the
(OB P ERABT A Giond B HEL e PIRSGH HABURAPIhS BRo ec 0

nAkafiRcIegn i08AEd asihotie THegrie RMRRANBANL MG MBS act in

related to the position of the groove portions as well as the shape and the
difhiehsishast ehazgoelie poricip(tagemzate ssdesaribeatindivgiagtioior

with F(i%s. 2 ande? the gl]atter related to the meéhod of forming the

Jroove romaHa K cHIne thaSels Mg Uy aRer Si et R Al ar

tedhose Nithersrohedineatdraing dsesigiideirof vl e Antitatn the
[gggﬁ]ary magnetic layer. With this structure, the recording regions can be
magnetically separated from one another.

[0077]

For example, the magnetic recording medium has at least two magnetic
tayers different in composition and forming exchange coupling with each other.
The primary recording layer is, for example, one of the two magnetic layers
which is greater in thickness or coercive force. The auxiliary recording layer is a
magnetic layer smaller in thickness or coercive force. Preferably, the magnetic
anisotropy constant Ku of the auxiliary magnetic layer is greater than the
magnetic anisotropy constant Ku of the primary recording layer.

[0078]

Preferably, in the primary recording layer and the auxiliary magnetic layer,
the groove portions are formed substantially only on the auxiliary magnetic layer.
‘-With this structure, it is unnecessary to form the g;‘oc;ve portions with a high
aspect ratic. Therefore, as compared with the case where the groove portions

are formed throughout the entire thickness of the magnetic recording layer, the



(Embodiment 4) Hereinafter, Embodiment 4 of the present invention
will be described with reference to Fig. 7. In Embodiment 4, on the
medium with those layers up to the protection layer 24 formed according
to Embodiments 1 to 3, the groove portions are formed, for example, by
using a stamper having a pattern that corresponds to the groove portions
to be formed. Thereafter, a protection layer 25 is formed on the protection
layer 24 and the surface is flattened. Then, the lubricant layer 26 is
formed. [0086] 29 Hereinafter, the present invention will be described

nyarevs detadiwitreferenae:toan exampleExgmpedkicy. 18-sfructure in
includes views for describing Example 1. In order to confirm the effect of

tHE BreEngiROBATSHLIORE ATBJRETIEFYYOMg MRctiiRL0 WAt B drusle,

I r rt. of the tr i Ir tial

O Bk D ey T P e e
haidaegiensdidg weee forfaedate padiobtheotrackfohOzion thepiposee
of measuring magnetic signals in the regions having groove portions 202
RPHENRRGF S SrathaRy hexyiteddhsrefor eig noifedadoss-section
Egé\{j hotograph of the magnetic recording medium 10 according to

xample 1. In this example, the groove portions 202 having a maximum
depth ofi 3henfowsraifgriredotintee (TE Meohoitgrapbisthd layieelabeltedh of the
"SUL" is the soft-magnetic layer 16. The layers labelled "UL" are the first

SRABYRPS ST WA S Uivis AYR B S Biparab i ereava gordions

thePRIpendictasagnetieHReLIIINIIAYEIR2 o thie 18y IARRISY related to
"COC&Lub" are the protection layer 24 and the lubricant layer 26. The

|y radtisesti el fovETA LhP QR IENYO SN SCARB @INIFORESEEN atepa aetather
ﬁﬁ%gga%p%%%%? {BYEL et arg Irmed In order 1o ke e 1AM eof will be
omitted.

[0080]

(Embodiment 3)

Hereinafter, Embodiment 3 of the present invention will be described with
reference to Fig. 6.

In this embodiment, the magnetic recording medium 10 comprises a
substrate 12, an adhesion layer (a coherent layer) 14, a soft-magnetic layer 16,
an underfayer 18, a perpendicular magnetic recording tayer 430, a protection
layer 24, and a lubricant layer 26 in this order. The perpendicular magnetic
recording layer 430 has a granular layer 420 and a magnetic coupling layer 425
(not a continuous layer but a monolayer) laminated in this order.

In this embodiment, the substrate 12, the adhesion layer 14, the soft-
magnetic layer 16, the underlayer 18, the protection layer 24, and the lubricant
tayer 26 are similar to those described in Embodiment 1 and, therefore,
description thereof is omitted.

[0081]

in Embodiment 3, the magnetic coupling layer comprises a thin film



[0088] Fig. 4 (b) is a tracing view of the result of measurement of
magnetic signals and shows signal attenuation caused by the groove
portions 202. The lower part of Fig. 4 (b) shows the result of measurement
for a single circuit in the circumferential direction. It is confirmed that a
region of attenuated magnetic signals is present in correspondence to the
region having the groove portion 202. $he upper part of Fig. 4 (b) is an
enlarged view of the region of attenuated magnetic signals. From Fig. 4
(b), it is confirmed that, by formation 30 of the groove portions 202, a

DdRenediviing anpattethed meatiymagstbedikpcandbe apriopriaie b xhibiting
formed. [0089] Although the present invention has thus far been

with FEtereREC e BInDBUIRTERR) GRetiscRAlEA SCHRBRERS!IC
F&!&éﬁmﬁéﬂ&%ﬂ%bﬁq@ﬂ&é{m‘%@é&\%EF%%@;% ﬁéﬁ&'@?&fﬁ iR magnetic

embodiments. It is obvious for those skil in the art that these
embodinelgem feheempedifiedar impraxedrscvatiog sayarmershEroaythsic

claims, it js obvious that modified or improved embodiments are
ec?‘f’&ﬁ)jfb%@@d (R AR AR S pe of the present invention.

Industrigd ARRIGARIITAAAGhetic EOGIRMRSEIEINYERH0D r?%@é’gfséﬂt%fh
used, for example, in magnetic recording média. Brief Description of the
Dragigssuch as CoCr, CoCrTa, CoCrPt, CoCrPiTa, or CoCrPiB.

The magnetic coupling layer preferably contains at least CoCrP1. If
CoCrPt is a main component, high temperature resistance is obtained in
addition to high-density recording capability and low-noise property of the
granular layer.

The magnetic coupling fayer has a non-granular structure in which metal
oxides or metal nitrides are not contained at the boundaries between the
magnetic grains (non-magnetic grain boundaries).

The thickness of the magnetic coupling layer is, for example, in the range
of 110 20 nm, preferably in the range of 5 to 15 nm.

The thickness of the magnetic coupling layer is preferably equal to or
smaller than twice that of the granular layer, more preferably equal to or smaller
than that of the granular layer. The lower limit of the thickness is greater than
zero. Preferably, the thickness is selected so as to exhibit the function as the
magnetic coupling layer.

[0082]

In Embodiment 3, in case where the magnetic recording layer 420 of a
granular structure 420 and the magnetic caupling layer (not a continuous layer
bul a monolayer) 425 are provided, grooves are formed at lgast on the magnetic
coupling laye;' 425. With this structure, the recording regions can be
magnetically separated from one another.

[0083]



[0091] Fig. 1 shows a magnetic recording medium 10 according to an
embodiment of the present invention. Fig. 2 shows a structure of a
perpendicular magnetic recording layer 22. Fig. 2 (a) is a top view of the
perpendicular magnetic recording layer 22. Fig. 2 (b) is a cross-sectional
view of the perpendicular magnetic recording layer 22. Fig. 3 is a flow
chart showing a method of manufacturigg the magnetic recording medium
10. Fig. 4 includes views for describing Example 1. Fig. 4 (a) is a
cross-section TEM photograph of a magnetic recording medium 10

accordifg ter&ExXgniptegto fig. ph(b)is astrdcimgadewsfithe spsukiofon the
measurement of magnetic 31 signals and shows signal attenuation

CHASEA5 GHBUVE oftions/S0ANS Sikigl SSstblRd Br&FaEaRY 6F Priaditetic
AL SNBSS B
Erhbt&ﬂhfeg[c&@ l}b\@rme_smeimfemtd)mraugﬁtgjtﬁr@em’satsmkmge of e
megnel recording Imediup 10 according to Embodiment 4 of e presen
high accuracy. The structure in which the groove portions are formed only on
the magnetic coupling layer includes the case where the groove portions are
formed to reach a part of the primary recording layer as far as the accuracy of
the formation of the groove portions and the man-hour required therefor are not
affected.

[0084]

In the foregoing Embodiment 2, the matters related to the position of the
groove portions as well as the shape and the dimension of the groove portions
(the matiers described in connection with Figs. 2 and 3), the matters related to
the method of forming the groove portions, such as the pressing step, and other
matters are similar to those in the Embodiment 1 and description thereof will be
omitted.

10085}

(Embodiment 4)

Hereinafter, Embodiment 4 of the present invention will be described with
reference to Fig. 7.

In Embodiment 4, on the medium with those layers up to the protection
layer 24 formed according fo Embodiments 1 to 3, the groove portions are
formed, for example, by using a stamper having a pattern that corresponds to
the groove portions to be formed. Thereafter, a protection layer 25 is formed on
the protection layer 24 and the surface is fla‘tte’ned. Then, the lubricant layer 26

is formed.

[0086]



Reference Numerals [0092] 10 ... magnetic recording medium, 12 ...
substrate, 14 ... adhesion layer, 16 ... soft-magnetic layer, 18 ... first
underlayer, 20 ... second underlayer, 22 ... perpendicular magnetic
recording layer, 24 ... protection layer, 26 .. lubricant layer, 102 ... track,
104 ... guard band region, 202 ... groove portion, 302 ... broken line. 32
CLAIMS 1. A magnetic recording e&dium comprising a substrate and
a magnetic recording layer formed on the substrate, wherein: the
magnetic recording layer has a plurality of tracks which define recording
regiong-extenaliieg ima sesmening dirdictionibe negmdter eac amd sthichith
ar karraneged in paralle] in a direction intersecting with the scanning
ofﬁeé%(t%ﬁ, o %ﬂg’ﬁﬁ &tic recording layer being provided with a greove
portion/whigh g fermed in a region between the tracks on the surface of
the magnetic recording layer and which extends along the tracks; and

the grobige portvrdeirigisrinedassiihingihsaorpksisebtiondef theandigneatic

L TR G T ot BUrtoR B g
GRind@ampnithaefrienss o anayerade haighl ohihe Hagks Pebnesn

which the groove portion is interposed, the average height being obtained
idiERelgRiviag drtRedenteeUotane padidmeddiathaissrage didhe gnard band

regions 104 were formed at a part of the tracks 102 for the purpose of
measuring magnetic signals in the regions having groove portions 202 by the
use of an ordinary head.

[0087]

Fig. 4 (a) is a cross-section TEM photograph of the magnetic recording
medium 10 according to Example 1. In this exampie, the groove portions 202
having a maximum depth of 3 nm were formed. In the TEM photograph, the
layer labelled "SUL" is the soft-magnetic layer 16. The layers labelled "UL" are
the first underlayer 18 and the second underlayer 20. The layer labelled "Mag"
is the perpendicular magnetic recording layer 22. The layers labelled
"COC&Lub" are the protection layer 24 and the lubricant layer 26. The layers
labelled "METAL FOR TEM" and "CARBON FOR TEM" are a metal layer and a
carbon layer which are formed in order to take the TEM photograph.

[0088]

Fig. 4 (b) is a tracing view of the result of measurement of magnetic
signals and shows signal attenuation caused by the groove portions 202. The
lower part of Fig. 4 (b) shows the result of measurement for a single circuit in
the circumferential direction. 1t is confirmed that a region of attenuated
magnetic signals is preser{t in correspondence 1o the region having the groove ,
portion 202. The upper part of Fig. 4 (b) is an enlarged view of the region of

atfenuated magnetic signals. From Fig. 4 (b}, it is confirmed that, by formation



the width of a region of the groove portion having a depth equal to or
greater than 1/2 of the maximum depth is in the range of 5 to 30% of a
track pitch which is a distance between the centers of adjacent ones of the
tracks in the widthwise direction. 2. The magnetic recording medium
according to claim 1, wherein: the magnetic recording layer contains
magnetic grains of a crystal structure; 30 the magnetic grains under the
groove portion having a short crystal axis in a direction perpendicular to a
primary surface of the substrate as compared with the magnetic grains in
theé Wicipityoot thercemte? (f, eaChi frackdiuthea 33 wddtbwise divectionhe 3. can
A method of manufacturing a magnetic recording medium comprising a
RB SRR HRIGHRSic recording layer formed on the substrate, the

‘ r'f@@@gg comprising: ~ a magnetic recording layer formation step of
forming the magnetic recording layer on the substrate; a protection
layer fotitiaticyh steppok fembingen ootbetidhuayer baghelesagbetiavith

ding | : . i tep of ' - di o
R OTRIE T G ooy Tk Lo O PFap A GaoBrs
thetniatedion iByeripuasda s BRTBIY FUHE e AR erRstrales oo Seor

groove portion in the non-recording region, the non-recording region being

iteRsosEtiendtwWeernd platdlissefeedmdingregions e whidhiedagnetigroved in
signals_are record respectively; ... wherein the recording regions ar
Nt R B o R AR oty (S kg
reagietic e@dire encompassed within the technical scope of the present

invention,

Industrial Applicability
[0080]
The present invention can be suitably used, for example, in magnetic

recording media.

Brief Description of the Drawings
[0091]

Fig. 1 shows a magnetic recording medium 10 according to an
embodiment of the present invention.

Fig. 2 shows a structure of a perpendicular magnetic recording layer 22,
Fig. 2 (a) is a top view of the perpendicular magnetic recording layer 22. Fig. 2
(b} is a cross-sectional view of the perpendicular magnetic recording layer 22.

Fig. 3 is a flow chart showing a method of manufacturing the magnetic
recording medium 10. .
l;ig. 4 includes views for describing Example 1. Fig. 4 (a) is a cross-

section TEM photograph of a magnetic recording medium 10 according to

Example 1. Fig. 4 (b} is a tracing view of the result of measurement of magnetic



the pressing step comprising forming the groove portion in a region
between the tracks; the groove portion formed in the pressing step
being formed so that, in a cross-section of the magnetic recording layer
taken along a plane perpendicular to the scanning direction: the
maximum depth of the groove portion is in the range of 0.5 to 10 nm with
reference to an average height of the tfcks between which the groove
portion is interposed, the average height being obtained in the vicinity of
the centers of the tracks in a widthwise direction, and the width of a
régivalohieshorysgosic draviniga cestocoughto er gueates thah 1/2 of
the maxim gepth is n the range of 5 to 30% of a track pitch which is a
distance BeRwESH b BAHLHS o U HEBRE B eecsr B aERU A tbeccording t

vrigiBwise Sifecipie prededin@BRHARd according to claim 3, wherein the
protection layer comprises a diamond-like carbon film. 33a 5. The

method 8 doRdinyI G clknalBrerd surawredongeizidigy medilubricanttayeing to

RImIan, SERs Of i 'é”;;%rr‘gsgr;yltg}r!v%%niltgl&yer on the protection layer;  the
pressing step tomprising pressing the non-recording region from an upper

side of e InBrEARt dayaliciure 6f 4 heaBRInOd-aeeaningdaiaRy @ 8ebrding to
claims 3 to 5, wherein the pressing step comprises pressing the

e eebr@ini rebiba BieasHd W etdiRiper having a pattern that

corresponds to the groove portion to be formed.

Heference Numerals
[0092]

10 ... magnetic recording medium, 12 ... substrate, 14 ... adhesion layer,
16 ... soft-magnetic layer, 18 ... first underlayer, 20 ... second underlayer, 22 ...
perpendicular magnetic recording layer, 24 ... protection layer, 26 ... lubricant
layer, 102 ... track, 104 ... guard band region, 202 ... groove portion, 302 ...

broken line.



7. The method according to any one of claims 3 to 5, wherein the pressing
step comprises pressing the non-recording region by bringing a
needle-like member into contact with a surface of the magnetic recording
layer. ABSTRACT [PROBLEMS] To appropriately form a DTR medium, a
patterned medium, or the like in a manner less likely to cause the
problems of prolonged process time aié increased cost. [MEANS
FOR SOLVING PROBLEMS] A perpendicular magnetic recording layer 22
has a plurality of tracks 102 which define recording regions extending in a
scanning direction of a magnetic headAditbwhich are arranged in parallel
in a direction intersecting with the scanning direction. The perpendicular
magnetic recording layer 22 has a guard band region 104 formed on its

surface; andrpsgwidied witt @4y oavaRAriomghdwhich extends:Alendhgnetic

tracks 102. In a cross-section of the perpendicular magnetic recording
|8 dR gallgaTdloneed praie peisirduldratsiine scanning direction, the

i depth D of th ion 202 is. f 0.5 to 10
it e e e R P MR 555 5 Fetg o2
hebwREAYVRIED bR SnRIRPRr e 207 IS IIRRTEE: 4 he.greirgedeight

is obtained in the vicinity of the centers of the tracks 102 in a widthwise

didelicHe B RagHh noef allpbfich BfeRiogroves potionibd rashny aing

gﬁ%t%bsﬁual to or greater than 1/2 of the maximum depth is in the range of
to o of a track pitch.

the magnetic recording layer being provided with a groove portion which
is formed in a region between the tracks on the surface of the magnetic
recording layer and which exiends along the tracks; and

the groove portion being formed so that, in a cross-section of the
magnetic recording layer taken along a plane perpendicular to the scanning
direction:

the maximum depth of the groove portion is in the range of 0.5 to 10 nm
with reference to an average height of the tracks between which the groove
portion is interposed, the average height being obtained in the vicinity of the
centers of the tracks in a widthwise direction, and

the width of a region of the groove portion having a depth equal to or
greater than 1/2 of the maximum depth is in the range of 5 to 30% of a track
pitch which is a distance betwesen the centers of adjacent ones of the tracks in
the widthwise direction.

2. The magnetic recording medium according to claim 1, wherein:

the magnetic recording layer contains magnetic grains of a crystal
structure; . ,

the magnetic éfains under the groove portion having a short crystajf axis
in a direction perpendicular to a primary surface of the substrate as compared

with the magnetic grains in the vicinity of the center of each track in the
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widthwise direction.

3. A method of manufacturing a magnetic recording medium comprising
a substrate and a magnetic recording layer formed on the substrate, the method
comprising:

a magnetic recording layer formation step of forming the magnetic
recording layer on the subsiraie;

a protection layer formation step of forming a protection layer on the
magnetic recording layer; and

a pressing step of pressing a non-recording region of the magnetic
recording layer in a direction from an upper side of the protection layer towards
a primary surface of the substrate to form a groove portion in the non-recording
region, the non-recording region being interposed befween a plurality of
recording regions in which magnetic signals are recorded, respectively;

wherein the recerding regions are defined by a plurality of tracks that
extend in a scanning direction of a magnetic head,

the pressing step comprising forming the groove portion in a region
between the fracks;

the groove portion formed in the pressing step being formed so that, ina
cross-section of the magnetic recording layer taken along a plane perpendicular
to the scanning direction:

the maximum depth of the groove portion is in the range of 0.5 to 10 nim
with reference to an average height of the tracks between which the groove
portion is interposed, the average height being obtained in the vicinity of the
centers of the tracks in a widthwise direction, and

the width of a region of the groove portion having a depth equal to or
greater than 1/2 of the maximum depth is in the range of 5 to 30% of a frack
pitch which is a distance between the centers of adjacent ones of the fracks in
the widthwise direction.

4. The method according fo claim 3, wherein the protection layer

comprises a diamond-like carbon film.
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5. The method according to claim 3 or 4, further comprising:

a lubricant layer formation step of forming a lubricant laver on the
protection layer,

the pressing step comprising pressing the non-recording region from an
upper side of the lubricant layer.

8. The method according to any one of claims 3 1o 5, wherein the
pressing siep comprises pressing the non-recording region by using a stamper
having a pattern that corresponds fo the groove portion to be formed.

7. The method according to any one of claims 3 to 5, wherein the
pressing step comprises pressing the non-recording region by bringing a

needle-like member into contact with a surface of the magnetic recording layer.



