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 RetenyDocymenidnd0003hEDIUM 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 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).
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Proposals 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-2006-127590 Patent Document 22 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
Beistibfectedf tha tomplivated process. Therefore, mass production of

L R R o prtiems for xample,
[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
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



In existing methods, a step 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

affetts thosé problees pfqpeleniged prddess:tinwel andtintreaAs@theass. above, it
For example, in the method disclosed in Patent Document 2, it
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recording layer by heating and thus cannot easily be applied to
usERhthindfilaeimag hietic bisiesroe thie tikd cTolel¢his-film magnetic disks
include, for example, magnetic disks having a continuous thin-film type

magnetic layer formed by vapor deposition such as sputtering. [0007] 3

mﬁm@pggr@Wg@éjmgg%time and increased cost. In view of the
above, it is an object of the present invention to provide a magnetic

rB¥8taing medium and a method of manufacturing a magnetic recording
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having a depth corresponding to the entire thickness of the magnetic
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appuziciatéhedchiaye snagietitt sepapdiian betweesdeaordingisesinns!
The present inventors also found that such grooves can be formed in a

AP TR iR fPBRIRR I RIS BIISIIRGEp BaiRa SaEhd
INCE6ARRY RQ5bns. The 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



[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 wherg 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,

nagnetic.sepgeatian isipossible:hyfooming groovesableast antheing layer to
auxiliary magnetic layer. The present inventors also found that, in case
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magnetic recording layer to ereto, m ic separation

betweehhrepordary regiatisrisipossible thefioing granvasratleast on the

magg&netic coupling layer. The present invention may have the following
flres. [0010]

(Structure 1)

A magnetic recording mediurm comprises a substrate and a magnetic
recording Iayer formed on the substrate. The magnetic recording layer has a
piurality of tracks which define recording regions extending in a scanning
direction of & magnetic head and which are arranged in parallel in a direction
intersecting with the scanning direction. The magnetic recording layer is
provided with a groove portion which is formed in a region between the tracks
on the surface of the magnetic recording layer and which 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



(Structure 1) A magnetic recording medium comprises a substrate
and a magnetic recording layer formed on the substrate. The magnetic
recording layer has a plurality of tracks which define recording regions
extending in a scanning direction of a magnetic head and which are
arranged in parallel in a direction intersecting with the scanning direction.
The magnetic recording layer is provided with a groove portion which is
formed in a region between the tracks on the surface of the magnetic
recording layer and which extends along the tracks. The groove portion is
forpeed Hout)ahdymeresseseationahte anagneaslicecorsinglayesiaken
along a plane perpendicular to the scanning direction, the maximum depth
JPEREHREVE PEtiGHESGHTRE rdhi§e BPOOS 6T Hiisib Fetepehdesttiiniom a

o N . | v e
e e B TR, tonegier
thestraoks icaa Widtbwise diractiannin aaldition, theiwidihiofiagegionafidhe no
groove portion havingFa depth equal to or greater than 1/2 of the
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widthwise direction. [0011] ~ With this structure, it is possible t

dppropfiidtely perforonpatneticzse panatiord betnemstheosacks. Suck

3roov s can be formed by directly pressing the magnetic recording layer
pper layer formed thereon, without using lithography, etching, or
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layer or the like is formed on the magnetic recording 5 layer. Thus, the
grebvessiamdleafuiniecy after e Riparyitt treorvagietitngealtdiriy medium
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rooves are formed. Thus, with this structure, a DTR medium, a patterned

S @EBRENe like can be appropriately formed in a manner less likely to
Z@H% the problems of prolonged process time and increased cost. [0012]
Sso, 1]he grooves having the above-mentioned depth can be formed with

high positionaliascniatyas eompaigdnaihugrooveshadngidivanthiayers,
corresponding to the entire thickness of the magnetic recording layer.

PHEReRS8 TR ARG G Al R h IR GRS IKE . APEEIBFmed
WAL, Rty acoura@ [0933hie, 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,



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 to 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 magnetic recording are
formed on the magnetic recording layer, it is possible to properly exhibit

the:eftectafiitie @reove pagtiopsrelaied te magreticiRonestigs, such as
improvement of S/N ratio. [0014] For example, the magnetic recording

igh is a magnetic disk comprising a disk-shaped substrate and a
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the cross-section of the mag%—:-%ﬁc recor ayér taken along a plane

pecpendiculartortheescansingadireetivr iSiHer eRaE M HGAGIEEHRR//HON
taken alon%g plane parallel to the radial direction. [0015] The surface
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[0016] The vicinity of the center of each track in the widthwise
diretdbn is, for example, a central area of the track having a width in the

5 to 10% of the track pitch. Th height obtained.in th
viciniy BRNERUEAS B GRAEAS bt ed BTBEGh JSerdfon = for

example, the-avenagesbhgightackitlaspachigR Predetargineds 1o 10% of
reference plane parallel to the primary surface of the substrate. [0017]

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



When the magnetic recording medium is a patterned medium, the

magnetic recording layer 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] (Strgcture 2)  The magnetic

recording layer contains magnetic grains of a crystal structure. The
magnetic grains under the groove portion have a short crystal axis in a
ditectiareperpenidiculas te ke piimasyisurtageinfifhsr swbstiateras ohch track in
compared with the magnetic grains in the vicinity of the center of each
ﬁﬁ@mﬁ%*%ﬁ@iﬁ%g@rﬂir\é&%%%v%\mwaﬁ%%tﬂu@w&saw§ possiprergately form
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maghietic cedoedikg. layer contains magnetic grains of hcp crystals. In this
case, the crystal axis perpendicular to the primary surface of the substrate
i@%%xample, the c-axis of the hcp crystals. In this case, the magnetic

grains lf%ﬁaéﬁngB@%ﬁ@%ﬁi&ﬁé’ﬁoﬂ%@!ﬂﬂ%&&%ﬁﬁm@iﬁ@%ﬁ%@%@%ﬁns of
with, for example, their c-aXes shortened as compared with magnetic

dreins ysttie. vicitity ofsheibentarsttl eachpesoknf0028] fo the primary surface
of the substrate is, for example, the c-axis of the hep crystals. in this case, the
magnetic grains located under the groove portions are grains of the hep crystals
with, for example, their c-axes shortened as compared with magnetic grains in
the vicinity of the center of each track.

[0020]

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 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 A050. [0021] (Structure
3) A method of manufacturing a ntagnetic recording medium
comprising a substrate and a magnetic recording layer formed on the
substrate comprises a magnetic recording Iayer formation step of forming

the netlc recor yer .on the substrate; rotectlo er rmat
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th trp rality of recording regions in which magnetic signals 8 are recorded,
‘éﬁectively, wherein the recording regions are defined by a plurality of
tr& cks that extend mip scagnln direction of netic.head;
§
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refergufrct:getct)r%%kgx}gr%gvvéq’ntggh Itr eCt{Panék%ngetween 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



the width of a region of the groove portion having 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 regiggs. Consequently, a DTR medium,
a patterned medium, or the like is appropriately formed. [0023] Itis
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

grodPEMeoRa Mo RefimAlier dha desmation pka pretestiomiayesghetic
only the magnetic recording layer but also the protection layer must be

recoPYPIS TR (O GUHIBE tHOWRMBEHBE RFRICEH0S: IBYei B]barstrrAdherRIOowever,
difficult to cut. [0024] On the other hand, according to the Structure 3,

the pRearaeMaRRTINEfALRe areRratelyitormedaven after the protection
layer is formed. Therefore, the substrate need not be removed from a film

[Qggkyming apparatus after the magnetic recording layer is formed. Thus, with
this structure, a DTR medium, a patterned medium, or the like can be

formpeshdn-AHBARRRE esscikeldasavsesthecpigb Brascof iolengettions can be
process time and increased cost.
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



[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 layer by pressing the protection layer
from an upper side of the additional layer formed on the protection layer.
[0026] (Structure 4) The protection layey comprises a diamond-like carbon
film. The 9 diamond-like carbon film is, for example, a carbon-based film
having a diamond-like structure. The diamond-like carbon film may
adlditionatijkeantainnfoleikarioplexhydiogemanitcogen: @antithedikeq@027]
The diamond-like carbon film is very hard. However, with the Structure 4,

HeRdicheasidibeton Ry &8 088d heajiusvEportmnaddnaselly contain,
aBPRIiately founssbAltariRRralRetnn fayer is formed.

[0027]

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 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



[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 tayer. [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
focenedny\Vith:thisststieturay teé phessing stepreanitig dpproprigtelycarriaithg
out. [0030] (Structure 7) . The pressing step comprises pressing the
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step can be appropriately carried out. [0031
layer taken along a plane perpendicular to the scanning direction, the maximum
depth of the groove portion is in the range of 0.5 fo 10 nm with reference fo 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. 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.
[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



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 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.
Imadditiong thecwidithyaban reginnoofithe groave pertion haxngon deph magnetic
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 approp y formed e pressing
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formed in a manner less likely to cause the problems of prolonged
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TR medium, a patterned medium, or the like in a manner less likely to
¢&08e]the problems of prolonged process time and increased cost. Best
MOdeS‘ifRé %{%%}ggeo‘i%tig,]?olrnggg{gz%?eanogéL(gan;gorgL‘[ggngflg)iass. For
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
layer 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,



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, gn 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

lulprieartlaxey 26 [003%ach dhesdbatratedatis fotaxampie:sntiskase

made of glass. For example, the glass may be aluminosilicate glass,
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rohmagnetic substrate made of carbon, Ti, ceramics, or the like. [0036]
The adhesion layer 14 serves to improve adhesion between the substrate
19%Hd the soft-magnetic layer 16. In this embodiment, the adhesion layer

l4is a&ﬁéﬂﬂ%ﬁﬂ%ﬂ%@r'ameén&feﬁ%gg%mR&ébﬁf&hf@@éh'@%‘afo%%; the

for example, approximately 10 nm.
crystal structure of the perpendicular magnetic recording layer 22. In this

embodiment, the first underlayer 18 is a Ta layer. The first underiayer 18 has a
thickness of, for example, approximately 3 nm. The second underlayer 20 is a
Ru alloy layer. The second underlayer 20 has a thickness of, for example,
approximately 20 nm.

[0040]

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)



The soft-magnetic layer 16 forms a magnetic circuit between a head and
the perpendicular magnetic recording layer 22. For example, the
soft-magnetic layer 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] 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,

famexample byl diprRrarigately 0.9 nm. Each of the soft-magnetic material
9ié(ers may be, for example, a CoTaZr layer having an amorphous
(iéttlre. Each of the soft- magnetic material layers has a thickness in the

range I [ e first under yer 1
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approximately 20 nm. [0040] e perpendicular magnetic r ding

layen22risiauniagnetic iy etccordpiningimalyneticegiaths having a crystal
structyre. The perpendicular magnetic recording layer 22 is preferably a

tic layer having a granular structure in which oxides segregate at

boundaqﬂ?édaagiweﬁ@ ﬂ@@om&awe&ﬁﬂﬁw}éﬁé BRI B AdIME e cond
the perpendicular magnetic recording layer 2 is a (CoCrP0-6(5i02) layer.
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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.



[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
of 3 to 5 nm. The lubricant layer 26 serugs to 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
dqoatiay. [0042]  The magnetic recording medium 10 may further contain
a thin metal layer, for examﬁ%e, made of CrTi or the like and, for example,
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EH% further comprise, as the second underlayer 20, two Ru alloy layers
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and a longer intergrain distance. With this structure, isolafion of crys

geaips inf Gikipetendicylefensiginétidire cardinglaye225is promatedpreferably
[I%O%Aé] range of 80 to 100 nm.

[0047]

Fig. 2 (b} is a cross-sectional view of the perpendicular magnetic
recording layer 22 and shows a siructure of the groove portion 202. The cross-
section is taken along a plane parallel to the radial direction of the substrate 12.
In this embodiment, the groove portion 202 is formed at a center portion of each
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



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 ygagnetic head. [0045] In this
embodiment, the perpendicular magnetic recording layer 22 is provided
with a plurality of tracks 102 arranged in parallel to one another in a
dirggtiopcintersecting with the head scanning direction. Regions interposed
between every adjacent tracks 102 define guard band regions 104 as

B4 ording regions. In this embodiment, each guard band region 104 is .
provid Itk rti [
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Therefore, the tracks 102 are concentrically arranged at a constant track
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track pitch L'is, for example, in the range of 60 to 200 nm, preférably in
theaarige: of EOntersginmecordiegoredeiably! ih theprahgek 8B4 00 madium.
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direction of the substrate 12. In this embodiment, the groove portion 202 is

fesrphdE Bt deceprer poreeneiehenngedrd band region 104 in the widthwise

ig&&ggm The maximum depth D of each groove portion 202 is, for
xample, in the range of 0.5 to 10 nm, preferably in the range of 1 t0 5

nm. FoTiexamagiestibedterting iscaideptowidiypepeshi@ thecBvRi&deh. In this
height depicted by a broken line 302. The average height is, for example,
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formed on the perpendicular magnetic recording layer. From the cracks,
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[0050]

Fig. 3 is a flow chart showing a method of manufacturing the magnetic
recording medium 10. in the following description, the 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



If the maximum depth D of each groove portion 202 is excessively shallow
(smaller than 0.5 nm), no substantial difference exists between crystal
axes of the magnetic grains at a pressed portion of the perpendicular
magnetic recording layer and those at a non-pressed portion. Therefore,
perpendicular magnetic anisotropy is not decreased so that magnetic
separation can not be 15 achieved. [0948] 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%,

prefereibly 1208013 htatiohte iraghk Pitsre WL BNS Sir4Gki & iMagbRtiSep, and
separation between the tracks 102 can be appropriately performed.
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The magnetic recording medium 10 may be a patterned medium. In this
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separating bits in each track 102 from one another. The concaved
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rtions 202, [0050] Fig. 3 is a flow chart showing a method of
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for the pressing step

adhesion layer formation step to the protection layer formation step, the
respective layers from the adhesion layer 14 1o the protection layer 24 are
successively formed on the substrate 12 without removing the substrate 12 from
the film forming apparatus.

[0052]

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 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,



[0051] In this embodiment, the substrate 12 is cleaned at first (S102).
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 layer 14, the
perpendicular magnetic recording layef 22, and the protection layer 24
(S104). In the protection layer formation step, the protection layer 24 is
formed, for example, by CVD. Each of the 16 adhesion layer formation

step gioe veagnetied ecordirgdayeifarmatignzstepa Anddhe Riotestioniayehe
formation step is carried out, for example, by using a method same as or
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224y tospedion doesubetsatenbladtet thaseJayessfamrihec-adhesion lubricant
layer 14 to the second underlayer 20 are formed thereon. As regards the

prORICHT RS 98Pthe protection layer 24 is formed on the perpendicular
tic recording layer 22. Thus, in this embodiment, in those steps
from the adhesion layer formation step to the protection layer formation

step, tHe tespeetistnyers, ftenytheddhesioylayeril4 wréherasotectising, for
layer 24 are successively formed on the substrate 12 without removing the
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on the protection layer 24 (S106). Preferably, the lubricant layer formation
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magnetic recording medium 10 with ayers up to the lubricant layer
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in a direction from an upper side of the lubricant layer 26 towards the
rﬁﬂ%@al surface of the substrate 34. Thus, in the pressing step,

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]



17 the groove portions 202 are formed in the guard band regions 104.
When the lubricant layer 26 is formed using another film forming
apparatus different from that used to form those layers up to the protection
layer 24, the pressing step may be carried out between the protection
layer formation step and the lubricant layer formation step. [0054] In
the pressing step, the guard band regigs 104 are pressed using, for
example, a stamper having a pattern that corresponds to the groove
portions 202. The pattern that corresponds to the groove portions 202 is,

for exampleidiseratie ackoentiern that Gosesnands e groove Reiepsately

for a DTR medium. For example, the stamper is formed by nanoimprint
téernetbaleihdil mgiiner ofiBago taye sortioles 2o Rbandrd Wyprdtiiiately
f by pressing. The stamper may form various kinds of markers on
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marker indicating a servo starting point. [0055] In the pressing step,
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surface of the perpendicular magnetic recording layer 22 while the
tic recording medium 10 is rotated. In this case also, the groove
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pressing step is followed by an inspection step of inspecting the magnetic
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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



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 to remove 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
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. [0058] The magnetic grains under the groove portions 202

faemedidn thepressiaiapihpye asshosbarysiyraxis i direcionderiayer 18,
perpendicular to the primary surface of the substrate 12, for example, as
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Embodlment 2 of the present invention will be described with reference to
draiNRRRsIRRgBeth mﬁﬁ’é{ ic! reeerdigSineBiGIRc RO RIIb IO D BNne
emkediment of the present invention. Fig. 1 (a) shows a structure of the
magnetic recording medium 10. In this embodiment, the magnetic

rEiding medium 10 is a magnetic disk of a double-layered perpendicular
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underlayer 18, a perpendicular magnetic recording layer 430, a protectlon
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control layer, an isolation promoting layer, and a miniaturization promoting layer
which are formed on the soft-magnetic layer 16 in this order.

[0061]

The first orientation contro! layer serves to control the crystal orientation
of the second orientation control layer as an upper layer formed thereon. In this
embodiment, the first orientation control layer 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



In this embodiment, the substrate 12, the adhesion layer 14, the
soft-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] The underlayer 18 serves to control the
crystal structure of the perpendicular magnetic recording layer 430. The
underlayer 18 may be a multilayer filmgpmposed of a plurality of kinds of
films. In this embodiment, the underlayer 18 comprises a first orientation
control layer, a second orientation control layer, an isolation promoting

layanand g pHpaky izrlienRremeting dayerwbichaye famediondhen. For

soft-magnetic layer 16 in this order. [0061] The first orientation control
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nm. [0062] The isolation promoting layer serves to promote isolation of the
GHRIZKIBE GiXiAY BY'separating the compositions of an upper layer formed
n. For example, the isolation promoting layer is formed by
sputtering under a gas pressure higher than that during formation of the
Ru layeéhagnireasetomichorfentationaclanyrobtyes. ibhusntioteisolaitiomrization of

promoting layer. is formed as a Jayer in which crystals are small and crystal
&%m@&y%l gp%{rﬁﬂeﬁngm%ﬁé B}ﬂé&hereon. )(n t?us embodiment, the

miniaturization promoting layer is a layer {CoCr-SiO; layer) of a granular
structure containing nonmagnetic crystal grains, in which SiO. segregates at
boundaries between nonmagnetic CoCr crysial grains. In the miniaturization
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,



In this embodiment, 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] The miniaturization promoting
layer serves to promote miniaturization of crystal grains of an upper layer
formed thereon. In this embodiment, the miniaturization promoting layer is
a layer (CoCr-Si02 layer) of a granularstructure containing nonmagnetic
crystal grains, in which Si02 segregates at boundaries between
nonmagnetic CoCr crystal grains. In the miniaturization promoting layer,
the envstadistructure of ceChisroneyample raREPAY SRl BtHIsIUFRd he
miniaturization promoting layer may partially contain CoCr of a bcc crystal
stgteireMmtHee AR Zatoh rombtingayer shepsomiena e GRS, for
16?) le, approximately 12 at% (for example, 10 to 16 at%). The
thickness of the miniaturization promoting layer is, for example,
approximately i@y she roiniaéurizgiien P ERaedingd ayesdhe SaNEidibiting
layer 420 of the perpendicular magnetic recording layer 430 is formed.
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grains are CoCrPt of a hcp crystal structure, The size {diameter) of each

BEggwediclgrarlin the range of, for example, 5 to 20 nm, preferably in
BLange of 8 to 15 nm. The width of the grain boundary of the magnetic
rains'is equal to or greater than 0.5 nm, for example, in the range of 1 to

20 nmTHeredmtagviathsob thengerid heunsany ofdbe-magnelicerminsds
for example, the average of widths of the grain boundaries of the magnetic
Wgﬁﬂ@g}gﬁg|g}qb9@gwg@¢ef@@6pe boundaries of the magnetic grains. In

this embodiment, the nonmagnetic substance is, for example, silicon oxide
(SiO2). As the nonmagnetic substance, for example, titanium oxide (TiQy) may
be used instead of Si0;. Inthe granular layer 420, the content ratio of SiO, or
the like is, for example, in the range of 10 to 16 at%, preferably in the range of
12 {0 14%.
[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



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

byt aninEtuizationof the eRMAENLlic BIDANGS, HoweNel e 68 EiNe:
force Hc and perpendicular magnetic anisotropy of the granular layer 420
ieiplTay bectegihtaonicidl 4 sUiSposc thatjiltonsduugrriyitidaye 420 is
%&%923'%&5 the granular layer 420 itself is degraded. In this embodiment,
howeéver, the continuous film layer 424 is formed on the 22 granular layer
42064 is therefore possible to suppress occurrence of these problems

even if the content ratio of Si02 or the like in the granular layer 420 is
increasetf fOOGHENY COTHEIdaUpliAgLoRtES 49 srniRISbpeksanatbm ot agestic

et SmAaneH e SOARIRG REreRth he RS SRS 2. 1o

contin m layer n this'embodimeént, the coupling con

422 isriescixampleieacBddayg cbavinggdec erysialstesetise Th®d layer
thickness of the coupling control layer 422 is, for example, equal to or

R4 i5h iR fIFeiEmRplé N iHeknatgecb e pyRlishae HreiwIi AR is,
t roX| .. Jhe
afEaohe Ao S Gl W R
filrh fayepaddrably layewinanbiehfexehange coufiingiammiestproparaliel 0.8
to the Primarﬁﬂ%urface of Ehe substrate 12 continuously spread. The
PtinBESHHRAGECASR IR S BPtReAIAMRAry magnetic layer

g(])ntains magnetic grains exhibiting perpendicular magnetic
anisotropy. These magnetic grains form magnetic exchange coupling with
the mabretoraitsiefiinelgyandld layelege0imwihictireciimmge coupling in a

%ier@:%{&%i%g%rﬂg }Q ?f%rg?%grffusr&?%ecg fotpt%g %B%tsrtar%eteliz'z continuously spread.
The continuous film layer 424 is an example of the auxiliary magnetic layer and
contains magnetic grains exhibiting perpendicular magnetic anisotropy. These
magnetic grains form magnetic exchange coupling 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



[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,
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 anether in the 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

stictises thenmed stepiityrohseearirdizadarianalsdsinmnmoyad anﬂgiéﬂgza by
magnetization of the continuous film layer 424 by magnetization of the

graslnaiaaiien H 0T aEtHEKNEES 'dfihe EBAtAIRGIS Fnaldyecaniinigofertiim
in t t bly in th f310 6
e Al R T B Tod A PR Rl oo

thickmesswoad thefgrabylar inyenAge andithe thickness B of the

continuous film layer 424 is, for example, in the range of 1 to 5, preferably
il }ange of 2 to 4. With this structure, excellent perpendicular magnetic

recordi@ﬂ@f%%o@%@ﬁﬂ@%ﬁhﬁé@%%@l E%T%Ié'ggr ﬁé%f%{maobh%the

magnetic grains In the continuous ave a magnetc

dhislotexpyicohstantomiaximurilanispirepiic enérgyxKmgieatethamdorof 1 to
example, that of a soft-magnetic material. With this structure, the magnetic

FoiEPHaNs Tolite@ o cotihudtEviRiisyacise s eie i pecaanaicular
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constant Ku greater than that of the granularlayer 420. The mater
dbatinagusifiligriaye e taytihave afitudegive 48rcbade smalgndtiaantootropy

example, the coercive force Hc of the material of the magnetic grains in
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408, each kind of layers being about three in number (for example, two to

thrEe|a9elis) e fiatsydadidaad beneoed iayeidta08 kenettinuous film

' ins_of CoCr. Each of the CoCr | 6 has.a thick ,
R b e E A TS
iiarasedespsiberbabive nihemagnetis giainaelCakt may aokhaye Rave a

crystal structure. The CoCr layer 406 mae/ contain magnetic grains of

CORPNEVRIGR T ETR/ el LRI aRE md e AoB warroinag tric
S s AR oo o ke
peagaetic

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



24 anisotropy is produced at the boundaries between the CoCr layers 406
and the Pd layers 408. By laminating three layers for each kind, necessary
perpendicular magnetic anisotropy is obtained. With this structure, the
continuous film layer 424 can be reduced in thickness as compared with
the case where the continuous film layer 424 is a monolayer. [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

naajsbedpmivlplayeictitmiCoxXtd edlida bempEsiNBCOLIMBRYD (RYShS: the
n_in number, and Pd or Pt layers, n in number, which are alternately

|ARiIFRE. 4A%e EHnERtIGaYTINTIRfeRAO% MRay: Boiibnse EATGABRIyer film

' - . Pt ] i | 4 be a
e s KPR ALE A A U Rous
ThiréiGotirs SmCogNd2ReldB: CoROBE0, ordhe:tkesd®didared With the
Embodiment 2, in the magnetic recording layer 430 comprising the
grarriIP RGP a SO S E5RUAVRLAAAS AyRPADAYEE least the

@t}@yous film layer 424 is provided with groove portions. With this
structure, the recording regions can be magnetically separated from one

anothel.{O0BE]inucThéigréowss pirtiony may hésforimeskaulstardisiy-gaky
on the continugus film Iaégr. With this structure, it is unnecessary to form

R GASHIE BB BN RIA EPhigRASPERRYAHS. HiRdAYRré 2As ednfsirbd stk CoB
the SasR e the grove paiers %feém%w@ﬂgﬁ%}éhﬁ@mgg be a

thickness of the magnetic recording layer, the groove portions can
foretdayvessing ana it highthceumeys M€ stametpreindiajeisthe igroovder,
B e S s e AP e e e e
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 primary recording layer as far as the accuracy of the formation of the
groove portions and the man-hour required therefor are not affected. For
example, the structure includes the case where the groove portions are
formed from the continuous film layer 424 to an upper part of the granular
layer 420. [0076] In the foregoing Embodiment 2, description has
been made of the aspect in which the gepoves are formed on the
continuous film layer 424 as an example of the auxiliary magnetic layer.
However, the present invention is not limited to the above-mentioned

aseestTdie presetdnvgnlion iacludesthecaspesinmhichnwhens the groove
magnetic recording layer has a primary recording layer for recording

PRAGHATR BTGAR AL SR HURHHIPREEIafRg Tagiohalreiacally dousiew!s, the
V‘é‘é“uﬁﬂ%ﬁ%%%’e@% gg%'gﬁ%ﬁeg{ﬁé’\ﬁféo%e é8%%‘§ %Fée%%%'& P8m the

auxiliary magnetic IS structure, the recording regions can be

roagtieticatyise payateid framuonepaofizer of00é 4 ranul korgsarye, the

magnetic recording medium has at least two magnetic layers different in
r[g{)%sition and forming exchange coupling with each other. The primary

recording:ay pi i dRIoSXAIHBRRE 2T BE MR, %ngégyﬁ%\é’@cﬁésaspem

greater in thickneéss or coercive force. The auxiliary recording layer Is a
rragheticilay gramead erinfthiokoess becaerive forden Preterdblyz then example
netic agnisotrogpg constant Ku of the auxiliary magnetic layer is %reater

R L eTE AP SEHToRY Rk T RRESSHAaHF PUEB A gl T
[ 8bove Riefetahiy. 48106 Primaty EeeATHRG MAKEM ABA RS MEUERY 1 in

magnetic layer, the groove portions are formed substantially only on the
avikidiaryvheiyhetadagbe. \adendlig spectias, dtismane cessaiy godpemithe
roove, Rortions ith a high aspect ratiq. Therefore compared with the
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formed easily and with high accuracy. The structure in which the groove
FOrGHAY dAReg6RHRPYRTy BthE BT IRt ryng ingdinnsscaitkaise

1e.aro i re for reach a part of the primary
%@%ﬁgﬁ&gré%%géﬁi@ g%é)u%%g%?f the formation of the groove
godits and the man-hour required therefor are not affected.

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



[0079] 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 matters 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 thereofagill be omitted. [0080]
(Embodiment 3) Hereinafter, Embodiment 3 of the present invention
will be described with reference to Fig. 6. In this embodiment, the

rgegnefisdecording meditmetieemptiseswaisusirate l3can aebesionure in
layer (a coherent layer) 14, a soft-magnetic Iaé%er 16, an underlayer 18, a

pERENdie R YRGREIR YeBtR AR R 6N 30 A prewsdtivy 1a9eris e |,
[y e inthi i ti ordin
R g M T B R R e
pdordinueusidiygrbutraamanclayes) deminaigdinhbin ordeon of thdhi®ove
embodiment, the substrate 12, the adhesion layer 14, the soft-magnetic
18EIONS N MIBRyEPY B aRksdibensiviarer A alRaiak lubricant layer
g@oq;r similar to those described in Embodiment 1 and, therefore,

escription thereof is omitted. [0081] In Embodiment 3, the magnetic
coupling apdiocegoprisEsnadbiméim 2, the matters related {o the position of the

groove portions as well as the shape and the dimension of the groove portions
(the matters 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.

[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
layer 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



27 formed on the magnetic recording layer of a granular structure and
exhibiting perpendicular magnetic anisotropy. By exchange interaction of
the magnetic coupling layer magnetically coupled with the magnetic grains
in the magnetic recording layer, the perpendicular magnetic recording
layer and the magnetic coupling layer form magnetic coupling. For
example, the magnetic coupling layer gray be made of an alloy material,
such as CoCr, CoCrTa, CoCrPt, CoCrPtTa, or CoCrPtB. The magnetic
coupling layer preferably contains at least CoCrPt. If CoCrPt is a main
dompahentiiughagnuperatuseciagisiancefis optained smaddiomip exhibiting
high-density recording capability and low-noise property of theigranular

IByEPeNIICHRY Maghetit 2otiplitg Yayr REsha Ao grardiiesalitar@agnetic
e I e e PRl

between thé magnetic grains

thickndisg ddtbe hagretierchuglinglayeetis, fecerammgcindine range:ghdtic
to 20 nm, preferably in the range of 5 to 15 nm. The thickness of the
YRR I&Ebfﬂ&l%@?’ﬁﬁ&@fﬁﬁﬂ@equal to or smaller than twice that of

the grapyar ;emﬁéenpégteé@@kyoegu 10 Sma)ek thathat 9 they

granular layer. The lower limit of the thickness is greater than zero.
Preferatlyutie ahiCkies£igsdn dlad ot a6 t& exiitthe dGnetidn as the
In Embodiment 3, in case where the
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grooves are formed at least on the magnetic coupling layer 425. With this

SAGtigrelamiofeesrtily ieefoHscaptediiinghetically sispapeapdrison ee
YaHiesr 19983

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]



28 Preferably, the groove portions are formed substantially only on the
magnetic coupling 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 portions can be
formed easily and with high accuracy. I#e 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
recordiRgelayel igsifar o tive acelirasyof thenrfetatiomafitie gropve the
portions and the man-hour required therefor are not affected. [0084] In
RIS StTe /2N tiheSmittele feldted B BRE PositiBh B thihe
gIRRVR RAHIANS aswelhas theshapgand g dimension, of %gme{%e case
portions (the matters described in connection with Figs. 2 gnd , the
makteesirelgtedye thetimethod afforditigahegnoove pottionbicknes asitiie:
pressin steé), %?d ther matters are simijlar to those in the Embodiment 1
1Oh%AEr
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reference to Fig. 7. In Embodiment 4, on the medium with those layers
dperonkengictectiofingyey 24 foluded Heroading/te Entho dimermpiitomBs the

O e B B R o ity o
A pieekeniayEn3Yis doamriRnihmBIOIe FHAR- T 24 ARG R AFIRSR: not
|ngaegtt§g.ed. Then, the lubricant layer 26 is formed. [0086

[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.

{0085]

(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]



29 Hereinafter, the present invention will be described more in detalil
with reference to an example. (Example 1) Fig. 4 includes views for
describing Example 1. In order to confirm the effect of the present
invention, the magnetic recording medium 10 with the groove portions 202
formed at a part of the tracks 102 in a circumferential direction was
formed. The groove portions 202 to beZformed in the guard 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 ordinargihetiey, [0@8FesentFigssi{a) iwif lbrodssseittion T Miplistad rajph
of the magnetic recording medium 10 according to Example 1. In this

X %%rl‘ ?tﬁaead}(%\%na tions 202 having a maximum depth of 3 nm were
formed;dnthe, EEM photograph, the layer labelled "SUL" is the .
soft-magnetic layer 16. The layers labelled "UL" are the first underlayer 18

and thé isecondiuddenaes 20, densiibyes Riwitede"Malt dsdbeto confirm the
p ndicular magnetic recordjpg layer 22. The layers labelle .
IS T BB BHCeCin o dr B &1 P PRy, svithdne
lgyessdahatieds MET kR TEM adhEMRRONBOR TEM i rare & mgtal

layer and a carbon layer which are formed in order to take the TEM

shiseiagraqdosspd. Ting som)dsartiensrgden st thamredin b guard band
DRI ele R TSI S enisien el

e groove portions e lower pa
measwieentipieasiighe kiteuitdrditakcuniesanialdirestions I by the
confirmed that a region of attenuated magnetic signals is present in
dhieedpghaEfiea o B@cregion having the groove portion 202. The upper
E Fig. 4 (b) is an enlarged view of the region of attenuated magnetic
ignals. From Fig. 4 (b), it is confirmed that, by formation
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



30 of the groove portions 202, a DTR medium, a patterned medium, or the
like can be appropriately formed. [0089] Although the present
invention has thus far been described with reference to the embodiments,
the technical scope of the present invention is not limited by the scope of
description of the embodiments. It is obvious for those skilled in the art
that these embodiments may be modif@gd or improved in various manners.
From the claims, it is obvious that modified or improved embodiments are
encompassed within the technical scope of the present invention.
IndtistrizbApplicabiitg [DDRCG] DT hegiresentgaitention canibe suitaldyike can
sed, for exa Ie in magnetic recording media. Brief Description of the
\ﬁ‘rﬂ%g%@@ﬁ Omﬁ 1 shows a magnetic recording medium 10
gijing to an embodlment of the present invention.

Although the present invention has thus far been described with
reference to the embodiments, the technical scope of the present invention is
not limited by the scope of description of the embodimenis. It is obvious for
those skilled in the art that these embodiments may be modified or improved in
various manners. From the claims, it is obvious that modified or improved
embodiments are 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



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. Fig. 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 31
s A sthovrs signal attenusliion causetdyyogroeeepaitions20?2.

Embodb 3 BYRE AHEGLARTeETR o i S RO S e e

ngag@@@ig%@@@@ng@ﬁ@ggmmmgﬁljng to Embodiment 3 of the present
invention. Fig. 7 shows a structure of a magnetic recording medium 10

according 16 Ealsomseiciuet tie presmetimuesnioiReftemed Nancerdisg to

Embodiment 3 of the present invention.
Fig. 7 shows a structure of a magnetic recording medium 10 according to

Embodiment 4 of the present invention.

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.

'S



[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 medium comprisingza substrate and a magnetic
recording layer formed on the substrate, wherein: the magnetic
recording layer has a plurality of tracks which define recording regions
extending in a scanning direction ofld.Adégfhetic head and which are
arranged in parallel in a direction intersecting with the scanning direction;
the magnetic recording layer being provided with a groove portion which is

formed;in & regipBrReRRa HREAERFKM D G BUE 5%9&%@@9@%0%&@%“(;

recording layer and which extends along the tracks; and the groove
peresei e iagdo e d e thae Buhsirets-séetisinof the magnetic recording

layer taken al | d ular to th di th
eI BB R R ORoe RS T DB ST Rfiit
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portion is interposed, the average height being obtained in the vicinity of
theieB e S GRS G HeReinllg idiilieeligndatioaealieh with the scanning

direction;

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



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; the magnetic grains under the
groove portion having a short crystal axis in a direction perpendicular to a
vidnaisestirkatenf the substrate as compared with the magnetic grains in
the vicinity of the center of each track in the. 33 widthwise direction. . 3.
A methdt BERARA FHERIMAG AN AR EESrIRG Mﬁgma%%mg
5&9@&{%@ apdh 3 MAgRSHS IRSAHIROAXRIIRIBE R RIIE Bihlathdnacthod
method comprising:” a magnetic recording layer formation step of
clommpingithie magnetic recording layer on the substrate; a protection

eor REPAVAI AR GRSy lae o B o o RaHnet

{@gj&mﬂ {Be-naanRHEG[caFdiag layer in a direction from an upper side of
the protection layer towards a primary surface of the substrate to form a

groove peiesiidn Bnenbrrmetisrostgpregioring asrofeetbvaimy PEgioH Being
inter'ggsed bet een a g!ruraaljﬁ/ of recording regions in which magnetic
@@% FGIE ?ggogrd%oajyfegpec ively;

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.



wherein the recording 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 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 #'40 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 widthwiSbedimettiod sandrdinghe datithbbadeidheofibepisioge portion
having a depth equal to or greater thap,1/2 of the maximum depth,is in the
range BIPIEA 6T s YRR BHHR AL L 2R FEMRER b BBnters
padiacaniRnegs of the tracks in the widthwise direction. 4. The
method according to claim 3, wherein the protection layer comprises a
diamotie: Exessib Giel ena3iEing PESENG ingnee-aecording rroaifrogan
4, further, cow&risin;rica ?!Iu%rijcant layer formation step of forming a
Hﬁﬂ%a%'fj %?er &h pro%c%%)n'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.



the pressing step comprising pressing the non-recording region from an
upper side of the lubricant layer. 6. The method according to any one
of claims 3 to 5, wherein the pressing step comprises pressing the
non-recording region by using a stamper having a pattern that
corresponds to the groove portion to ke 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.
ABSTRACT [PROBLEMS] To appropriately form a DTR medium, a
patterned medium, or the like in adA&iRk(ERs likely to cause the
problems of prolonged process time and increased cost. [MEANS
FOR SOLVING PROBLEMS] A perpendicular magnetic recording layer 22
[ereplualy obuagisdRrenis-sineAseRring reons calendng D o
scanning direction of a magnétic head and which are arranged in parallel
ifha ikeeitiomanersdesadiveith ithesscantiiag ditdetiono e ipetpensiculars time
magnetic recording layer 22 has a guard band region 104 formed on its

S0 SR BrEvRed with a groove portion 202 which extends along the

tracks mmmmwﬂwm%mdmw%@ﬁ&es% Fﬁggﬁ%if?@

layer 22 taken along a plane perpendicularto the scanning direction, the

FRERIIOEN it D GItRePiEde Pordos202isvin theledinge afcBcirig ikgions
ith reference to an average height (broken line 302) of the tracks 102
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isaodttained irtheivicintreidheccrnteirob aniiaghka48AdJR. arwidthwise

direction. The width W of a region of the groove portion 202 having a

BeMATRIAR IO REreREH g JeRthemasim@nede beni ingioe rdigoned
éé%g’gf{?fgéé?‘é%chr%ﬁfbd with a groove portion 202 which extends along the
tracks 102. In a cross-section of the perpendicular magnetic recording layer 22
taken along a plane perpendicular to the scanning direction, the maximum
depth D of the groove portion 202 is in the range of 0.5 to 10 nm with reference
to an average height (broken line 302) of the tracks 102 between which the
groove portion 202 is interposed. The average height is obtained in the vicinity
of the centers of the tracks 102 in a widthwise direction. The width W of a
region of the groove portion 202 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.



