MAGNETIC RECORDING MEDIUM AND METHOD FOR
MANUFACTURING MAGNETIC RECORDING MEDIUM This
application is based upon and claims the benefit of priority from Japanese
patent application No. 2006-262809, filed on September 27, 2006, the
disclosure of which is incorporated herein in its entirety by reference.
BACKGROUND OF THE INVENTION 1, Field of the Invention The
present invention relates to a magnetic recording medium and a method
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2. Description of the Related Art

In recent years, the information-oriented society has become sharply
advanced. Magnetic recording apparatuses are typified by a hard disk drive
(HDD). Magnetic disks have been required to have a diameter of 2.5 inches
and an information recording capacity exceeding 200 gigabytes per disk. In
order to meet these needs for magnetic disks, realization of information
recording density (areal density) exceeding 200 gigabits per square inch (200
Gbit/in?) is required. A perpendicular magnetic recording system including a
double-layer perpendicular medium and a single-pole head can exhibit high
recording resolution and therefore, has been researched as a next-generation
high-density recording system.

An improvement of the areal density of the magnetic recording disk is
achieved by an improvement of the linear density and an improvement of the
track density. The improvement of the linear density needs to realize well-
balanced three factors, a reduction of magnetic transition region noises of a

recording layer, an improvement of thermal stability of recorded signhals, and

recording ease. For the purpose of realizing them, heretofore, coupled granular



2 and continuous (CGC) media including granular layers and continuous
film layers have been proposed (refer to, for example, US patent No.
6468670 B1). In such CGC media, magnetic transition region noises
can be reduced by using a granular layer as a main recording layer. In the
granular layer, nonmagnetic substances have segregated at grain
boundaries of magnetic crystal grains. Thus, the influence of the magnetic
transition region can be substantially eliminated in the main recording
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the control in the case where, for example, no continuous film layer is
imagpetizaitanseipagraiitmuafénidayer is pinned by the magnetization of the
granular layer. In this manner, an increase in recording density of the CGC
medium can be achieved.

in recent years, an exchange spring medium including a soft magnetic
layer on a granular layer, an exchange coupled composite, and the like have
been known as configurations for performing the function similar to, for example,
the function of the continuous film layer of the CGC medium (refer to, for
example, IEEETrans. Mégn: Vol. 41, No. 10, pp 3166-3168, Oct. 2005).
Hereinafter, these configurations are referred to as CGC media and the like.

The exchange coupled composite may also be referred fo as a hard/stacked

medium.

SUMMARY OF THE INVENTION

The inventor of the present invention found out that the control of the
magnetic recording region in a track width (erase width) direction is very difficult
in the CGC media and the like as compared with the control in the case where,

for example, no continuous film layer is included but merely a granular layer is



3 included. For example, in the CGC media and the like, the values of
recorded signals become values between 0 and 1 in a gray region, the

gray region may extend in the track width direction. Consequently, a

reduction of track edge noises often becomes difficult. The reason for this

is as described below. The continuous fitm layer and the soft magnetic

layer are auxiliary recording layers for playing a supplementary role

relative to the granular layer serving as a main recording layer, and have
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magnetic recording medium useful for solving the above-described problems and a
method for manufacturing a magnetic recording medium.

The inventor of the present invention conducted intensive research and
found out that in CGC media and the like, formation of grooves or the iike at
track edges is able to appropriately suppress expansion of gray regions of
recorded signals in the track width direction without impairing advantages, such
as a reduction of magnetic transition region noises, an improvement of thermal
stability of recorded signals, and recording ease, of the CGC media and the like.
Consequently, track edge noises are reduced so that the track density can be
increased. Further, it was found out that similar effects are able to be obtained
in the following structure including a first magnetic layer and a second maghetic
layer, besides the CGC media and the like. In order to solve the above-
described problems, the present invention has the following structures.

(Structure 1)

A magnetic recording medium for perpendicular magnetic recording,



comprising: a first magnetic layer which has magnetic crystal grains
exhibiting perpendicular magnetic anisotropy and nonmagnetic
substances for magnetically separating the magnetic crystal grains from
each other at grain boundaries of the m%gnetic crystal grains; a
second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains, a grain boundary width of the magnetic grains
being smaller than a grain boundary width of the magnetic crystal grains,
aRmpPrssdparation regions which magnetically separate tracks from each

other and which are,disposed in regio n o
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can also appropriately achieve recording ease of signals. With such a
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magnetic crystal grains. The separation regions may be disposed in regions
between recording bits in tracks. The separation region magnetically separates
recording bits from each other in the tracks.

The above-described structure can reduce magnetic transition region
noises because, for example, magnetic crystal grains in the first magnetic layer
are magnetically separatéd from each other by nonmagnetic substances.
Pinning of magnetization of the second magnetic layer by magnetization of the
first magnetic layer can increase the density. Further, the thermal stability of
recorded signals can be improved by, for example, decreasing the width of grain
boundaries of magnetic grains in the sécond magnetic layer io be exchange-
coupled to magnetic crystal grains. Such a structure can also appropriately
achieve recording ease of signals. With such a structure, the linear density of
magnetic reéording can be appropriately improved.

According to such a structure, formation of separation regions in at least

the second magnetic layer can suppress expansion of gray regions of recorded



signals in the track width direction in, for example, CGC media and the

like as well. Consequently, track edge noises are reduced in this structure

so that track density can be appropriately increased. The track refers

to a region in a magnetic recording mediym and magnetic signals are
recorded on the region. The track is extended in a direction of scanning of

a head relative to the magnetic recording medium. In the magnetic
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layer (granular layer) having a granular structure in which the nonmagnetic
substances in the form of oxides are segregated at grain boundaries of the
magnetic crystal grains. The separation regions are disposed in the second

magnetic layer. For example, grooves are disposed between and along the



(Structure 2) The separation regions are disposed substantially only in
the second magnetic layer of the first magnetic layer and the second
magnetic layer. In the CGC media and the like including a continuous
film layer on a granular layer, the thickn?s of a perpendicular magnetic
recording layer including the granular layer and the continuous film layer
is, for example, 15 to 20 nm. With respect to the perpendicular magnetic
recording layer having such a thickness, it is difficult to form narrow
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structure or the like and substantiaily no grain boundary is present in the second
magnetic layer,

(Structure 2)

The separation regions are disposed substantially only in the second
magnetic layer of the first magnetic layer and the second magnetic layer.

In the CGC media and the like including a continuous film layer on a
granular layer, the thickness of a perpendicular magnetic recording layer
including the granular iayer and the continuous film layer is, for example, 15 to
20 nm. With respect to the perpendicular magnetic recording layer having such
a thickness, it is difficult to form narrow separation regions having
predetermined widths in both the granular layer and the continuous film layer.

For example, in the case where separation regions are formed by



appropriately improved. The phrase "forming separation regions
substantially merely in the second magnetic layer" includes the case
vyhere, for example, separation regions are also disposed in a part of the
first magnetic layer within a range of not-affecting precision nor man-hour
of forr_nation of the separation regions. Preferably, the second magnetic
layer is a multilayer film. In this case, for 8 example, the second magnetic

layer is easily formed into a thinner layer by, generati e interf
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becomes difficult to keep the precision of the width of the separation region.
Consequently, in the magnetic recording medium including the above-described
first magnetic layer and the second magnetic layer, the separation regions may
not be appropriately formed in the regions between the tracks if the
perpendicular magnetic recording layer comprising the first magnetic layer and
the second magnetic layer is increased in thickness.

On the other hand, the inventor of the present invention conducted
intensive research and found out that expansion of gray regions of recorded
signals in the track width direction is able to be appropriately suppressed by
forming separation regions merely in the second magnetit;: tayer even when
separation regions are not disposed in both the first magnetic layer and the
second magnetic layer. According to this structure, the separation regions can
be formed with high precision. Consequently, the track densify can be
appropriately improved. |

The phrase "forming separation regions slubstant%ai{y merely in the
second magnetic layer" includes the case where, for example, separation
regions are also disposed in a part of the first magnetic layer within a range of
not affecting precision nor man-hour of formation of the separation regions.

Preferably, the second magnetic layer is a multilayer film. In this case, for



(Structure 4) The separation regions comprise grooves for
magnetically separating the tracks from each other and the grooves are
disposed along the tracks in the second magnetic layer. With this
structure, the tracks can be appropriate%/ magnetically separated from
each other. For example, the depth of this groove is adequate for
penetrating the second magnetic layer. The tracks can be appropriately
magnetically separated from each other in this structure. Alternatively, th%
e by
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(Structure 3)

The grain boundary width of the magnetic crystal grains in the first
magnetic layer ié 2 nm or more, and the grain boundary width of the magnetic
crystal grains in the second magnetic layer is 1 nm or less.

According to such a structure, for example, magnetic transition region
noises can be reduced by increasing the width of grain boundaries of the
magnetic crystal grains in the first magnetic layer. Further, the thermal stability
of recorded signals can be improved by decreasing the width of grain
boundaries of the magnetic grains in the second magnetic layer. Consequently,
the recording density of the magnetic recording medium can be appropriately

increased in this structure.

(Structure 4)

The separation regions comprise grooves for magnetically separating the
tracks from each other and the grooves are disposed along the tracks in the
second magnetic layer. With this structure, the tracks can be appropriately
magnetically separated from each other.

For example, the depth of this groove Is adequate for penetrating the
second magnetic layer. The tracks can be appropriately magnetically separated
from each other in this stfucture. Alternatively, the depth of this groove may be
up to some midpoint of the thickness of the second magnetic layer insofar as
the tracks can be magnetically separated from each other with required
precision. For example, in the case where the second magnetic layer is a

multitayer film, the depth of this groove may be at a level adequate for reaching



wherein the magnetic grains in the second magnetic layer exhibit
perpendicular magnetic anisotropy and are exchange-coupled to each
other with a strength larger than a bonding strength between the magnetic
crystal grains in the first magnetic layer ig a direction parallel to a main
surface of the substrate, and the magnetic crystal grains in the first
magnetic layer and the magnetic grains in the second magnetic layer are
exchange-coupled to each other in a direction perpendicular the main
suprateobianersupstigtenuitilayesddfaing to this structure, the
magne&éégtion of ta)e second magnetic layer can be appropriately pinned
by the AR stal grains in the first magnetic layer. Further, the
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exchange interaction between the magnetic grains in the second magnetic
layer. Gogsbgttetdlithiéspreondinigedtirssitpd ted miagpetiod dberahugnd
medium is allowed to appropriately increase in this structure. (Structure 6)
TheofetieniayBetic layer is a layer having a granular structure and the
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the magnetic crystal grains in the first magnetic layer and the magnetic
grains in the second magnetic layer are exchange-coupled to each other in a
direction perpendicular the main surface of the substrate.

According to this structure, the magnetization of the second magnetic
layer can be appropriately pinned by the magnetic crystal grains in the first
magnetic layer. Further, the thermal stability of recorded signals can be
improved by a magnetic exchange interaction between the magnetic grains in
the second magnetic layer. Consequently, the recording density of the
magnetic recording medium is allowed o appropriately increase in this structure.

{Structure 6)

The first magnetic layer is a layer having a granular structure and the
nonmagnetic substances in the form of oxides are segregated at grain
boundaries of the magnetic crystal grains, and

the second magnetic layer is a laminated film comprising Co compound
layers and Pd layers or Pt layers which are alternately laminated.

This magnetic recording medium is, for example, a CGC medium. The
thermal stability of recorded signals can be particularly appropriately improved

according to such a structure. However, in the case where, for example, no



10 separation region is disposed in regions between tracks, in particular,
gray regions of recorded signals become easy to expand in the track width
direction as compared with those in, for example, an exchange spring
medium and an exchange coupled come8site medium. On the other hand,
according to such a structure, track edge noises are reduced so that the
track density can be appropriately improved. Consequently, a magnetic
recording medium exhibiting particularly excellent characteristics can be
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sepacatian regiens sl magrieticalbesepaistediiaekss from each other
and which are disposed in regions between the tracks of the magnetic
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magnetic grains in the second magnetic layer. Consequently, effects
similaracstheseHexts of the structure 1 can be obtained in this structure.

a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crysial grains;

a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains and exchange-coupled to each other with a strength
larger than a bonding strength between the magnetic crystal grains in the first
magnetic layer in a direction paralie.i to a main surface of the substrate; and

separation regions which magnetically separate tracks from each other
and which are disposed in regions between the tracks of the magnetic recording
medium in at lleast the second magnetic layer. The separation regions may be
further disposed in regions between recording bits in the tracks.

According to this structure, for example, the thermal stability of recorded
signals can be improved by exchange coupling between magnetic grains in the
second magnetic layer. Consequently, effects éimitar to the effects of the
structure 1 can be obtained in this structure.

(Structure 8)



(Structure 8) 11 A method for manufacturing a magnetic recording
medium for perpendicular magnetic recording, comprising the steps of:
forming a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nhonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at
grain boundaries of the magnetic crystal grains; forming a second

magnetic layer which has magnetic grains exchange-coupled to the
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ller.t i ti crystal grains;
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medium in at least the second magnetic layer. In this manner, effects

sienpantt theeffagseficransminpeandatvboeptahed: U Sttactae oy A
method for manufacturln ama netlc record, % ed%umfor pergendlcular
%} grains from each other at grain
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boundaries of the magnetic crystal grains;

forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains, a grain boundary width of the magnetic
grains being smalier than a grain boundary width of the magnetic crystal grains;
and

forming separation regions which magnetically separate tracks from each
other in regions between the tracks of the magnetic recording medium in at
least the second magnetic layer. In this manner, effects similar to the effects of
the structure 1 can be obtained.

{Structure 9)

A method for manufacturing a magnetic recording medium for
perpendicular magnetic recording, comprising the steps of;

preparing a substrate;

forming a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;

forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains and exchange-coupled to each other with
a strength larger than a bonding strength between the magnetic crystal grains in
the first magnetic layer in a direction parallel to a main surface of the substrate;
and

forming separation regions which magnetically separate tracks from each



preparing a substrate; forming a first magnetic layer which has

magnetic crystal grains exhibiting perpendicular magnetic anisotropy and
nonmagnetic substances for magnetically separating the magnetic crystal
grains from each other at grain boundari1 s of the magnetic crystal grains;
forming a second magnetic layer which has magnetic grains
exchange-coupled to the magnetic crystal grains and exchange-coupled

to each other with a strength larger than a bonding strength between the
PAGH Sl cRayRSI %@aw%em%h@ Hrghhad ﬁ@ﬁm@géxe?«par%@'&iaa Paaients at
?em irtb)surface f the sul?st):ate; apd Ji2 other in refionss b!et\l/veen tthe s of
S ?t%eec%gg R S taig el TR i Teaet A st IRagretiects o
layessindhissmanpereiects similar to the effects of the structure 7 can be

obtained. (Structure 10) A magnetic recording medium comprising a
recordifffragkerantlijding an auxiliary recording layer and a main recording
layer, wherein the auxiliary recording layer has magnetic portions

corresoAAGTHG ERGREMGLITCAS ERATRTISIBSHIBRS P 8 puPALIRE tHéNT an
g!%gf?&%@%@ﬁ%“f%%ﬁ% gtﬁ'?éirﬁpgcording layer,

wherein the auxiliary recording layer has magnetic portions
corresponding to recording bits and separation portions for separating the
magnetic portions from each other, and

the main recording layer are divided into regions serving as recording bits
by a magnetic influence exerted by the auxiliary recording layer. The separation
portions magnetically separate, for example, the magnetic portions from each
other. The separation portions may spatially separate the magnetic portions
from each other.

The magnetic portions corresponding to recording bits refer to regions in
which magnetic signals are recorded, and are magnetic portions of the
recording bits. The recording bits are regions separated from each other in, for
example, tracks and patterned (bit patierned) medium. The separation portions
separate the magnetic portions on a track or recording Bit basis, for example.
According to this structure, the recording layer can be partitioned on 2 rhagnetic
portion corresponding to recording bit basis so as fo form the magnetic
recording medium aé, for example, a discrete track recording (DTR) medium or
a patterned medium. Consequently, the main recording layer becomes easy to
record in regions including magnetic portions of the auxiliary recording layer. ‘

(Structure 11)

A magnetic anisotropy constant Ku of the auxiliary recording layer is
larger than a magnetic anisotropy constant Ku of the main recording layer.

According to this structure, the magnetic wall generated in the auxiliary



the main recording layer are divided into regions serving as recording bits
by a magnetic influence exerted by the auxiliary recording layer. The
separation portions magnetically separate, for example, the magnetic
portions from each other. The separatioq Portions may spatially separate
the magnetic portions from each other. The magnetic portions
corresponding to recording bits refer to regions in which magnetic signals
are recorded, and are magnetic portions of the recording bits. The .
rexePaIRthiRY SIr ésregRIee Sep Atatadtii ShiRRIER HIRSIFE fo1ReR&bpiEansition
tracks and.patterned (bit patterned) medium. The separation portions
J@ﬁé?gt@ﬂ’%ﬁ‘\agnetic portions on a track or recording bit basis, for
exampl@sm@rﬁ%o this structure, the recording layer can be

partitioned on a magnetic portion corresponding to recording bit basis so
as to follihaheainagnetidirer trdenghamedigraragdafostaxcnmslefaatiedirgdo this
track recording (DTR) medium or a patterned medium. Consequentl
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magneti ISOtropy constan ihary recording layer is larger
tp@@ﬁ magnetic anisotropy constant Ku of the main recording layer.
According to this structure, the magnetic wall generated in the auxiliary

13 recof@irgstayerlisidecreased in width to thereby reduce magnetic
transiti re?ion %oiseis. %Structure 12)5. iThr% énainhrg(i:,gr%ign(g Iaytgrgras
a granular-s T InEY fdﬁla fERE qﬁj% re, nqg&netlc AN n¥eg‘ion
W&%?&iﬂg herad %%%fb_ﬁ%é,t@ﬂ@weé%%mgyaaHgnt@@érmﬂyem@gx&fef@.e
magnetic fransition region in the main recording layer.

(Structure 14)

The magnetic portion of the auxiliary recording layer is exchange-coupled
to the main recording layer. According to this structure, the recording layer can
be appropriately partitioned in accordance with the regions inciuding magnetic
portions of the auxiliary recording layer.

According to the present invention, for example, the track density can be

increased by reducing track edge noises.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing an example of the structure of a magnetic
recording medium according to an embodiment of the present invention;

Fig. 2A is a diagram for illustrating the magnetic characteristic of the
magnetic recording medium in detail and shows magnetization patterns of
magnetic signals recorded on a track;

Fig. 2B is a diagram for illustrating thé magnetic characteristic of the
magnetic recording medium in detail and shows the magnetic characteristic of
the magnetic recording medium;

Fig. 3A is a diagram for iflustrating the effect of formation of separation



(Structure 13) The recording layer is a perpendicular magnetic
recording layer. According to this structure, a high recording density can
be realized. (Structure 14) The magnetic portion of the auxiliary
recording layer is exchange-coupled to_the main recording layer.
According to this structure, the recordir%gzllayer can be appropriately
partitioned in accordance with the regions including magnetic portions of
the auxiliary recording layer. According to the present invention, for

regionslenie ek dansitydan batintFealse @R MEanaNRFRERK edge

noises. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is.a :
diagran®shitwing 5‘@@@?%6% 8&%%%%&%35?& Y ogéf%rerﬁggrggo%%egparanon
gdimaccording to @i sabRayneskPLReIRERANE B e MiIghum, Fig. 2A
is"a diagram for illustrating the magnetic characteristic of the magnetic
recordifig. madiumdindedail smoshgvesmuatiiied zationpattertieofhageiatic
signals recorded on a track; Fig. 28 is a diagram for illustrating the

eRRiTENE EIRFRETRASICSOANE REgHBIR!ER S AOEIM RrAEANCREPdium
SHOS e S0BRASY8 SPRIRGIRRIG AT ShSRgng g recording medium:
Fig.4Bisa diagram showing a modified example of the magnetic

recording medium and shows the structure of a magnetic recording medium

having an exchange coupled composite structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments according to the present invention will be described
below with reference to the drawings. Fig. 1 shows an example of the structure
of a magnetic recording medium 10 according to an embodiment of the present
invention. The magnetic recording medium 10 is a magnetic disk of double-
layer perpendicular medium system to be mounted on a hard disk drive (HDD)
of perpendicular magnetic recording system.

In the present example, the magnetic recording medium 10 inciudes a
substrate 12, an adhesion layer 14, a soft magnetic layer 16, an underlayer 18,
a perpendicular magnetic recording layer 30, a protective layer 26, and a
lubricant layer 28 in this order. The perpendicular magnetic recording layer 30
has a granular layer 20, a coupling control layer 22, and a continuous layer 24.

The substrate 12 is, for example, substrate glass. Examples of the
substrate glass include aluminosilicate glass, aluminoborosilicate glass, and
soda-time glass. Among them, the aluminosilicate glass is preferable.
Alternatively, amorphous glass or crystallized glass can be used. For example,
in the case where the soft magnetic layer 16 has an amorphous structure, it is

preferable that the substrate glass is amorphous glass. The use of chemicaily



Fig. 3A is a diagram for illustrating the effect of formation of separation 19
regions and shows a recording pattern of a granular medium; Fig. 3B
is a diagram for illustrating the effect of formation of separation regions
and shows a recording pattern of a known CGC medium; Fig. 4Ais a
diagram showing a modified example o]f he magnetic recording medium
and shows the structure of a magnetic recording medium having an
exchange spring medium structure; and Fig. 4B is a diagram showing

Hranaiiienaskaifple i PiRia YA QRCAMES AR TakHIYAS &Nshows the

structyre of a magnetic recording medium having an exchan ouple
compOSELEAU1BS SRR PN OF TR Pl ey 7 R BBstrate 12
EMBRDIMENTS ermihsrembodimentsesrowingstoifhe prRsentinveRtiadk and
will be described below with reference to the drawings. Fig. 1 shows an
Rxampleéciirthe strimpaecstdnagiretiStacoraidy (iEliurs uthsceondivlly taurface
an embodiment of the present invention. The magnetic recording medium
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magnetic circuit can be formed between the head (magnetic head), the
perpendicular magnetic recording layer 30, and the soft magnetic layer 16,
Further, the substrate 12 may be a substrate having an isotropic surface and no
texture.

In the case where annealing in a magnetic field is required to, for
example, control the magnetic domain of the soft magnetic layer 16, itis
particularly preferable to use the substrate 12 made of a glass member. Since
the glass member exhibits excellent heat resistance, the substrate 12 can be
heated o a high temperature.

The adhesion layer 14 is a layer (contact layer) for increasing the
adhesion between the substrate 12 and the soft magnetic layer 16. Peeling of
the soft magnetic layer 16 can be prevented by disposing the adhesion layer 14.
For example, a Ti-containing material can be used as a material for the
adhesion layer 14. The film thickness of the adhesion layer 14 preferably falls
within a range of 1 to 50 nm from the viewpoint of practical use. In the present
example, the adhesion layer 14 is an amorphous CrTilayer. The film thickness
of the adhesion layer 14 is, for example, about 10 nm.

The soft magnetic layer 16 is a layer for forming a magnetic circuit
between the head and the perpendicular magnetic recording layer 30. The soft
magnetic layer 16 is not specifically limited as far as the soft magnetic layer 16
is formed by a magnetic substance exhibiting a soft magnetic characteristic.

However, a preferable magnetic characteristic is, for example, 0.01 to 80



In the present example, the magnetic recording medium 10 includes a
substrate 12, an adhesion layer 14, a soft magnetic layer 16, an
underlayer 18, a perpendicular magnetic recording layer 30, a protective
layer 26, and a lubricant layer 28 in thiriu rder. The perpendicular
magnetic recording layer 30 has a granular layer 20, a coupling control
layer 22, and a continuous layer 24. The substrate 12 is, for example,
substrate glass. Examples of the substrate glass include aluminosilicate
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substrate glass is amorphous glass. The use of chemically 15
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magnetic domain of the soft magnetic layer 16, it is particularly preferable
nonyseshatsybidir el 02 madel tihe Glasshckimees isiase thargHssmeinery
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er 16. Peeling Of the soft magnetic layer 16 can be prevented by
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IS an amorphous I'layer. The film thickness of the adhesion layer 14 is,

for exampif: atidiriomain Thesoftto ggnetistiaye i ssfa taggnédic layer 16.
forming a magnetic circuit between the head and the perpendicular

\Wagndrie facarditrorgte Jomae Sy Rfadiviteldyey Reie Tt gietincaigrerore.
R e T R BRIl Bes A BT ey A ot
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structure, movement of the magnetic domains becomes difficult. Thus,
generation of noise can be suppressed.

In the present example, the soft magnetic layer 16 has a plurality of
CoTaZr layers which are anti-ferro magnetically coupled with Ru layers
therebetween. The Ru layer is, for example, a layer having a hep crystal
structure. The film thickness of the Ru layer is, for example, about 0.9 nm.

Each CoTaZr layer is a layer having an amorphous structure. The film

thickness of each CoTaZr layer is, for example, 20 to 27.5 nm.



16 oersted in terms of coercive force Hc, desirably 0.01 to 50 oersted.
Further, a preferable magnetic characteristic is 500 emu/cc to 1,920

emu/cc in terms of saturation magnetic flux density Bs. Examples of
materials for the soft magnetic layer 16 include Fe based materials and

Co based materials. For example, use |1n7ay be made of Fe based soft
magnetic materials, e.g., FeTaC based alloys, FeTaN based alloys, FeNi
based alloys, FeCoB based alloys, and FeCo based alloys, Co based soft
magneficematediaiser.d 8 GoT bEebdsedaltoylingmdhe axsa beised aiipps the
and FeCo based alloy soft magnetic materials. The film thickness of
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Each CoTaZr layer is a layer having an amorphous structure. The film
icrREP st GRsHTDTEZr layer is, for example, 20 to 27.5 nm. 17

The second orientation control layer is a layer for improving the
orientation property of the layer further disposed thereon. In the present
example, the second orientation control layer is a Ru layer having a hcp crystal
structure. The film thickness of the second orientation control layer is, for
example, about 10 nm.

The isolation-promoting layer is a layer for separating the composition of
the upper layer and promoting isolation of crystal grains. The isolation-
promoting layer is formed by, for example, sputtering at a gas pressure higher
than the pressure during film formation of the Ru layer of the second orientation
control layer. Consequently, the isolation-promoting layer becomes a layer
containing small crystals in which crystal grains are isolated from each other. In
the present example, the isolation-promoting layer is a Ru layer having a hcp
crystal structure. The film thickness of the isolation-promoting layer is, for
example, about 10 nm.

The fining-promoting layer promotes fining of crystal grains in a layer

disposed thereon. In the present example, the fining-promoting layer is a



The underlayer 18 is a layer for controlling the crystal structure of the
perpendicular magnetic recording layer 30. The underlayer 18 may be a
laminated film composed of a plurality of types of films. In the present
example, the underlayer 18 comprises a first orientation control layer, a
second orientation control layer, an isolafion-promoting layer, and a
fining-promoting layer in this order on the soft magnetic layer 16. The
first orientation control layer is a layer for controlling the crystal orientation
pbtive apeeint axietabtic icanteo| (BpéirdisPosedaas ladayer amthe fisststructure in
orientation control layer. In the present example, the first orientation
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film thicknﬁss of,th% second orie%%t)ion on%rol layer is, for example, about
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The isolation-promoting layer is formed by, for example, sputtering at a
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layer of the second orientation control layer. Consequently, the
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structure of CoCr is, for example, a hcp crystal structure. A part of the
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layer 20 of the perpendicular magnetic recording layer 30 is formed on the
tiningxpropietiagdayé&rnm).

The magnetic crystal grains 102 are magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and the direction of magnetic moment is
reversed in accordance with a signal to be recorded on the magnetic recording
medium 10. In the present example, the magnetic crystal grain 102 is CoCrPt
having a hep crystal structure. The size (diameter) of the magnetic crystal grain
102 is, for example, 5 to 20 nm, and desirably 8 to 15 nm. The width of grain
boundaries of the magnetic crystal grains 102 is 2 nm or more, for example, 2 to
20 nm, and desirably 4 to 15 nm. The width of grain boundaries of the magnetic

crystal grains 102 refers to an average value of widths of grain boundaries of

magnetic crystal grains 102 in, for example, the granular layer 20.



The granular layer 20 is a layer having a granular structure in which
oxides are segregated at grain boundaries of fined crystal grains, and is
an example of the first magnetic layer and the main recording layer. In the
present example, the granular layer 20 1,5961 CoCrPt-5i02 layer and
contains magnetic crystal grains 102 and nonmagnetic substances 104 for
magnetically separating the magnetic crystal grains 102 from each other
at grain boundaries of the magnetic crystal grains 102. The film thickness

of the JiahINBRTRFERSGS foF 081 BRIBSErGEGRNIeS fPgeegated at
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average value of widths of grain boundaries of magnetic crystal grains 102
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%’f&ﬁﬁ%‘?qiay heggntinuous fiim layer 24 is'an example of the second magnetic
layer and the auxiliary recording layer and contains magnetic grains exhibiting
perpendicular magnetic anisotropy. These magnetic grains are magneticaily

exchange-coupled to the magnetic crystal grains 102 in the granular layer 20 in



20 a direction perpendicular to the main surface of the substrate 12.

The width of grain boundaries of the magnetic grains are smaller than that
of grain boundaries of the magnetic crystal grains 102 in the granular layer
20, and is, for example, 1 nm or less, for example, 0.1 to 1 nm, and
desirably 0.3 to 0.8 nm. Consequently, Tmiagnetic grains of the continuous
film layer 24 are exchange-coupled to each other with the strength larger
than the bonding strength between the magnetic crystal grains 102 in the
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structure, the width of the magnetic wall generated in the continuous film
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the magnetic crystal grains 102 in the granular layer 20. The coercive
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be smaller than the coercive force Hc of, for example, the material
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fm»t Igfggi?&gw éemtpe continuous film layer 24 is a multilayer film
and about 3 layers (for example, 2 to 3 layers) of CoCr layers 106 and

aboutBha@ tatio A/B of the film thickness A of the granular layer 20 to the film
thickness B of the continuous film layer 24 is, for example, 2 to 5, and desirably
3 to 4. According to this structure, suitable perpendicular magnetic recording
characteristic can be exhibited by exchange coupling. Preferably, the magnetic
anisotropy constant (maximum anisotropic energy) Ku of the magnetic grains in
the continuous film layer 24 is larger than that of, for example, the soft magnetic
substance. According 1o this structure, the width of the magnetic wall generated
in the continuous film layer 24 is can be decreased. The magnetic anisotropy
constant Ku of the magnetic grains in the continuous film layer 24 may be
smaller than that of the magnetic crystal grains 102 in the granular layer 20.
The coercive force Hc of the matenial for constituting the continuous film layer
24 may be smaller than the coercive force Hc of, for example, the material
constituting the magnetic crystal grains 102 in the granular layer 20.

In the present example, the continuous film layer 24 is a multilayer film

and about 3 layers (for example, 2 to 3 layers) of CoCr layers 106 and about 3



layers (for example, 2 to 3 layers) of Pd layers 108 are alternately
laminated. The CoCr layer 106 is a layer containing magnetic grains of
CoCr. The film thickness of the CoCr layer 106 is, for example, about 0.35
nm. In the case where the CoCr layer 106 is very thin as described above,
the magnetic grains of CoCr may not have a crystal structure. The CoCr
layer 106 may contain magnetic crystal grains of CoCr having, for
example, a hpc crystal structure. The Pd layer 108 is a I?a(%/er of

lnyardipresavaiavhipSiayerssal SRUBNRE TRE Arg alierraisdvoriminated.

d layer. 108 is example, about 0.8 nm. In this_str reci .
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continuous film layer 24 can be decreased jn the cas? where
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yers in place™ layers 108> The continuous film layer 24 may

heyergoby/ayersin plageafshadietidaytrs ROGalhgeoftinuousdllstructure.
layer 24 may be a laminated film, n x [CoX/Pd or Pt], wherein n layers of
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CoPt3, CoPd3, amorphous TbhFeCoCr, SmCo5, Nd2Fel14B, or Co20oPtao.
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other and, for example, grooves for magnetically separating the tracks
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by chahgfngaRB LRI LR RYGESf @ggﬁ%méo &ﬁmsésnﬁ’ﬁﬁ%%% pyplace of

{%‘%Zﬂifée%git%“?ﬁsf%ﬁé%m%dBJE?imﬁ, pere iR iKadiaibisayers in place
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the present example, the magnetic recording medium 10 is a discrete
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!](_)n regions 202 are further formed in, for example, the regions
between the individual bits on the tracks in such a manner that
singleimalgagtiesiarhakegrplas Sesco@iéon regieding iior magneiieally
present example, the track width of the magnetic, recording medium 10 is,
i}&% {racks of
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acent track and s, for example, 150 to 250 nm, and desirably 180 to
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nm, and desirably 40 to 60 nm in the track width direction.
for example, grooves for magnetically separating the tracks from each other are



The protective layer 26 and the lubricant layer 28 are further disposed on
the continuous film layer 24. The protective layer 26 is a layer for
protecting the perpendicular magnetic recording layer 30 from the impact
of the head. The protective layer 26 is 2 arbon based film having, for
example, a diamond-like structure. The lubricant layer 28 is a layer for
improving the lubricity between 23 the head and the magnetic recording

medium 10. The lubricant layer 28 is a perfluoropolyether (PFPE) film
formed byBreginhsle | AR EBNRRF RAtRRPSEd ARMRGHG TS Migng the tracks.

ructure, a.CGC mediunni
TSR T R T PR IR et structore of
Hansitionredionmeisrs ane ayERpYsMentebtheraal siabitiyele. in the case
recorded signals can be realized. Further, recording ease of signals can

wheppmpiistaliabotainghromnEth Sepiegionsriyiond zobaies didpossdian in the
the continuaus film layer 24, so that track edge noises are reduced an
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recording layer 30 and only the continuous film layer 24 is processed.
AhesRicrdheitepasatonfagicn3R02vais hedoraethwithreaseeaamditiighed. in
precision as compared with the case where nonmagnetic regions are
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to the continuous film layer 24 is formed by sputtering. In particular, ‘
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Consequently, the interface between the CoCr layer 106 and the Pd layer
E®idifrgmestioleart(. iF usaiteertat oih agiietivemhisoadipyrcaheheeparation
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individual bits on the tracks in such a manner that single-magnetic-domain
grains become a recording unit.

In the present example, the track width of the magnetic recording medium
10 is, for example, 100 to 200 nm, and desirably 135 to 165 nm. The distance
between tracks is a distance from a center of a track to a center of an adjacent
track and is, for example, 150 to 250 nm, and desirably 180 to 220 nm. The
width of the separation region 202 is, for example, 30 to 70 nm, and desirably
40 to 60 nm in the track width direction.

The protective layer 26 and the lubricant layer 28 are further disposed on
the continuous film layer 24. The protective layer 26 is a layer for protecting the
perpendicular magnetic recording layer 30 from the impact of the head. The
protective layer 26 is a carbon based film having, for example, a diamond-like

structure. The lubricant layer 28 is a layer for improving the lubricity between



2 for example, forming the protective layer 26 and, thereafter, removing a
part of the protective layer 26 and the continuous film layer 24 by
patterning, e.g., patterning by using nanoimprint. The order of the film
formation process of the protective laye §6 and the patterning process by
using nanoimprint may be reversed. The patterning may be performed by
using, for example, focused ion beam (FIB) in place of nanoimprint
lithography. Figs. 2A and 2B are diagrams for illustrating the magnetic

thheadnddhs MasnalircasTedsRIMEHeNILR. 1008 hddnaplgayaridd s a

diagram showi ization patterns of magnetic, signals rec 0
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magnetization patterns were observed by using the sample. In this
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regions own In the drawing, magnetic signals are recorded as

aagoptizatinnopadierns. in the tracks 204. No magnetic signal is recorded
on the regions including the separation regions 202 between the tracks.
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24. In this case, the saturation magnetic field Hs is about 7,000 Oe.
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region with, for example, a normal head. ) , .
continuous film layer 24. Consequently, the recording density of the magnetic

recording medium 10 can be appropriately increased.

In the production process of the magnetic recording medium 10,
preferably, each of the adhesion layer 14 to the continuous film layer 24 is
formed by sputtering. In particular, formation by DC magnetron sputtering is
preferable because a uniform film can be formed. Preferably, the protective
layer 26 is formed by CVD.

in the formation of the CoCr layer 106 and the Pd layer 108 of the
continuous film layer 24, preferably, Kr is used as a sputtering gas.
Consequently, the interface between the CoCr layer 106 and the Pd layer 108 is
formed cleanly. Thus, interface magnetic anisotropy can be generated more
appropriately. The CoCr layer 106 and the Pd layer 108 may also be formed by
CvD.

The separation regions 202 of the continuous film layer 24 are formed by,



The hysteresis curve 304 indicates a magnetic characteristic on the region
including the separation regions 202 in the continuous film layer 24. In this
case, the saturation magnetic field Hs is about 12,000 Oe. Consequently,
it is difficult to perform magnetic recordigg on this region. Therefore, in
the magnetic recording medium 10 according to the present example,
magnetic recording is performed only on regions not including the
separation region 202. Consequently, according to the present example,

theesnRipfemminGie proeathalrhdtansbiariaaiaiateaying a part of

ecording |layer 30, the separation reqions are f i .
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grooves or the like all over the perpendicular magnetic recording layer 30.
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recorded signals become values between 0 and 1 in trE gray region. .
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Fgggpggg%&a recording track indicated by a rectangle 50, Consequently,
nthe granular medium, even when nonmagnetic regions are disposed
betweegs tsheksraim ithe DrERvimg dinay netibes|iea thareffectaiveré afsis small.
However, in the granular medium, since the continuous film layer is not
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medium not including a separation region (hereatfter referred to as a
eateresitiarditeGahmé thentieicksobirh Setatire e didfitrexampldheHwear
conventional CGC medium is equivalent or similar to the magnetic

9&?&@% ?ﬁ@&?uﬁﬁcmqmﬂwgeﬁ?ég@&t example except that no separation
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conventivna lum has a granular layer and a c uous film
R¥elium 10. The hysteresis curve 302 indicates a magnetic characteristic on

the region not including the separation regions 202 in the continuous film layer



In the conventional CGC medium, since the continuous film layer has
magnetic bonding strength in a direction parallel to the main surface of the
27 substrate, the gray regions of recorded signals easily extend in the
track width direction. Consequently, rec?? ding patterns are formed while
having gray regions, and the gray regions extend out from the recording
track width indicated by a rectangle 50. Such gray regions serve as
sources of track edge noises. Therefore, in the case where a recording
déndinytaisceasid) fosalnsatione maonafabitdhbiedg@ieuhP8GHimded
fe.ro realize in Ehe knowrgCGC mgedium the SN ratio .dic[reas%s %r]eddan thi
ST o PSR BF R T e sty BUSIRES el e eShinis
1hgigiheriansh ixihs magnetigraraeding medium 10 of the present
eXample, the separation regions 202 are disposed in regions between the
tracks. Theerdisizosed sepacalion nedicns202 maveticettensidaraicofthite
magnetic bonding strength from the track in the continuous film layer 24 in
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recording track wi onsequently, according to the present éxamp

lsagiredaadpisgsraieaguend ansbihtnl askiHRNsityiean be appropriately
increased. As a result, the recording density of the magnetic recording

mediuhhEgefarcbéndpproprisiehcineteased med migs 1 dAerr dBSGHolhe present
modified examples of the 1 agnetichecord'n edium 10. The struict res
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points as described below. Fig. shows the structure of a magnetic
cecditling snédiuay &0 hidng rarestian gerpemdicolsdimmostedictuesond ithdgslayer

case, the magnetic recording medium 10 has a soft magnetic layer 32 as _
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material equivalent or similar to the material for the soft magnetic layer 16
sasdherused dsTiRemadiaralfivhthe Sofhmggretiees or the like all over the
perpendicular magnetic recording fayer 30. Thus, frack edge noises are
reduced and the track density is allowed to appropriately increase. As a result,
according to the present example, the recording density of the magnetic
recording medium 10 can be appropriately increased.

Figs. 3A and 3B are diagrams for illustrating the effect of formation of
separation regions 202 and shows the simulation results of recording pattern of
the information recorded on a magnetic recording medium having a structure
different from the structure of the magnetic recording medium 10 in the present
example. Fig. 3A shows a recording pattern of a granular medium. The
granular medium refers to, for example, a magnetic recording medium including
a perpendicular magnetic recording layer composed of merely a magnetic layer
equivalent or similar to the granular layer 20 without disposing the coupling

control layer 22 nor the continuous film layer 24 in contrast o the present

example. In this granular medium, the film thickness of the granular layeris 30



28 layer 32. The film thickness of the soft magnetic layer 32 is, for
example, 3to 5 nm. Separation regions 202 are formed in the soft
magnetic layer 32 as in the continuous film layer 24. In this case also,
track edge noises are reduced and the track density can be appropriately
increased. Consequently, the recordingzéensity of the magnetic recording
medium 10 can be appropriately increased. Fig. 4B shows the
structure of a magnetic recording medium 10 having an exchange coupled
@@mposite medium structure. In this case, the magnetic recording medium

R T e A B G T
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containing Si02 at grain boundaries (NiFe-SiO2 layer). The film thickness

ibithe isoftatraghetiddayesea34ris, jon e xagipted 2o Aavmafily exdenglén the track
about 3 nm). In this case also, track edge noises are reduced and the
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densit the magnetic regprding medium 10_can_be appropriately. ..
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example, 6 to 7 nm (for example, about 6.5 nm). The perpendicular
Grnpsstieritordinbdayenstanay titsa fyaimateerfimifforenatiplegisis are
Co/PdSj]) in place of the granul er 20. In the |aminated film, 12 to 20 _.
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daygiis each) are laminated. (Example 1) An evacuated film formation
apparatus was used. An adhesion layer 14 and a soft magnetic layer 16

were déquentallyforengthonlanrakoiinostlicatetgasssulstnasdil® ayBQs not
magnetron sputterin%in an Ar atmosphere. At this case, the adhesion

Gigrserwihe iR by ARy 'crRAgR Signalsdlsckiaies as compared

with, for example, the CGC media and the like. As a result, in the recording
tracks, the magnetization of a part of the regions indicating individual bits of the
recording pattern are reversed due fo a thermal fluctuation phenomenon and
the like. Such the reversal of magnetization may cause disappearance of the
recorded information, so that an increase in recording density is hindered.
Consequently, by the granular medium, it is difficult to realize a recording
density exceeding, for example, 200 gigabits per square inch.

Fig. 3B shows a recording pattern of a CGC medium not including a
separation region (hereafter referred to as a conventional CGC medium) in
contrast to the present example. The conventional CGC medium is equivalent
or similar to the magnetic recording medium 10 in the present example except
that no separation region 202 is disposed. A perpendicular magnetic recording
layer of the conventional CGC medium has a granular layer and a continuous
film layer.

In the conventional CGC medium, since the continuous film layer has

magnetic bonding strength in a direction parallel to the main surface of the



29 a CrTi layer having a thickness of 10 nm. The soft magnetic layer 16
was formed by using a CoTaZr target so as to become an amorphous
CoTaZzr (Co: 88 atomic percent, Ta: 7 atomic percent, Zr: 5 atomic
percent) layer having a total thickness %f 50 nm. The soft magnetic layer
16 had a two-layer structure sandwichi Ja Ru layer having a thickness of
0.9 nm in order to control the magnetic domain. After the formation of
the soft magnetic layer 16, continuously, a Ta layer (thickness 3 nm)
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ubstance target formed from CoCrPt-Si02. The granular layer 20 had a
ithilckaiessof 8 rentandledifiained magnetic crystal grains 102 having a hcp
crystal structure. The composition of the target for forming the granular

layer ZVFRSBY ARMAEHERUAL T Y H6RlITIE PefEliRt BPEPS16TABIRIE™S, In
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a sputtering gas at a low pressure. The thickness of the CoCr layer was
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{¥v§_re lternately laminated. The thickness of resulting continuous film
é))glu 4 was 4 nm (3.9 to 4 nm). A protective layer 26 was formed

from hygragenates GarRemPIhESINELASHXeERIIREMRASEMOTABf the present

containing 30% of hydrogen and a carbon target as a sputtering target.
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perpendicular magnetic recording layer 3 n be appropriately protected
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The protective layer 26 and the continuous film layer 24 were pattérned so
dhatgmopesdehindg asrsapasatizrecgions 20Bskrete fl2médtindheangemshe
between tracks. The width of this groove was 50 nm in the track width
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H@ﬁgédﬁ?e%aﬁoaﬁ%rdmg to the present example, track edge noises are reduced

and the track density can be appropriately increased. As a result, the recording
density of the magnetic recording medium 10 can be appropriately increased.

Figs. 4A and 4B show modified examples of the magnetic recording
medium 10. The structures equivalent or similar to those in Fig. 1 are indicated
by the same reference numerals as in Fig. 1 and explanations thereof are
omitted except the points as described below.

Fig. 4A shows the structure of a magnetic recording medium 10 having
an exchange spring medium structure. In this case, the magnetic recording
medium 10 has a soft magnetic layer 32 as a second magnetic iayer of the
perpendicular magnetic recording layer 30 in place of the continuous film layer
24 (refer to Fig. 1). For example, a material equivalent or similar to the material

for the soft magnetic layer 16 can be used as the material for the soft magnetic



Subsequently, a lubricant layer 28 composed of perfluoropolyether

(PFPE) was formed by a dip coating method. The film thickness of the

lubricant layer 28 was 1 nm. In this manner, the magnetic recording

medium 10 according to Example 1 was formed. The magnetic recording
medium 10 according to Example 1 wa< 4 DTR medium. (Comparative

Example 1) A magnetic recording medium according to Comparative
example 1 was formed as in Example 1 except that the coupling control

layer 22 ardenblizotiticiioessiihintieyepR4anvgrestictiforendd. Bhionmagretide, 3 to 5
recording medium according to Comparative example 1 was the granular
M&dium explained with reference to Fig. 3A. (Comparative Example 2)
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tomediclrefimagngsicaecording madiums aceerdingdeGrunrparatweeduced and
example 2 was the conventional CGC medium explained with reference to
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trggg(?d?r?gs e:%éiéiiigrg iqﬁgl}{»léet‘,oar%glfitzr%aagrr?gt?crzdlian er3 %4 as a second magnetic layer
of the perpendicular magnetic recording layer 30 in place of the continuous film
layer 24.

The soft magnetic layer 34 is, for example, a NiFe layer containing SiO;
at grain boundaries (NiFe-SiO; layer). The film thickness of the soft magnetic
layer 34 is, for example, 2 to 4 nm {for example, about 3 nm). In this case also,
track edge noises are reduced and the track density can be appropriately
increased. Consequently, the recording density of the magnetic recording
medium 10 can be appropriately increased.

Alternatively, the soft magnetic layer 34 may be a FeSiO layer. In this
case, the film thickness of the soft magnetic layer 34 is, for example, 6 to 7 nm
(for example, about 6.5 nm). The perpendicular magnetic recording layer 30
may has a laminated fitm (for example, 16 x [Co/PdSi]) in place of the granular
tayer 20. In the laminated film, 12 to 20 layers of Co layer and 12 to 20 layers
of PdSi layer (for example, about 16 layers each) are laminated.

(Example 1)

An evacuated film formation appératus was used. An adhesion layer 14
and a soft magnetic layer 16 were sequentially formed on an aluminocsilicate

glass substrate 12 by DC magnetron sputtering in an Ar atmosphere. At this

case, the adhesion layer 14 was formed by using a CrTi target so as to become



density exceeding, for example, 200 gigabits per square inch. On the
other hand, in the magnetic recording medium 10 according to Example 1,
satisfactory thermal stability can be obtained because of the CGC medium
structure as compared with, for example, the magnetic recording medium
according to Comparative example 1. Sirce the separation regions 202
are formed, track edge noises can be reduced as compared with, for
example, the magnetic recording medium according to Comparative

@@!‘rm@yz.r Agd mesajhbi@i@?sw retiblonthe riagaeficvecoelivgaved il frvigs
B B B B A o (o
géa.mﬁ@%&%@%@%%teﬁﬁw@m@rﬁ%ﬂz sm%@ggrgfg@f@?@ﬁﬁmg a

square inch, for example, a recording density of 500 g ersquare

ot trickoessscahdtenealiZéd: soft Thegpestieyavedibachasbedsyer structure
described with reference to the embodiments. However, the technical
SRBRWIshiAE BrEselaplBANBIYIS HUEKRfEH % B8 Babjerdesdassmireiibe

%%O\é%ﬁén odin?!gnts. It is clear that various changes or improvements can
be applie F"AE above-described embodiments by one skilled in the art.
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within the technical scope of the present invention as defined in the
(dhirigess 3nhe peeseind mreativalcaiebativo abiraplplied tmder Ru layer

ﬁ@m le, néggge ic recordingf media. 32 WHAT IS CLAIMED IS: 1.A |
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exhibiting perpendicular magnetic anisotropy and nonmagnetic

isuts tan eds depimagn efiqribn stpamterd theyamfetiedchystaliggains frdmagnetic
each other at grain boundaries _of the magnetic crystal grains;

substance target formed from CoCrPt-SiO,. The granular layer 20 had a
thickness of @ nm and contained magnetic crystai grains 102 having a hep
crystal structure. The composition of the target for forming the granular layer 20
was 62 atomic percent of Co, 10 atomic percent of Cr, 16 atomic percent of Pt,
and 10 atomic percent of SiO;.

A Pd layer (thickness 0.8 nm) was formed as the coupling control layer 22
and 3 x [CoCr/Pd] layers were formed as the continuous film layer 24 by using
an Ar gas as a sputtering gas at a low pressure. The thickness of the CoCr
layer was 0.4 nm, the thickness of the Pd layer was 0.8 nm. Three each of
them were aiternately laminated. The thickness of resulting continuous film
layer 24 was 4 nm (3.9 to 4 nm).

A protective layer 26 was formed from hydrogenated carbon by using a
mixed gas composed of Ar containing 30% of hydrogen and a carbon target as
a sputtering target. The film hardness is improved by using hydrogenated
carbon, so that the perpendicular magnetic recording layer 30 can be

appropriately protected from the impact of the head.

After the protective layer 26 was formed, the resulting medium was



a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains, a grain boundary width of the magnetic grains
being smaller than a grain boundary width of the magnetic crystal grains,

and separation regions which magnetically separate tracks from each
other and which are disposed in regions?’Between the tracks of the
magnetic recording medium in at least the second magnetic layer. 2.

The magnetic recording medium according to claim 1, wherein the
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2 nm or more, and the grain boundary width of the magnetic crysta

granseinviie e eonthriag hetid layeihis taatioor 1638 track4vithie wiagnsiaim and
recording medium according to claim 1, wherein the separation regions

BhipsiangrodRicRR MsyiieakalyaegakhliRyg the tracks from each other
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fpitiher CRBYHSIRE by a dip coating method. The film thickness of the lubricant
laver 28 was 1 nm. In this manner, the magnetic recording medium 10
according to Example 1 was formed. The magnetic recording medium 10
according to Example 1 was a DTR medium.

(Comparative Example 1)

A magnetic recording medium according to Comparative example 1 was
formed as in Example 1 except that the coupling control layer 22 and the
continuous film layer 24 were not formed. The magnetic recording medium
according to Comparative example 1 was the granular medium explained with
reference to Fig. 3A.

(Comparative Example 2)

A magnetic recording medium according to Comparative example 2 was
formed as in Example 1 except that the separation region 202 was not formed.
The magnetic recerding medium according to Comparative example 2 was the
conventional CGC medium explained with reference to Fig. 3B.

(Evaluation)

As described with reference to Fig. 3A, in the magnetic recording medium
according to Comparative example 1, the thermal stability of recorded signals is
unsatisfactory. As described with reference to Fig. 3B, in the magnetic
recording medium according to Comparative example 2, gray regions of

recorded signals extend in the track width direction so that track edge noises

increase. Conseguently, in these cases, it is difficult to realize a recording



33 a substrate for disposing the first magnetic layer and the second
magnetic layer, wherein the magnetic grains in the second magnetic
layer exhibit perpendicular magnetic anisotropy and are
exchange-coupled to each other with a_strength larger than a bonding
strength between the magnetic crystal égainS in the first magnetic layer in
a direction parallel to a main surface of the substrate, and the
magnetic crystal grains in the first magnetic layer and the magnetic grains

draREseEeREdNEyhetie 1ayep Bre2bealRgit 66pRa R 84dhlother in a
direction perpendicular the main surface of the substrate. . The .
magnCl TERoTiiRG TEE I CEc A 15 e Ml Giefpaging to
ERagneiclaysrisRlaNeranng aasnylas shuctyieiard the-npamagnatiece
substances in the form of oxides are ségregated at grain boundaries of
rrerimagaetictongstal geanps rendwith, the secomplenduynetisdagéicissaording
laminated film Qorz%ising Co compound layers and Pd layers or Pt layers
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example, the magnetic recording medium according to Comparative example 2.
As a result, the SN ratio of the magnetic recording medium 10 according to
Example 1 is improved by about 1.0 to 3.5 dB as compared with that of the
magnetic recording medium according to Comparative example 2.
Conseqguently, a recording density exceeding 200 gigabits per square inch, for
example, a recording density of 500 gigabits per square inch or more, can be
realized.

The present invention has been described with reference to the
embodiments. However, the technical scope of the present invention is not
limited to the scopes described in the above embodiments. It is clear that
various changes or improvements can be applied to the above-described
embodiments by one skilled in the art. The forms applied with such changes or
improvements may be included within the technical scope of the present
invention as defined in the claims.

The present invention can be favorably applied to, for example, magnetic

recording media.



a substrate; a first magnetic layer which has magnetic crystal grains
exhibiting perpendicular magnetic anisotropy and nonmagnetic
substances for magnetically separating the magnetic crystal grains from
each other at grain boundaries of the m%%netic crystal grains; a
second magnetic layer which has magnétic grains exchange-coupled to
the magnetic crystal grains and exchange-coupled to each other with a
strength larger than a bonding strength between the magnetic crystal
grains in the first magnetic layer in a direction parallel to a main surface of

W&P?%aéﬁﬂg@@raﬂon regions which magnetically separate tracks
from each other

and which are disposed in regions between the tracks

of the magneiisjesprdineoransiumdniatigaptibie seaRtkM igilayekording,
8. A method for manufacturing a magnetic recording medium for
perpendicgar magnetic recording, comprising the steps of: forming a

first magnetic layer which has magnetic crystal grains exhibiting

perpendiCLFAFMABREAARHTESRIBY BAY MAMRSUREREEiRRE MR ing
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ral ounaaries the

magnetic crystal grains;”
magnetically separating the magnetic crystal grains from each other at grain

boundaries of the magnetic crystal grains;

a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains, a grain boundary width of the magnetic grains being
smaller than a grain boundary width of the magnetic crystal grains, and

separation regions which magnetically separate tracks from each other
and which are disposed in regions between the tracks of the magnetic recording
medium in at least the second magnetic layer.

2. The magnetic recording medium according to claim 1, wherein the
separation regions are disposed substantially only in the second magnetic layer
of the first magnetic layer and the second magnetic layer.

3. The magnetic recording medium according to claim 1,

wherein the grain boundary width of the magnetic crystal grains in the
first magnetic layer is 2 nm or more, and

the grain boundary width of the magnetic crystal grains in the second
magnetic layer is 1 nm or less.

4. The magnetic recording medium according to claim 1, wherein the
separation regions comprise grooves for magnetically separating the tracks
from each other and the grooves are disposed along the tracks in the second
magnetic layer.

5. The magnetic recording medium according to claim 1, further

comprising:



forming a second magnetic layer which has magnetic grains

exchange-coupled to the magnetic crystal grains, a grain boundary width

of the magnetic grains being smaller than a grain boundary width of the
magnetic crystal grains; and forming_separation regions which

magnetically separate tracks from each dther in regions between the

tracks of the magnetic recording medium in at least the second magnetic

layer. 9. A method for manufacturing a magnetic recording medium

for perfetitheliiaieniaigishe sdtd ihmdreonmeRmls Invastaps dreprepandgnragnetic
sabsetrrate; forming a first magnetic layer which has magnetic crystal

gréfns exhibiting perpendicular magnetic anisotropy and nonmagnetic
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each other at grain boundaries of the magnetic crystal grains; forming
gsecendimegneticlastir ahibiloay mag ped cgchinsgexchapiet doupbett wiher
the magnetic crystal grains and exchange-coupled to each other with a
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recosgiagmadium in at least the second magnetic layer.

the magnetic crystal grains in the first magnetic layer and the magnetic
grains in the second magnetic layer are exchange-coupled to each otherin a
direction perpendicular the main surface of the substrate.

6. The magnetic recording medium according to claim 1,

wherein the first magnetic layer is a layer having a granular structure and
the nonmagnetic substances in the form of oxides are segregated at grain
boundaries of the magnetic crystal grains, and

the second magnetic layer is a laminated film comprising Co compound
layers and Pd layers or Pt layers which are alternately laminated.

7. A magnetic recording medium for perpendicular magnetic recording,
comprising:

a substrate;

a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisoiropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;

a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains and exchange-coupled to each other with a strength
larger than a bonding strength between the magnetic crystal grains in the first
magnetic layer in a direction parallel fo a main surface of the substrate; and

separation regions which magnetically separate tracks from each other



10. A magnetic recording medium comprising a recording layer including
an auxiliary recording layer and a main recording layer, wherein the
auxiliary recording layer has magnetic portions corresponding to recording
bits and separation portions for separatilg the magnetic portions from
each other, and the main recording layer are divided into regions
serving as recording bits by a magnetic influence exerted by the auxiliary
recording layer. 11. The magnetic recording medium according to

AAMMUCH REPSHISRIRSGHBIE HATSOREPYEIh Sant Rek e b amARiMptic recording

SIS RYPld31aIE03-A MAGREle pYspiropy constant Ku of the

main recording layer. agnetic recording medium according

to claing 1@, wBexsin thenRalrieaanding IRYRIMar ABRaNal pEdaiHieor
13. The magnetic recording medium according to claim 10, wherein the

rewpeinicalaisg peiipaadivdiagnagnetisiracthdiatereyef. 14. The
magnetic re,cordi)rzji? medium according to clsim 10, wherein the magnetic
ifi

portiort 3F HEh 3 TRYBTH G IRV A BREYE LU MR ah 8 i exhibiting
IREIGHIANE magnetic anisotropy and nonmagnetic substances for

magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;

forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains, a grain boundary width of the magnetic
grains being smaller than a grain boundary width of the magnetic crystal grains;
and

forming separation regions which magnetically separate tracks from each
other in regions between the tracks of the magnetic recording medium in at
least the second magnetic layer.

9. A method for manufacturing a magnetic recording medium for
perpendicular magnetic recording, comprising the steps of:

preparing a substrate;

forming a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;

forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains and exchange-coupled to each other with
a strength larger than a bonding strength between the magnetic crystal grains in
the first magnetic layer in a direction parallel to a main surface of the substrate;
and

forming separation regions which magnetically separate tracks from each



36 MAGNETIC RECORDING MEDIUM AND METHOD FOR
MANUFACTURING MAGNETIC RECORDING MEDIUM ABSTRACT OF
THE DISCLOSURE A magnetic recording medium for perpendicular
magnetic recording includes a substrat A granular layer having magnetic
crystal grains exhibiting perpendicular magnetic anisotropy and
nonmagnetic substances for magnetically separating the magnetic crystal
grains from each othergai;e%ain boundaries of the magnetic_crystaldglrain:s,

A0 BbFRMABELRIMGETeT RAVR ErRAIR flRagrafiis ieperding medium in at
xchapnge-coupled to the .magnetic crystal grains, the grain boundary

?ﬁaﬁ?g he %%jglé?n@t%a%%g%g%g smaller than that of the magnetic

crystal grainsmafRELIP RERAAHEMIBHIoRSJeMPAgRgtigalhs War including

tracks from each other are disposed in regions between the tracks of the
magneticarg ceding myddien dandtdeasirtieccodimubtiefiim layer. FIGURE
! wherein the auxiliary recording layer has magnetic portions
corresponding to recording bits and separation portions for separating the
magnetic portions from each other, and

the main recording layer are divided into regions serving as recording bits
by a magnetic influence exerted by the auxiliary recording layer.

11. The magnetic recording medium according to claim 10, wherein a
magnetic anisotropy constant Ku of the auxiliary recording layer is larger than a
magnetic anisoifopy constant Ku of the main recording layer.

12. The magnetic recording medium according to claim 10, wherein the
main recording layer has a granular structure.

13. The magnetic recording medium according to claim 10, wherein the
recording layer is a perpendicular magnetic recording layer.

14. The magnetic recording medium according to claim 10, wherein the

magnetic poriion of the auxiliary recording layer is exchange-coupled fo the

main recording layer.



