DESCRIPTION MAGNETIC RECORDING MEDIUM, MAGNETIC RECORDING MEDIUM
MANUFACTURING METHOD, AND MAGNETIC DISK 5 Technical Field [0001] This invention
relates to a magnetic recording medium and a magnetic recording medium manufacturing method.
Particularly, this invention relates to 10 a perpendicular magnetic recording medium adapted to be
mounted in a perpendicular magnetic recording type HDD (hard disk drive) or the like and to a
manufacturing method thereof. Background Art [0002] 15In recent years, the information-oriented
society has continued the rapid advance and the information recording capacity exceeding 200Gbytes
has been required per 2.5-inch magnetic disk DEB@RIEtI@cording apparatuses represented by
HDDs (hard disk drives). In order to satisfy such a requirement in the magnetic disk, it is necessary to
realize an information recording density 20(areal recording density) exceeding 200Gbits per square

nch (200Gl BB eRaKind ITERNIEN A AHEIER AR gr magnet

recording system comprising a perpendl ar two-layer medium and a sing It has been

studied and developed as thMANSKEABTIEIAING MET-dETsiMEChABNBYMSIS[0003] In a magnetic
disk, an improvement in areal recording density is achieved by an improvement in track density and an
improvement in linear density. As a method of improving the linear density of the two, there has 2

Technical Field

[0001]

This invention relates to a magnetic recording medium and a magnetic
recording medium manufacturing method. Particularly, this invention relates to

10 a perpendicular magnetic recording medium adapted to be mounted in a
perpendicular magnetic recording type HDD (hard disk drive) or the like and to a
manufacturing method thereof.

Background Art
[0002]

15 in recent years, the information-oriented society has continued the rapid
advance and the information recording capacity exceeding 200Gbytes has been
required per 2.5-inch magnetic disk in magnetic recording apparatuses
represented by HDDs (hard disk drives). In order to satisfy such a requirement
in the magnetic disk, it is necessary to realize an information recording density

20  (areal recording density) exceeding 200Gbits per square inch (200Gbits/inch2).
Since high recording resolution can be obtained in the perpendicular magnetic
recording system comprising a perpendicular two-layer medium and a
single-pole head, it has been studied and developed as the next-generation
high-density recording system.

25 [0003]

in a magnetic disk, an improvement in areal recording density is
achieved by an improvement in track density and an improvement in linear

density. As a method of improving the linear density of the two, there has



conventionally been proposed a CGC (Coupled Granular and Continuous) medium having a granular
layer (Granular layer) and a continuous film layer (Continuous layer) (see, e.g. Patent Document 1). In
the CGC medium, three points, i.e. a reduction in magnetization transition region noise of a recording
5 layer, an improvement in thermal stability of recorded signals, and easiness of recording, can be
realized in a well-balanced manner and thus it is possible to properly improve the linear density. [0004]
In recent years, a DTR (discrete track) medium, a patterned 10(bit-patterned) medium, and the like
have been proposed as a technique of improving the track density. In the DTR medium, the patterned

medium, or thediseehORATNBBERGDIIBEED £0I0 SUBDAEAEFANRI BRI DSAIRYO) example, a
mechanical method between recording regions where magnetic signals are recorded, thereby

magnetically isonggmHeavi eigig relgivlayerdiareasirokder 15 B aTEikewitspdssiBKeto suppress the

influence betw he adjacent recording region thereby improve, th ck density, Further,
conventionally, soét'rrﬁl’é dgga&e IE§1 %%‘?agggr%%’%%%@ ﬁn{?’[hipe??selg%é\%n eﬁ{%m’o@ '§F locally
implementing Agniags irtozardaincitn amagrenratdeteransribe B PositioRdsTe RboRaignt Document
2). In this method, a portion where no Ag ions are 20implemented serves as a portion having a smaller

coercive force. BARSMDGIRANGTDE N Hitdie sl bty NecossgeyoRals pagiRgsiiRpPatent

Cocument2 i 223 1 LIPS IS BTN A sl o o

Invention about Invention] [Problem nvention abo Invention]
[0006] In a DTRyropdiynimprpadichadihazediensigr the like, an isolation region 3 such as a groove is
normally formed over the entire thickness of a magnetic recording layer. However, as the track density
increases, the width of #&0%blation region decreases. Therefore, when the track density becomes

high, the ratio of the depfido.fig wirh {asPRGTalRAPRERRIGERIATE Mhatbiheee is 2

10 (bit-patterned) medium, and the like have been proposed as a technigue of
improving the track density. in the DTR medium, the patterned medium, or the
like, a nonmagnetic isolation region such as a groove is formed by, for example,
a mechanical method between recording regions where magnetic signals are
recorded, thereby magnetically isolating the recording regions from each other.

15 This makes it possible to suppress the influence between the adjacent
recording regions to thereby improve the track density.  Further, conventionally,
as a method of manufacturing a DTR medium, there is known a method of
locally implementing Ag ions into a thin film having a predetermined composition
(see, e.g. Patent Document 2). In this method, a portion where no Ag ions are

20 implemented serves as a portion having a smaller coercive force.

Patent Document 1:  United States Patent No. 6468670B1 Specification
Patent Document 2:  JP-A-2005-223177
[0005]
First, the first invention will be described.
25 [Disclosure of the Invention about the First Invention]
[Problem to be Solved by the invention about the First Invention]
[0006]

in a DTR medium, a patterned medium, or the like, an isolation region



5possibility that accurate processing of the isolation region becomes difficult. Further, for example,
also in the method disclosed in Patent Document 2, it is necessary to implant Ag ions over the entire
thickness of a thin film to be a magnetic recording layer. Therefore, there is a possibility that it
becomes difficult to accurately carry out setting of a region where no Ag ions are 10implemented.
[0007] Taking this into account, the inventors of thjs application have found that, for example, with
respect to a CGC medium, it is possible to magnetically isolate recording regions from each other by
forming an isolation region only in 15a continuous film layer of a magnetic recording layer comprising a

granular layer ag)gbfso BHIMRLE HERNG FOMHE ise? IRE B HEYEOM, dkifeBoRaGesRAitD form the
isolation region in the entire magnetic recording layer of, for example, 15 to 20nm and thus it is
possible to accuits@iingrigviie isupyerafiche Fathaiensdy nareaRemdnpavidit ohipen the case of

the CGC medium byt also ,ZOiE the case where ma%%atic 1rec?rdi Iarye{ cgmgrises a main
. 1fsd|a o region decregdses, elglpre when ne frac % $lly Decomes higﬂ
recording layer for recordifig magnetic Signals and an auxiliary magnetic a%er magnetically coupled to

the main recording Jaye6titis pepsile teeagnateplsisatrip yeseanthacoaiorstirahensty ether by
forming an isolation region only in the auxiliary magnetic layer. 25[0008 As a result of conducting

further intefsiveP8RRAERY i aver aie PIORHISICP NS sppbafidRYiavORsaREMhElTHexample, when
the track de”S'tmﬁ{Sﬁ?ﬁgﬁ%%ﬂnbﬂe?ﬁa‘iQS Wieia Rfeﬁ‘ﬁda‘?irﬁé;é%!)‘sé%gi'ﬁ%‘f%‘?%%%ﬁﬁﬁ% jtfgihere is a

case where magnetic o) een recordlng reglo ecomes Ins e structure in

which a nonmageetiedaalatompegioAgsdosnedranty éniae ahlskisrygnagraticiayes boaexample, they
have found that when recording a magnetic signal in a recording regéon, there is a possibility that the

Srecording magMEeR BT RSREHDE BeFondTAISIeIERIdRSEY i8R BOSFRRIIY Ahal i &85OrBSIding region.

difficult 10 accurately carry out setting of a region where no Ag ions are
10 implemented.
[0007]

Taking this into account, the inventors of this application have found that,
for example, with respect to a CGC medium, it is possible to magnetically
isolate recording regions from each other by forming an isolation region only in

15 acontinuous fiim layer of a magnetic recording layer comprising a granular
fayer and the continuous film layer. With this configuration, it is not necessary
to form the isolation region in the entire magnetic recording layer of, for example,
15 to 20nm and thus it is possible to accurately form the isolation region.
Further, they have found that not only in the case of the CGC medium, but also

20 in the case where a magnetic recording layer comprises a main recording layer
for recording magnetic signals and an auxiliary magnetic layer magnetically
coupled to the main recording layer, it is possible to magnetically isolate
recording regions from each other by forming an isolation region only in the
auxiliary magnetic layer.

25 [0008]

As a result of conducting further intensive studies, however, the
inventors of this application have found that, for example, when the track

density increases and thus the width of an isolation region further decreases,



[0009] It is therefore an object of this first invention to provide a magnetic recording medium and
a magnetic recording medium manufacturing method, 10 which can solve the above-mentioned
problems. [Means for Solving the Problem about the First Invention] [0010] Through intensive
studies, the inventors of this application have found that it is possible to properly prevent a recording
magnetic field from affecting 15an adjacent recordinggregion by forming, when forming an isolation
region in an auxiliary magnetic layer, a region (magnetic shield portion) adapted to restrict passage of
a magnetic field by predetermined magnetic properties, not a nonmagnetic region such as a groove.

This first inventingrbas seakllewing rriieRliNs GVIAMELICRREBURIIRRNs befofagnetic

recording medium comprising a substrate and a magnetic layer formed over the substrate, wherein the
magnetic layer E6Hipeiess wiimde sasrdirg fay@icioarseorargalin sghaitnnsigpiandadoamedixiliary

magnetic layer 25magnetically coupled to the main.recording, layer, and the auxiliary magnetic layer
i b i et S e e e
recording regiopseoriiee haanesicc YRRRIS L iecbRIeg PEdfsh, iIthiie BainsesHifipeHayse and

magnetic field shield portions formed 5 between the plurality of hard magnetic portions, respectively,

wherein wien rRsgrdinsaiGgreRodieidrexipsasuperoniseamn igmiatioateaieuveaieban magnetic field

shield portion hags r l%a those of the hard magnetic portions in a region where an
applied magnet%;&%%lﬁ@%(g?r@%é Ir%%’idual magnetic 5polarization of each magnetic field shield

portion is smaller than {boge]jof the hard magnetic portions. The recording regions of the main

recording layer are defined by, for example, ma%netig influence received from the auxiliary magnetic
layer. When, It is therefore an object of this first invention to provide a magnetic

recording medium and a magnetic recording medium manufacturing method,
10 which can solve the above-mentioned problems.
[Means for Solving the Problem about the First Invention]

[0010]

Through intensive studies, the inventors of this application have found
that it is possible to properly prevent a recording magnetic field from affecting

15 an adjacent recording region by forming, when forming an isolation region in an
auxiliary magnetic layer, a region (magnetic shield portion) adapted to restrict
passage of a magnetic field by predetermined magnetic properties, not a
nonmagnetic region such as a groove. This first invention has the following
configurations.

20 [0011]

{Configuration 1)

A magnetic recording medium comprising a substrate and a magnetic
layer formed over the substrate, wherein the magnetic layer comprises a main
recording layer for recording a magnetic signal and an auxiliary magnetic layer

25 magnetically coupled to the main recording layer, and the auxiliary magnetic
layer comprises a plurality of hard magnetic portions respectively formed at
positions corresponding to recording regions, where magnetic signals are to be

recorded, in the main recording layer, and magnetic field shield portions formed



for example, a magnetic field is applied from the outside, the magnetic field 10shield portion generates
a demagnetizing field in a direction opposite to the applied magnetic field, thereby making the inner
magnetic flux density smaller than the outer magnetic flux density. By reducing the inner magnetic flux
density, the magnetic field is prevented from extending between the hard magnetic portions in a
direction parallel to a main surface of the substrate, far 15example. [0012] With this configuration,
it is possible to properly carry out magnetic isolation between the recording regions. Therefore, for
example, it is possible to make the magnetic recording medium properly function as a DTR medium or

20a patterned HeniidBh U IGFlRy 8%9@?@'%3’%&?5@&%%ﬁféﬁ%,%gﬁé&@@ﬁ%ﬁék&ﬁ%ﬁéﬁhis’ itis

possible to reduce the track width (Erase width) and thus to improve the track density. [0013] Further,
with this configimagoaiinaien cangagreunersynedc thecoraimsiiz 2Brachrvectrdiel) regignglitis possible
to restrict pass of a magnetic field with respect to the magnetic shjeld portions. By this, it is
posaible (6 blode e RILBIARY IRAgHERE RFER U A B o B FUSCIaNg Fegion,
thereby makingghe lagintafiereafikpracarsiagnanonstcidioltshanp. ol Risidh amakgadtipossible to
properly prevent the influence of the recording magnetic field from being exerted on the adjacent
recording regioRglarizesisro e eaahmedignetitdiRid paigie Ba TR risconAe iBgvirPsarPbttore
appropriately c%rril%dn%ﬂhS{%Olé ; Herein, this magnetic recording medium has, for example, at
least two magneﬁc Iayegs%aang diffgrent compositions and exchange-coupled to each other. The

main recording layer is;Ties exaitiitey RGiegnetitinyelhaingdrg esler dnckBRss®ObA Geater coercive
force in the two magnetic layers. The 10 auxiliary magnetic layer is a magnetic layer having a smaller

thickness or a SHAIIRIROBIRANSTSHERIURTHRAGPRRIVAH ISP coriliant Raciake 'aviliary/ tdgnetic
layer is preferaply graaigfthan gt e Maing6FosdIRt1WE butside, the magnetic field

10 shield portion generates a demagnetizing fieid in a direction opposite to the
applied magnetic field, thereby making the inner magnetic flux density smaller
than the outer magnetic flux density. By reducing the inner magnetic flux
density, the magnetic field is prevented from extending between the hard

- magnetic portions in a direction parallel to a main surface of the substrate, for

15 example.

[0012]

With this configuration, it is possible to properly carry out magnetic
isolation between the recording regions. Therefore, for example, it is possible
to make the magnetic recording medium properly function as a DTR medium or

20 a patterned medium. Further, for example, since the track edge noise is
reduced by this, it is possible to reduce the track width (Erase width) and thus to
improve the track density.

[0013]

Further, with this configuration, when carrying out magnetic recording in

25  each recording region, it is possible to restrict passage of a magnetic field with
respect to the magnetic shield portions. By this, it is possible 1o block a
recording magnetic field extending toward the outside of the recording region,

thereby making the boundaries of the recording magnetic field sharp. This



[0015] The recording region of the main recording layer is, for example, a 15recording region
corresponding to a track extending in a direction in which a head relatively scans a magnetic recording
medium. In the magnetic recording medium, a plurality of tracks are disposed with a constant gap
defined between the adjacent tracks, for example. When the magnetic recording medium is a magnetic
disk, a plurality of tracks are disposed in concentric cigcles 20surrounding the center of the magnetic
disk. The hard magnetic portions of the auxiliary magnetic layer are formed at positions overlapping
the tracks, respectively. [0016] On the other hand, the magnetic field shield portions are formed in

e TTRRRG RO 5 LAY BB IR MBREHHHRB NN AagiRile o 1o

magnetic field shield portions are eac in a guard band region being a gion between the
adjacent tracksfigkidneodreding ezgitetsmf the aifaoaeicarcingitayergnay. beTiegieiasscorresponding to
magnetic 7 recordin%bits on the tracks. In this case, for example, magnetic field shield portions are

further formed iMASGIEHS BAIBH0 RRBYESEHIELS TR 'EHIRNS FARIRE B8 RBRIRPHMEMetic field

shield portions agRigtarably formed substantially only in the auxiliary magnetic layer out of the main
recording layer and the auxiliary magnetic layer. With this configuration, since it becomes unnecessary
to form magnetic field ffetdportions with a large aspect ratio, it is possible to form magnetic field
shield portions easily a accur{ate%ﬁas 10compared with, for xan&%e, the CF\se of forming magnetic

r

field shield portions ov s QQ%% %%H@r 5] &m.%mﬁﬁttmépmagnetic
field shield portm@?w iByibe auyiliansifeeencisimmiriag dulehdeye ik the sase where the

magnetic field shield portions are also formed in part of the main recording layer in a range not
affecting the acétifacy direnaaistraeeidingdaxsirodessssrfuréoammagnasictiay endgwiniz dield shield

portions. greater thickness or a greater coercive force in the two magnetic layers. The

10 auxiliary magnetic layer is a magnetic layer having a smaller thickness or a
smaller coercive force. A magnetic anisotropy constant Ku of the auxiliary
magnetic layer is preferably greater than that of the main recording layer.

[0015]
The recording region of the main recording layer is, for example, a

15 recording region corresponding to a track extending in a direction in which a
head relatively scans a magnetic recording medium.  In the magnetic recording
medium, a plurality of tracks are disposed with a constant gap defined between
the adjacent tracks, for example. When the magnetic recording medium is a
magnetic disk, a piurality of tracks are disposed in concentric circles

20  surrounding the center of the magnetic disk. The hard magnetic portions of the
auxiliary magnetic tayer are formed at positions overlapping the tracks,
respectively.

[0016]
On the other hand, the magnetic field shield portions are formed in

25  regions corresponding fo non-recording regions of the main recording layer,

For example, the magnetic field shield portions are each formed in a guard
band region being a gap region between the adjacent tracks. The recording

regions of the main recording layer may be regions corresponding to magnetic



[0018] The auxiliary magnetic layer is preferably a magnetic layer in which the width of the grain
boundaries of magnetic grains in the hard magnetic portions is smaller than that of the grain
boundaries of magnetic grains in the main 20recording layer. It is preferable that the magnetic grains
in the hard magnetic portions of the auxiliary magnetic layer be exchange-coupled to each other with a
coupling force greater than that between the magnetie grains of the main recording layer in the
direction parallel to the main surface of the substrate. With this configuration, for example, it is possible
to improve the thermal 25stability of signals recorded in the main recording layer. The grain boundary

of magnetic grajgsJaimESlIRBI RSB JOLEX AR ISRIGAERISBIS AR ROHOEN Dgtween

magnetic grains is disturbed, and is, for example, a region occupied by impurities precipitated between
uniform magnetiogicinsreHosied axesdie ayionagativiatateddrebvadth thadbitetbe th&he width of the
grain boundaries of the magnetic grains in the hard magnetic portions of the auxiliary magnetic layer
being smaller tHEF Rt of the grain boundaries of the magnetic grains in the main recording layer also
includes, for example, lli@@pa]se where 5the hard magnetic portions of the auxiliary magnetic layer are
each a layer with an amorphous structure or the like with substantially no grain boundaries present.
[0019] (Coffiguration 2Y heTheoneigpeld fibieldimertiopsraon pwiersbly fitamestisulyvigntiaity configuration,

it is possible to properly prevent extension of a magnetic field by the magnetic field shield portions.
This makes it p§2§.%i‘e%§ r%%?b'%{ﬁprp(ﬂgr?g ('ﬁ)}%ﬁér%%ﬂoi;ﬁ%ebmﬁ\gé?@%%?@ g gnetic field.
The magnetic figigishiglehngHER MAY-bew iR g shaRheoMagnesia Berertias of the entire
15magnetic layer, at that position, combining the main recording layer and the auxiliary magnetic layer

exhibit the soft H{H{ﬁ@‘@ﬁ@éﬂﬁb&ﬁ@i@g_r{m}ic field shield portions with a large aspect ratio, it is

possible to form magnetic field shield portions easily and accurately as
10 compared with, for example, the case of forming magnetic field shield portions
over the entire thickness of the magnetic recording tayer. Forming the
magnetic field shield portions only in the auxiliary magnetic layer also includes,
for example, the case where the magnetic field shield portions are aiso formed
in part of the main recording layer in a range not affecting the accuracy of and
15 the number of processes for formation of the magnetic field shield portions.

[0018]

The auxiliary magnetic layer is preferably a magnetic layer in which the
width of the grain boundaries of magnetic grains in the hard magnetic portions
is smaller than that of the grain boundaries of magnetic grains in the main

20 recording layer. it is preferabie that the magnetic grains in the hard magnetic
portions of the auxiliary magnetic layer be exchange-coupied to each other with
a coupling force greater than that between the magnetic grains of the main
recording layer in the direction parallel to the main surface of the substrate.
With this configuration, for example, it is possible to improve the thermal

25  stability of signals recorded in the main recording layer. The grain boundary of
magnetic grains is a region where, for example, atomic arrangement at a
boundary between magnetic grains is disturbed, and is, for example, a region

occupied by impurities precipitated between uniform magnetic grains whose



(Configuration 3) The magnetic field shield portions have an axis of easy magnetization in 20an
in-plane direction parallel to a main surface of the substrate. With this configuration, it is possible to
more appropriately block a recording magnetic field extending toward the adjacent recording regions.
[0021] (Configuration 4) 25The magnetic recording medium is a magnetic recording medium for
perpendicular magnetic recording. The hard magnetig portions of the auxiliary magnetic layer are
magnetic regions that exhibit perpendicular magnetic anisotropy due to interface magnetic anisotropy.
The magnetic field shield 9 portions of the auxiliary magnetic layer are magnetic regions of which an

interface state igdifgreaklenadnatiohibe Agrecaenesitnnomians TRE Widithopxhédiysitbstantially no

perpendicular magnetic anisotropy due to interface magnetic anisotropy. The perpendicular magnetic
anisotropy is, fBceRgai|se o he aanRiiagin® pythe Wachmegnelg Rerians RidheteHdat/ turn in a

drection perpepdicylarir. B A Sullies LIS SHLPIFAS, 19082 iben penTgurag n tis

manner, for exénnggle agnetl shie lons car be formed by changing tHe iNterface state
of the auxiliary gra@BetichOlaxel rdhnthferywithitbisneaniign aiiaxdmpimagpeticdeltislaield portions

can be forrged 11ehasily and properly. [0023] $Configu.ration 5 _

e hard magnetic portions of the auxiliary magnetic layer are each a layer with
an amorphous structure or the like with substantially no grain boundaries
present.

[0019]
{Configuration 2)

10 The magnetic field shield portions are soft magnetic. With this
configuration, it is possible to properly prevent extension of a magnetic field by
the magnetic field shield portions.  This makes it possible to more appropriately
sharpen the boundaries of a recording magnetic field. The magnetic field
shieid portion may be a region where the magnetic properties of the entire

15 magnetic layer, at that position, combining the main recording layer and the
auxiliary magnetic layer exhibit the soft magnetic properiies.

[0020]
(Gonfiguration 3)
The magnetic field shield portions have an axis of easy magnetization in

20  anin-plane direction parallel to a main surface of the substrate. With this
configuration, it is possible to more appropriately biock a recording magnetic
field extending toward the adjacent recording regions.

[0021]
(Configuration 4)

25 The magnetic recording medium is a magnetic recording medium for
perpendicular magnetic recording. The hard magnetic portions of the auxiliary
magnetic layer are magnetic regions that exhibit perpendicular magnetic

anisotropy due to interface magnetic anisotropy. The magnetic field shield



The main recording layer is a layer with a granular structure in which a 15nonmagnetic substance is
segregated at grain boundaries of magnetic grains, and the hard magnetic portions of the auxiliary
magnetic layer are each a multilayer film in which layers of a Co compound and Pd layers or Pt layers
are alternately laminated. [0024] 20When configured in this manner, the magnetic recording medium
becomes, for example, a CGC medium. With this corfiguration, magnetic isolation between the
recording regions of the main recording layer can be properly carried out by forming the magnetic field
shield portions in the auxiliary magnetic layer. Therefore, it becomes possible to make the magnetic 25

recording mediHahram@sﬂbhalaama@m%%mpm@ﬁﬁaeﬁ&t@mqsm@d@w&ﬁéﬁ improve the track
density. The above-mentioned nonmagnetic substance is, for example, an oxide. This oxide is

preferably a metdg Gafestpie 25 Hiffereobhinguthgbel §)e hapimepoelichaaionatdingiaimagnetic
recording mediu%%qrgggsstigi%.af,ugstratre arpigi ama netic layer.formed avertthe sHbstrate, the
magnetic Iayer%rﬁﬁrlsmg 2THaIN réDCB?dPr?g z:'ﬁ/% %or?g(r:]g}f:ﬁr%] E%‘&é’ﬁe ces%hnetlf"aﬁﬁean S5auxiliary
magnetic layer magmaticalisepupled thihgsMrindieGRIGINEJAYEE ARBHIRIPPMH CRIMBKISHIE Eain
recording layer forming step of forming the main recording layer, and an auxiliary magnetic layer

forming step of FRGMBUCtARI SRIGRN YRl Seenfiferennee! iy waghdatigiragépforming step

is a step of forr‘%lg%ghalgﬂﬂi}){oo{%%ma%%pr%té% %?EHS%%E%(?.%?&FVEW at positions 10corresponding to
[ e

recording regions, where magnetic signals aré to be recorded, in the main recording layer and
magnetic field shield ppatigas respectively between the plurality of hard magnetic portions such that
when magnetization curves are measured, the magnetization curve of each magnetic field shield

portion has a slope greﬂ@?@f@ﬂf&%@%ﬁﬁ@%@@ﬁﬁégﬁétﬁ‘ﬁﬁm%ﬁﬁ REGRIIF ISWHENEldn applied
magnetic field '?5:%?1 %é%HHQH'BfQHSH%HBWéZE’HQH eeﬁﬁ%%ﬁwgﬁf?%wr%@& tion is

smaller than those of the hard magnetic portions: The recording regions of the ording layer
are definethby, yeexafi@esforagnétic gl teniguratieiveth ¢romgdhetauidicshinigrationsyem With this
configuration, itgg Oor%seiglg ett(s)il(g)/bégg] ;?rg ;?eh;ﬁ/?t similar to that of Configuration 201. [0026]
[0023]
(Configuration 5)
The main recording layer is a layer with a granular structure in which a
15 nonmagnetic substance is segregated at grain boundaries of magnetic grains,
and the hard magnetic portions of the auxiliary magnetic layer are each a
multilayer film in which layers of a Co compound and Pd layers or Pt layers are
alternately jaminated.
[0024]
20 When configured in this manner, the magnetic recording medium
becomes, for example, a CGC medium. With this configuration, magnetic
isolation between the recording regions of the main recording layer can be
properly carried out by forming the magnetic field shield portions in the auxiliary
magnetic layer. Therefore, it becomes possible to make the magnetic
25  recording medium properly function as a DTR medium or a patterned medium
and to improve the track density. The above-mentioned nonmagnetic
substance is, for example, an oxide. This oxide is preferably a metai oxide.

[0025]



(Configuration 7) The auxiliary magnetic layer forming step forms a hard magnetic layer and
irradiates an ion beam on part of the hard magnetic layer to soft-magnetize 25regions irradiated with
the ion beam, thereby forming the magnetic field shield portions. [0027] When configured in this
manner, the magnetic field shield portions can 11 be properly formed by a simple process. The
auxiliary magnetic layer is preferably a multilayer filmgWith this configuration, the magnetic field shield
portions can be easily formed by, for example, changing the interface state of the multilayer film by
irradiation of an ion beam. 5[0028] Herein, conventionally, as a method of forming guard bands
from a soft magnetic n@gﬁ%d@i@ig Iso known a method of patterning a soft magnetic layer (SUL
layer) located under a magnetic recording layer (S. Takahashi, K. Yamakawa, K. Ouchi, and S.
lwasaki, J. MMM. 287 (2008280 pf Huaneieeiur Dgca ordignetictrésarditigoaetiore mpasisipiity that the

process is complicated to cause an increase in cost. Further, since patterning of the soft magnetic
layer is require u ﬁ%sirr%ii?sag gsngf%ﬂﬂﬁ {BZW b %r%gsoﬁﬁ‘firl%ﬁ (o} ?ﬁ?b%?‘nﬁ?ﬁ B%%@Eﬂw%’(ﬁﬁh sufficient
accuracy for highresaiding FemsichI GG A RIGUHRINY SHigHESd sihsamaangtic shield portions

can be formed by the 15extremely simplified process. Further, irradiation of an ion beam can be

performed Svith SiGHRCAMAGRRIE [RyStirraceticady s iipsbisrtevminfercstdingleyeietbase of
patterning the_srggt%e%}gggrﬁé%}/r%. aT{laigiﬁ:, rggﬁ%gg ]%iné:ref c??r% :“%%fts ea%rf;?gg I?rye[{jg normally as thick as
e igh a t

10 to 100nm, it canno rocessed wi ceuracy. In cortrast, according 10 (E%z?llﬁguration 7, the

20magnetic fielebsbialdgastionarrparbaaniagchvighsuffisipntiaaeiigeayentiamghrecording
density. [0029] auxiliary magnetic layer, wherein the auxiliary magnetic layer forming step is a
step of forming a piurality of hard magnetic portions respectively at positions
10 corresponding to recording regions, where magnetic signals are 1o be recorded,
in the main recording layer and magnetic field shield portions respectively
between the plurality of hard magnetic portions such that when magnetization
curves are measured, the magnetization curve of each magnetic field shield
portion has a slope greater than those of the hard magnetic portions in a region
15 where an applied magnetic field is zero, and a residual magnetic polarization of
each magnetic field shield portion is smalter than those of the hard magnetic
portions. The recording regions of the main recording layer are defined by, for
example, magnetic influence received from the auxiliary magnetic layer. With
this configuration, it is possible to obtain an effect similar to that of Configuration
20 1.
[0026]
(Configuration 7}
The auxiliary magnetic layer forming step forms a hard magnetic layer
and irradiates an ion beam on part of the hard magnetic layer to soft-magnetize
25  regions irradiated with the ion beam, thereby forming the magnetic field shield
portions.

[0027]

When configured in this manner, the magnetic field shield portions can



In the above-mentioned Configurations 1 to 7, the difference in magnetic properties between the hard
magnetic portion and the magnetic field 25shield portion in the auxiliary magnetic layer may be, for
example, the difference in magnetic properties of the entire magnetic layer, at that position, combining
the main recording layer and the auxiliary magnetic layer. The magnetic recording medium is not
limited to the CGC medium and may alternatively be4412 for example, an exchange spring (Exchange
Spring) medium, an exchange coupled composite (ECC: Exchange Coupled Composite) medium, or
the like having a soft magnetic layer as an auxiliary magnetic layer. [0030] 5Another aspect of this first

invention is a MQdg wHSHE RN B PR QYRHTREPHRRRL CaHigdialRng hiRRefRadpainsrecording layer is

a layer with a granular structure in which a nonmagnetic substance is segregated at the grain
boundaries of néefecailgeaimisiimye thitmauxiWiry thagostiguagiéns thenmgaestaliigicosipiia) layer

magnetically coupled to the.main recording, layer. 10In this mode, (1 ranular magnetic recording
layer is provideaga?%sr%%%ﬂgtﬁ%@f ﬂBﬁ%gg @%fr ?ﬁ%?‘@é%tiﬁ%%rﬂ%‘%gﬂégs!B[ﬁ@gﬁﬁ%t?aéer) is
provided, (3) thenea@imatigalisneouplinadryenisMmadpetisain coupled to the magnetic recording layer,

and (4) the magnetically coupling layer has hard magnetic portions and soft magnetic portions with
magnetismPweaker thafpﬂ‘?éj of the 15hard magnetic portions. Further, the magnetic recording layer
other asfpect of this

and the magneticall coyplg IAYGLABIBAPTIec Wilheash e, o010 SUEhaneter &

first invention, the contents in’which “an auxiliary magnefic layer" is’ réplace a magnetically
coupling layer" indhesizovetsriantinerdiCartiouielons rhdéenbdbtiihtteise ipton Materfiare applied.

20[0031] Such another aspect of this first invention includes the following structure.
layer (SUL layer) located under a magnetic recording layer (S. Takahashi, K.
Yamakawa, K. Ouchi, and S. Iwasaki, J. MMM. 287(2005)260). However,

10 according to this method, there is a possibility that the process is complicated to
cause an increase in cost. Further, since patterning of the soft magnetic iayer
is required, there is a possibility that it becomes difficult to implement
processing with sufficient accuracy for high recording density.  In contrast,
according o Structure 7, the magnetic shield portions can be formed by the

15  extremely simplified process. Further, irradiation of an ion beam can be
performed with significantly high position accuracy as compared with, for
example, the case of patterning the soft magnetic layer. This is because since
the soft magnetic layer is normally as thick as 10 to 100nm, it cannot be
processed with high accuracy. In contrast, according to Configuration 7, the

20  magnetic field shield portions can be formed with sufficient accuracy even for
high recording density.

[0029]
In the above-mentioned Configurations 1 to 7, the difference in
magnetic properties between the hard magnetic portion and the magnetic field

25  shield portion in the auxiliary magnetic fayer may be, for example, the difference
in magnetic properties of the entire magnetic layer, at that position, combining
the main recording layer and the auxiliary magnetic layer. The magnstic

recording medium is not limited to the CGC medium and may alternatively be,



(Configuration 8) A magnetic disk in which a magnetic recording layer with a granular 25 structure in
which nonmagnetic grain boundary portions are formed between magnetic grains continuously grown
in a columnar shape and a magnetically coupling layer adjacent to the magnetic recording layer and
magnetically continuous in an in-plane direction of a nonmagnetic substrate are stacked in 13 this
order over the substrate, the magnetic disk wherein: 10 at least the magnetically coupling layer out of
the magnetically coupling layer and the magnetic recording layer comprises; a plurality of hard
magnetic portions respectively formed at positions 5corresponding to recording regions, where

magnetic SIgnapaARAmBR '8RARALGdIIESIALRGRI SR FlodiDf an SIBARRKE feld shield

portions formed between the adjacent’hard magnetic paortions, respectively, wherein when

magnetization cwvpedomeesiteddOGe tmabarge LiompieovBonhpesite magdietic, fielthsHilkdd portion has

a 10slope greafgr than those of the,hTrd magnetic portions in a regjon where an applied magnetic field
r

is zero, and a rEG@¥0 BRSPS B RORASRR ALK IRLY MAR YR '@KRYId portion is smaller than those

of said hard magnetic qgﬁgms. With this configuration, it is possible to obtain an effect similar
to that of 15the above-mentioned Configuration 1 or the like. For example, with this configuration,
it is possibfe to properhAc@ineoaspeshattiisdisritiovepéondsrathedecsndirinidgites. Therefore, for

example, it is pgssible to make netic regording, medium properly function 3s a DTR medium or
a patterned meal%ﬂorﬁfe" u?trﬁfeor??éﬂ‘éecg(%}arﬁ%fg ‘Sm%g EﬁeLPtr &@aﬁ‘er%?ﬁ%?f&é I@F%@c@ B?"tr%%*? it is
possible to reducgrdieitaaekudtie (Rrasrmidkbrnsdiit te puiave hedimrelAeasiiMnio032] In such

another aspect of this first invention, the magnetically coupling
grain boundaries of magnetic grains, and the auxiliary magnetic layer is a

magnetically coupling layer magnetically coupied to the main recording layer.

10 In this mode, (1) a granular magnetic recording layer is provided, (2) a
magnetically coupling layer (not continuous layers but a single layer) is provided,
(3) the magnetically coupling layer is magnetically coupled to the magnetic
recording layer, and (4) the magnetically coupling layer has hard magnetic
portions and soft magnetic portions with magnetism weaker than that of the

15 hard magnetic portions. Further, the magnetic recording layer and the
magnetically coupling iayer are in contact with each other.

In such another aspect of this first invention, the contents in which "an
auxiliary magnetic layer” is replaced by "a magnetically coupling layer" in the
above-mentioned Configurations 1 to 7 and the description thereof are applied.

20 [0031]

Such another aspect of this first invention includes the following
structure,

(Configuration 8)

A magnetic disk in which a magnetic recording layer with a granular

25 structure in which nonmagnetic grain boundary portions are formed between
magnetic grains continuously grown in a columnar shape and a magnetically
coupling layer adjacent to the magnetic recording layer and magnetically

continuous in an in-plane direction of a nonmagnetic substrate are stacked in



layer is a thin film, that exhibits perpendicular magnetic anisotropy, on the 25magnetic recording layer
with the granular structure. By exchange interaction between the magnetic recording layer and the
magnetically coupling layer magnetically coupled to magnetic grains in the magnetic recording layer,
the perpendicular magnetic recording layer and the magnetically coupling layer are 14 magnetically
coupled to each other. [0033] Such another aspegcf of this first invention further includes the
following configurations. 5(Configuration 9) The magnetic disk, wherein the hard magnetic portions in
the magnetically coupling layer are formed at the positions corresponding to the recording regions,

where the magnRiCoH SIS RODBLRSRIdRE AAYIRMAMBE IS ERERIAING layer and the soft magnetic

portions are formed in regions 10other than the posSitions. (Configuration 10) The magnetic disk,
wherein the soft magnegicipastitresraaghgtecall donaing fiyeoricnsf dre foagestitatpooaptihg circles
with respect to a center pf the disk-gha%ed f?ubﬁtrate. 135Config.uration 11) The magnetic disk,
wherein the ma 36@%&5\%%9&? F AP IRE th Y REGRAIR B&Spling layer are in contact with each

other. (Configuration 12) piuraiity Jt1aa3eRGHERI NGRS Jasmagnstirall £ udlinshlayer contains
at 20least CoCrPt. [Effect of the Invention about the First Invention]
5 corresponding to recording regions, where magnetic signals are o be recorded,
in the magnetic recording layer, and

magnetic field shield portions formed between the adjacent hard
magnetic portions, respectively, wherein when magnetization curves are
measured, the magnetization curve of each magnetic field shield portion has a

10 slope greater than those of the hard magnetic portions in a region where an
applied magnetic field is zero, and a residual magnetic polarization of each
magnetic field shield portion is smaller than those of said hard magnetic
portions.

With this configuration, it is possible to obtain an effect similar to that of

15 the above-mentioned Configuration 1 or the like.

For example, with this configuration, it is possible to properly carry out
magnetic isolation between the recording regions. Therefore, for example, it is
possible to make the magnetic recording medium properily function as a DTR
medium or a patterned medium. Further, for example, since the track edge

20 noise is reduced by this, it is possible to reduce the track width (Erase width)
and thus to improve the track density.

f0032]

in such another aspect of this first invention, the magnetically coupling
layer is a thin film, that exhibits perpendicular magnetic anisotropy, on the

25  magnetic recording layer with the granular structure. By exchange interaction
between the magnetic recording layer and the magnetically coupling layer
magnetically coupled to magnetic grains in the magnetic recording tayer, the

perpendicular magnetic recording layer and the magnetically coupling layer are



[0034] According to this first invention, for example, it is possible to reduce track edge noise to improve
the track density. Further, for example, when 25performing magnetic recording, it is possible to block a
recording magnetic field extending toward the outside of a recording region, thereby making the
boundaries of the recording magnetic field sharp. [Best Mode for Carrying Out the First Invention] 15
[0035] (Embodiment 1) Hereinbelow, an embodimen according to this first invention will be described
with reference to the drawings. Fig. 1 shows one example of a 5magnetic recording medium 10
according to the embodiment of this invention. Fig. 1 (a) shows one example of the structure of the

magnetic recorgiagiagehuncdpitiadmagnesi;secording medium 10 is a perpendicular two-layer
medium type magnetic disk adapted to be mounted in a perpendicular magnetic recording type HDD

(hard disk drive). 10[0d86B3] In this example, the magnetic recording medium 10 comprises a

substrate 12, an adhesjve layer 14, a soft netic layer 16, an underlayer 18, rpendicular
magnetic recording Iaygu % é’%ro%%ﬁ@%ﬁ%ﬁ%f‘?nﬁ‘ 450 'ﬂgaﬂrr%%%xf@%e%@%%o%\gW%he

perpendicular raagigliafieeerding layer 1530 comprises a granular layer 20, a coupling control layer
22, and a continuous film layer 24. [0037] The substrate 12 is, for example, a glass for a base. As
this base gfass, there d&rPBECsEBEOTR)example, an aluminosilicate glass, an

The magnetic disk , wherein the hard magnetic portions in the
magnetically coupling layer are formed at the positions corresponding to the
recording regions, where the magnetic signals are 1o be recorded, of the
magnetic recording layer and the soft magnetic portions are formed in regions

10 other than the positions.

(Configuration 10)

The magnetic disk, wherein the soft magnetic portions and the hard
magnetic portions are formed in concentric circles with respect to a center of the
disk-shaped substrate.

15 (Configuration 11)

The magnetic disk, wherein the magnetic recording layer and the
magnetically coupling layer are in contact with each other.

{Configuration 12}

The magnetic disk, wherein the magnetically coupling layer contains at

20 least CoCrP1.
[Effect of the Invention about the First Invention]

[0034]

According to this first invention, for example, it is possible to reduce
track edge noise to improve the track density.  Further, for example, when

25  performing magnetic recording, it is possibie to biock a recording magnetic field
extending toward the outside of a recording region, thereby making the
boundaries of the recording magnetic field sharp.

[Best Mode for Carrying Out the First invention]



20aluminoborosilicate glass, a soda-lime glass, or the like. Among them, the aluminosilicate glass is
preferable. An amorphous glass or a crystallized glass can be used. For example, when the soft
magnetic layer 16 has an amorphous structure, it is preferable that the base glass be the amorphous
glass. Use of a chemically strengthened glass is preferable because the 25rigidity is high. [0038] The
surface roughness of a main surface of the substratg 42 is preferably 3nm or less in Rmax and 0.3nm
or less in Ra. Rmax and Ra follow 16 Japanese Industrial Standard (JIS). By providing such a smooth
surface, for example, a gap between the perpendicular magnetic recording layer 30 and the soft
magnetic layer 16 can @@@gjt constant so that it is possible to form a suitable magnetic circuit across a
head (magnetic head), the perpendicular 5magnetic recording layer 30, and the soft magnetic layer 16.
The substrate 1Bmupgiseeatstibstrate having an isotropic surface with no texture. [0039] For
example, when magnetic fi

field annealing is necessary for controlling magnetic.domajns of the soft
ot Inyer 16 R T R R R R S S TR A e, Simoe the
glass base is eygglapbinvhigntérsistanas. tiedigating lerrperatyined hisilstigie dizcan be set high.

[0040] The adhesive layer 14 is a layer (adhesion layer) for improving the adhesion between the
substrate 22 arfdagessistrepatfiaadnagaim d Ompawpiagitirgerrmisisicet il ks nveipdssible to

prevent strippinﬂgqﬁttzg)ss%ws one example of the structure of the magnetic recording
medium 10. The magnetic recording medium 10 is a perpendicular two-layer
medium type magnetic disk adapted to be mounted in a perpendicular magnetic
recording type HDD (hard disk drive).
10 [0036]
in this example, the magnetic recording medium 10 comprises a
substrate 12, an adhesive layer 14, a soft magnetic layer 16, an underlayer 18,
a perpendicular magnetic recording layer 30, a protective layer 26, and a
iubricating layer 28 in this order. The perpendicular magnetic recording layer
15 30 comprises a granular layer 20, a coupling control layer 22, and a continuous
film layer 24.
[0037]
The substrate 12 is, for example, a glass for a base. As this base
glass, there can be cited, for example, an aluminosilicate glass, an
20 aluminoborosilicate glass, a soda-lime glass, or the fike. Among them, the
aiuminosilicate glass is preferable. An amorphous glass or a crystallized glass
can be used. For example, when the soft magnetic layer 16 has an
amarphous structure, it is preferabie that the base glass be the amorphous
glass. Use of a chemically strengthened glass is preferable because the
25  rigidity is high.
[0038]
The surface roughness of a main surface of the substrate 12 is

preferably 3nm or less in Rmax and 0.3nm or less in Ra. Rmax and Ra follow



magnetic layer 16. As a material of the adhesive layer 14, use can be made of, for example, a
Ti-containing material. In terms of practical use, the thickness of the adhesive layer 14 is preferably set
to 1 to 50nm. In this example, the adhesive layer 14 is an amorphous CrTi layer. The thickness of the
adhesive 20layer 14 is, for example, about IOnm. [0041] The soft magnetic layer 16 is a layer for
forming a magnetic circuit between the head and thegerpendicular magnetic recording layer 30. The
soft magnetic layer 16 is not particularly limited as long as it is made of a magnetic 25substance that
exhibits soft magnetic properties and, for example, preferably has as its magnetic property a coercive

force He of 0.0Ldp. 40 sepiads-a e maus BTfirRDIsP GhiRA Aekernfoufiherhpucfgrably has as

its magnetic property a saturation magnetic flux density Bs of 500emu/cc to 1920emu/cc. 17 [0042]
As a material obtaEsist magndidvi@perthe pbrmendiculse aitghdtc oerrtiig RydtEdasettneaterial, a

Co-based ial, or the like. F le, b f an Fe- d soft ti terial
Such a6 FoTaCBTR Gt 0 SN BARE e, PERL VB Moy OeRb By or |

FeCo-based allgyiablearRpsriiseficnagpriic Matin seehascFrharaptealielalFoNbZr-based

alloy, an FeCo-based alloy soft magnetic material, or the like. [0043] The thickness of the soft
magnetic ldyer T@@sefdr EEATHHNS, [29e03(02001he Sl pragiatn/@eic §00rie wubsirate thickness is

less than IOnm__there is a case where it becomes difficult to form a suitable magnetic circuit across the
head, the perpem%Ycﬁ?a?‘ rsr]u;bgsﬁ]r&%qugér}%i% 'a%}é?%ﬁ,sgng ?ﬁews'tgﬁﬂn%sgegx elfe layer 16, while, when the

thickness exceeds 200n3ghere is a case where the surface roughness increases. Further, when the
thickness exceeds 15 200nm, there is a case where the magnetic domain control becomes difficult.
[0044]  Herein, largEha¥HBRE BRI 3RS IRldsmnedingHe Refersagnh &sicoayspied when

::;gef ;‘:sag:‘eigfa%‘%ﬁﬁé@éa%ﬁ%ﬁ%‘/S(fﬁﬂé SRR OLPISFIRNE IR LG SOIS g ROt magnetic
10 use the substrate 12 being a glass base. Since the giass base is excellent in
heat resistance, the heating temperature of the substrate 12 can be set high.

[0040]

The adhesive layer 14 is a layer {adhesion layer) for improving the
adhesion between the substrate 12 and the soft magnetic layer 16. By

15 providing the adhesive layer 14, it is possible to prevent stripping of the soft
magnetic layer 16. As a material of the adhesive layer 14, use can be made of,
for example, a Ti-containing material. In terms of practical use, the thickness
of the adhesive layer 14 is preferably set to 1 to 50nm. In this example, the
adhesive layer 14 is an amorphous CrTi layer. The thickness of the adhesive

20 layer 14 is, for example, about 10nm.

[0041]

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 particularly limited as long as it is made of a magnetic

25  substance that exhibits soft magnetic properties and, for example, preferably
has as its magnetic properity a coercive force Hc of 0.01 to 80 oersteds and
more preferably 0.01 to 50 oersteds. Further, it preferably has as its magnetic

property a saturation magnetic flux density Bs of 500emu/cc to 1920emu/cc.



20soft magnetic material layers antiferromagnetically coupled (AFC: Anti-Ferro Magnetically Coupled)
to each other. With this configuration, it is possible to prevent noise generation by making the
magnetic domains difficult to move. [0045] In this example, the soft magnetic layer 16 comprises a
plurality of 25 CoTaZr layers antiferromagnetically coupled to each other through a Ru layer interposed
therebetween. The Ru layer is, for example, a layer \Wh an hcp crystal structure. The thickness of the
Ru layer is, for example, about 0.9nm. Each CoTaZr layer is a layer with an amorphous structure. The
thickness of 18 each CoTaZr layer is, for example, 20 to 27.5nm. [0046] The underlayer 18 is a
layer for controlling the;ggusipl structure of the perpendicular magnetic recording layer 30. The
underlayer 18 may be a Smultilayer film of a plurality of kinds of films. In this example, the underlayer
18 comprises a first oriéatatioateoatwfl iy snfansegoeiit daipet i) nthesateahldyaritad, igolation promoting

layer, and a miniaturization promoting layer in this order over the soft magnetic layer 16. [0047] 10The
first orientation TGHID a%rpig“gaﬁ%Hﬁ%ﬁt%lﬁﬁmgrm%ieﬁféﬂs lIR-thE WeAAYRentation

control layer beiiag #511BERAACH UhiFis SX8BRIEH hadinehRriRaiafianscents iveidsegxample, a

Ta layer or a CoCrTa layer with a bcc crystal structure Close to amorphous. The thickness of the first
orientationTon@bbyayerg\foasscaljsiy, bdduvased. aiihg, Sfeabob-bEseia aiktioncoaGolbagedis a layer

for improving the orientation of the further er layer. In this example, the second orientation control
layer is a Ru Ia@e‘?’(/\/ﬁh gﬁ%ﬁé@%{w@%éﬁ@aﬁﬁﬁ%ﬁ 28 @Pﬁ%@é‘éﬁ ?ﬁjf@ﬁ?étion control layer
is, for example it 1BaSEdAAB] an FeCo-based alloy soft magnetic material, or the like.

[0043]

The thickness of the soft magnetic layer 16 is, for example, 10 to

10 200nm and preferably 20 to 100nm. When the thickness is less than 10nm,
there is a case where it becomes difficult to form a suitable magnetic circuit
across the head, the perpendicular magnetic recording layer 30, and the soft
magnetic layer 16, while, when the thickness exceeds 200nm, there is a case
where the surface roughness increases. Further, when the thickness exceeds

15 200nm, there is a case where the magnetic domain control becomes difficult.

[0044]

Herein, large magnetic domains tend to be formed in the soft magnetic
layer 16. When large magnetic domains move, there is a possibility of noise
generation. Therefore, the soft magnetic layer 16 preferably has a plurality of

20  soft magnetic material iayers antiferromagnetically coupled (AFC: Anti-Ferro
Magnetically Coupled) to each other. With this configuration, it is possibie to
prevent noise generation by making the magnetic domains difficult to move.

[0045]

In this example, the soft magnetic layer 16 comprises a piurality of

25 CoTadr layers antiferromagnetically coupled to each other through a Ru layer
interposed therebetween. The Ru layer is, for example, a layer with an hep
crystal structure.  The thickness of the Ru layer is, for example, about 0.9nm.

Each CoTaZr layer is a layer with an amorphous structure. The thickness of



20The isolation promoting layer is a layer for separating the composition of its upper layer to promote
isolation of crystal grains. The isolation promoting layer is formed by a sputtering method in a state
where, for example, the gas pressure is higher than that in forming the Ru layer being the second
orientation control layer. By this, the isolation promoting layer becomes a layer in which 25crystals are
small and crystal grains are away from each other. In this example, the isolation promoting layer is a
Ru layer with an hcp crystal structure. The thickness of the isolation promoting layer is, for example,
about IOnm. [0049] 19 The miniaturization promoting layer is a layer for promoting miniaturization

of crystal graing, 9Lt URASF fgyg;iépfg?ig)@mﬁpgl%t@ﬁ!gﬁwrization promoting layer is a layer

(CoCr-Si02 layer) with a nonniagnetic crystal grain granular structure in which Si02 is segregated at
the grain 5boundaries ¢d®Bimagnetic CoCr crystal grains. In the miniaturization promoting layer, the
CoCr crystal structure ig, for example, an hcp crystal structure. The miniaturization promoting layer

f
may partly contain Cocihﬁiﬂmgeﬂ'@:y BR/RAP GG O PRElinghtns: SialstrectHIgifiuRSation
promoting iayerygrfehaxarPliaghond ARaite dyePdo 16peL kg SRl tas; 1 Ominiaturization

promoting layer is, for example, about 2nm. The granular layer 20 of the perpendicular magnetic
recording layer B0ligfpenfda on ahelurdhtpnfrkiateifionsoting thircexf00bE], The rdeddsetay@r 20 is a
layer with a granular structUée (gn whi%}.an 150x(i§§ IS se?areg%ate at the grain boundaries of
miniaturized cryStAIRIRTRS 4R B SAPIEVI Y flafh SR iﬂaqgﬁ%‘?%cﬂﬂy AXEREHEthe granular
layer 20 is a CQ%ﬁii&%dﬁy@ﬁr@@fé}@&iH%Wﬁﬁii&ﬁ@ﬁ}ﬂﬂﬁcﬁi ysoRalitssipelance
magnetically isolating the magnetic grains at the grain boundaries of the magnetic grains. The
thickness of theOyfariligasodyBAQ0EKS feyexifnple, 20 20nm or less, preferably 8 to 16nm, and more
preferably 7 to 15nm (e[@Ofﬁout 9nm). [0051] The magnetic grains of the granular layer 20 are crystal
grains that

10 The first orientation control layer is a layer for controlling the crystal
orientation of the second orientation control layer being its upper layer. in this
example, the first orientation control layer is, for exampie, a Ta layer or a
CoCrTa layer with a bee crystal structure close to amorphous.  The thickness
of the first orientation control layer is, for example, about 3nm. The second

15  orientation control layer is a layer for improving the orientation of the further
upper layer. In this example, the second orientation control layer is a Ru layer
with an hep crystal structure.  The thickness of the second orientation controf
layer is, for example, about 10nm.

[0048]

20 The isoiation promoting iayer is a layer for separating the composition
of its upper layer to promote isolation of crystal grains. The isolation promoting
layer is formed by a sputtering method in a state where, for example, the gas
pressure is higher than that in forming the Ru layer being the second orientation
control layer. By this, the isolation promoting tayer becomes a layer in which

25  crystals are small and crystal grains are away from each other. In this example,
the isolation promoting layer is a Ru layer with an hcp crystal structure.  The
thickness of the isolafion promoting layer is, for example, about 10nm.

[0049]



exhibit perpendicular magnetic anisotropy, and are adapted to reverse their 25magnetic moments
according to a signal recorded in the granular layer 20. In this example, these magnetic grains are
CoCrPt with an hcp crystal structure. The size (diameter) of the magnetic grains is, for example, 5 to
20nm and preferably 8 to 15nm. The width of the grain boundaries of the magnetic grains 20 is 2nm
or more, for example, 2 to 20nm and preferably 4 to Jfgnm. The width of the grain boundaries of the
magnetic grains represents, for example, an average Value of the widths of the grain boundaries of the
magnetic grains in the granular layer 20. 5[0052] The nonmagnetic substance contained in the
granular layer 20 is a nepmay |c o%< ldo% se{gre ate aat mg r%m b undarle .of the magnetic grains. In
this example, this nonmagne i su stanc ore an"Yp AR QAS the nonmagnetic

substance, usermammmafcf%tgxgmmal@gtawa@me (ﬂ@ﬁkl@&@ﬁ t@ftﬁa,DZ The content of
Si02 or the like in the granular layer 20 is, for example, 10 to 16at% and preferably 12 to 14%. [0053]

When, for exanfpiBiaiHEzasiorRGNling RY@rasied 2y eliGie GadiCariavers Vit SRPRIIBENEIBe improved
by mlnlaturlzatlggjyg,lfa rgeré] %%‘&r%%%ﬂ%j@%%i% éhe!rsesl 9?%%&?68 ﬁﬁ)ll of the occurrence of
v orc Icu

degradation in coercli c perpen ar magnetictaniso af the granular layer

20 alone. Farthenuoyithiss tfentivenaghstiallis g of the 0 gaitar Iayew%&mhamr&sﬂ@ﬁldered to be
reduced. However, in this example, the continuous film layer 24 is formed over the granular layer 20.

Therefore, everPIPIRB!BSCBNESNE 2367 svHe! KB FURRIGr STURXRMEDS. 20 RAPGIYERR, it is possible to

structure.  The miniaturization promoting layer may partly contain CoCr with a
bee crystal structure.  The content of SiO; in the miniaturization promoting
layer is, for example, about 12at% (e.g. 10 to 16at%). The thickness of the
10 miniaturization promoting layer is, for example, about 2nm. The granular layer
20 of the perpendicular magnetic recording layer 30 is formed on the
miniaturization promoting layer.
[0050]
The granular layer 20 is a layer with a granular structure in which an
15 oxide is segregated at the grain boundaries of miniaturized crystal grains, and is
one example of a main recording layer. In this example, the granuiar layer 20
is a CoCrP1-SiO; fayer and contains magnetic grains and a nonmagnetic
substance magnetically isolating the magnetic grains at the grain boundaries of
the magnetic grains. The thickness of the granular layer 20 is, for exampile,
20 20nm or less, preferably 8 to 16nm, and more preferably 7 to 15nm {(e.g. about
anm).
[0051]
The magnetic grains of the granular layer 20 are crystal grains that
exhibit perpendicular magnetic anisotropy, and are adapted to reverse their
25  magnetic moments according to a signal recorded in the granular layer 20. In
this example, these magnetic grains are CoCrPt with an hep crystal structure.
The size (diameter) of the magnetic grains is, for example, 5 to 20nm and

preferably 8 to 15nm. The width of the grain boundaries of the magnetic grains



prevent the occurrence of these problems. [0054] The coupling control layer 22 is a layer for
controlling the strength of magnetic coupling between the granular layer 20 and the continuous film
layer 2524. In this example, the coupling control layer 22 is, for example, a Pd layer with an fcc crystal
structure. The thickness of the coupling control layer 22 is, for example, 2nm or less and is, for
example, 0.5 to 1.5nm and preferably 0.7 to 1.0nm (gg. about 0.8nm). The coupling control layer 22
may alternatively be a 21 Pt layer. [0055] The continuous film layer 24 is a layer in which
exchange coupling continuously extends in a direction parallel to the main surface of the substrate

512. The contindaus-finiayer &t &xanp R ampoRhraSHALYBIOINRIEIANET athpikains magnetic

grains that exhibit perpendicular magnetic ‘anisotropy. These magnetic grains are magnetically
exchange-couptédhis graimimgneides aihthefrtieg netin Waitsymp2esents diveci@mpézpandicular to the
main surface of the substrate 12. 10[0056] The wjdth of the grain boundaries of these magnetic
grains is smallet AT YE éﬁﬁf#ﬂlﬁj%ﬁﬁ&%ﬁh@%é@H%ﬁ@g’i’é‘?ﬂ?%?Qﬁgcg%ﬁ‘ﬂ]%ﬁayer 20 and,

for example, Inmoplaas@Rthierfon example, 0.1 to Inm and preferably 0.3 to 0.8nm. By this, in the
direction parallel to the main surface of the 15substrate 12, the magnetic grains of the continuous film
layer 24 aré exchange{6888ied to each other with a coupling force greater than that between the

magnetic grains of the granular layer 20. Therefore, with this configuratign, for e le, by pinning
(Pinning) magnetizatior? FP)? {F]oen%qﬁpnefgussu alrz]ﬁ/ee%%ﬂrs‘ﬁ'u ! g&%@ﬁﬂ%h%ﬁﬁ?{g}%ﬁular layer 20, it
is possible to innpravadhetidhisenalgitahility of tasasead stanrlsridbethieknesnofdhpgaatinuous film

layer 24 is, for example, 1 to 8nm, preferably 3 to 6nm, and more preferably 4 to 5nm. [0057]
in this example, this nonmagnetic substance is, for example, silicon oxide

(SiOg). As the nonmagnetic substance, use may be made of, for example,
10 titanium oxide (TiO2) instead of Si0O>.  The content of SiO» or the like in the
granular layer 20 is, for example, 10 to 16at% and preferabiy 12 to 14%.
[0053]
When, for example, the content of SiO. or the like is set {o 6at% or
more, the SN ratioc can be improved by miniaturization of the nonmagnetic
15  substance, but there is also a possibility of the occurrence of degradation in
coercive force He, perpendicular magnetic anisotropy, or the like of the granular
layer 20 alone. Further, by this, the thermal stability of the granular layer 20
alone is considered to be reduced. However, in this example, the continuous
film layer 24 is formed over the granutar layer 20. Therefore, even if the
20 content of SiO» or the like in the granular layer 20 is increased, it is possibie to
prevent the occurrence of these problems.
[0054]
The coupling control layer 22 is a layer for controlling the strength of
magnetic coupling between the granular layer 20 and the continuous film layer
25 24. Inthis example, the coupling control layer 22 is, for example, a Pd layer
with an fcc crystal structure.  The thickness of the coupling control layer 22 is,
for example, 2nm or less and is, for example, 0.5 to 1.5nm and preferably 0.7 to

1.0nm {e.g. about 0.8nm). The coupling control iayer 22 may alternatively be a



The ratio NB between the thickness A of the granular layer 20 and the 25thickness B of the continuous
film layer 24 is, for example, 2 to 5 and preferably 3 to 4. With this configuration, it is possible to exhibit
suitable perpendicular magnetic recording characteristics by the exchange coupling. A magnetic
anisotropy constant (maximum anisotropy energy) Ku of the magnetic grains of 22 the continuous film
layer 24 is, for example, preferably greater than that #f the soft magnetic substance. With this
configuration, it is possible to reduce the width of domain walls formed in the continuous film layer 24.
The magnetic anisotropy constant Ku of the continuous film layer 24 may be greater than that 5of the
granular layer 28 A\gpercive force Hc of a material forming the continuous film layer 24 may be, for
example, smaller than that of the material forming the magnetic grains of the granular layer 20. [0058]
In this example, the cod@®Rlus film layer 24 is in the form of a 10multilayer film in which CoCr layers

106 and Pd | 108 are alternately laminated by about th .g. two or three layers) f
cach. The Cocr layer TOCATA)RSONRNG A BT G ORE S FAERCHAES of tho CoC

layer 106 is, forcexammeasFaausfR5Am e imainyes Hfhiseriamahnihi,ashgscribed

above, the magnetic grains of CoCr are not 15required to have a crystal structure. The CoCr layer 106
may contaip, foil @xarReEHBuauSHifis @Y eT Gd isvithepraptpiyatanatudiars MignPicliauar 108 is a

nonmagnetic P with a é crystal.structure, The thickness of the Pd layer 108 is, for example,
about 0.8nm. rl‘e%r)llgcggrtéfaﬁr@ %ﬁ?ﬂlgs raérr]l%l{eq,alfn%rr‘fgf@ %Qgﬁ%ﬁ‘fg Anid 889%/3818'&? f2ed at the

interface betwegndbe RRgesHc|gyand BfsanddhetRdilrpre AASg By sipridng the lYgFeAO6 and 108, for

example, by three |ayers for each, it is possible to obtain necessary perpendicular magnetic
anisotropy. Thi¢fREke! ifs3apldaniaEanee Ma diraetiessraesdsriaiuedesimpiayai@sas compared
with using, for e&ﬁw&&ﬁ gl(laégyer continuous film layer 24. 25[0059] The continuous film layer 24
may have, for example, a Pt layer instead

10 {0056]

The width of the grain boundaries of these magnetic grains is smaller
than that of the grain boundaries of the magnetic grains of the granuiar layer 20
and, for example, 1nm or less and is, for example, 0.1 to 1nm and preferably
0.3 10 0.8nm. By this, in the direction paraliel o the main surface of the
15 substrate 12, the magnetic grains of the continuous film layer 24 are
exchange-coupled to each other with a coupling force greater than that between
the magnetic grains of the granular layer 20. Therefore, with this configuration,
for exampile, by pinning (Pinning) magnetization of the continuous film layer 24
using magnetization of the granular layer 20, it is possible to improve the
20  thermal stabiiity of recorded signals. The thickness of the continuous film layer
24 is, for example, 1 to 8nm, preferably 3 to 6nm, and more preferably 4 to
5nm.
[0057]
The ratio A/B between the thickness A of the granular layer 20 and the
25  thickness B of the continuous film layer 24 is, for example, 2 to 5 and preferably
3 to 4. With this configuration, it is possible to exhibit suitable perpendicutar
magnetic recording characteristics by the exchange coupling. A magnetic

anisotropy constant {maximum anisotropy energy) Ku of the magnetic grains of



of the Pd layer 108. Further, the continuous film layer 24 may have a CoB layer instead of the CoCr
layer 106. The continuous film layer 24 may 23 alternatively be a multilayer film [CoX/Pd or Ptin in
which layers of a Co compound and Pd layers or Pt layers are alternately laminated by n layers for
each. Alternatively, the continuous film layer 24 may be, for example, a single-layer film with high Pt
content. The continuous film layer 24 may alternatively be a single-layer film of, for example, CoCrPt,
CoPt, CoPd, FePt, CoPt3, CoPd3, amorphous ThFeCoCr, SmCo5, Nd2Fel4B, Co20Pt30, or the like.
[0060] In this example, magnetic field shield portions 202 are formed in part of the continuous film

layer 24. The magnefififigitShipldRRriant 2% aka ipmes A iphRATIIG CIANgNH e crystal

structure thereof by ion-beam irradiation. In the continuous film layer 24, regions where the magnetic
field shield portesritraggnate sobftanced séiitd Hyheodfiparataic postmesiP@icdDethisedhthe magnetic

field shield portions 202 and the hard magnetic portions 204 will be described later. 15[0061] The
pl)rotectilve Iayer‘l"ﬁ%%gr? ?ﬁ@ﬁ]ﬂr%%?ﬁw%rlgﬁ%r ‘ﬂ%‘%&?h%ﬂ%?‘f‘&ml@d ri elc i fn layer 24.
The protective layRb#605 olahiaPspigeinthiir ossReRdigianmaciele greareingdaygs30 from an

impact of the head. The protective layer 26 is, for example, a carbon-based film with a 20diamond-like
structure. The labHEagdrgeay8i2d laferoeicivertrembichef ribityiddawaérpttehead and the

magnetic recordicp '%%%ig n%?a quzllurtr)wric tingf I:;tyer 28 Eéfor e arﬂg)le,ﬁ%ln}ﬁ{ PEPE . |
(perfluoropolyefﬁer Torned by y 8|p coaﬁ%)%ﬁe?h&)](.afaa ]sggﬁine(h Gt %8‘5‘%%%5%5 of the
magnetic recorginghimeeiemaghéfie sespecivedayersueamaite adhesive layer 14 to the continuous film
layer 24 are each preferably formed by a sputtering method. Particularly, a DC magnetron sputtering

method is preferable bée@@8k uniform film formation is 24 enabled. On the other hand, the protective

layer 26 is preferably f%‘%ﬁi@ 8¥a%%¥%ﬁgeégﬁﬁjn&ggg?f}tm layer 24 is in the form of a

10 multilayer film in which CoCr layers 106 and Pd layers 108 are alternately
laminated by about three layers (e.g. two or three layers) for each. The CoCr
layer 106 is a layer containing magnetic grains of CoCr. The thickness of the
CoCr iayer 106 is, for exampie, about 0.35nm. When the CoCr layer 106 is
extremely thin as described above, the magnetic grains of CoCr are not

15 required to have a crystal structure. The CoCr layer 106 may contain, for
example, crystal grains of CoGr with an hpc crystal structure. The Pd layer
108 is a nonmagnetic Pd layer with an fcc crystal structure.  The thickness of
the Pd layer 108 is, for example, about 0.8nm. When configured in this
manner, interface magnetic anisotropy is generated at the interface between the

20  CoCr layer 106 and the Pd layer 108. By stacking the layers 106 and 108, for
example, by three layers for each, it is possible to obtain necessary
perpendicular magnetic anisotropy. This makes it possible to reduce the
thickness of the continuous film layer 24 as compared with using, for example, a
single-layer continuous film layer 24.

25 [0059]

The continuous film iayer 24 may have, for example, a Pt layer instead
of the Pd layer 108. Further, the continuous film layer 24 may have a CoB

layer instead of the CoCr layer 106. The continuous film layer 24 may



When forming the CoCr layers 106 and the Pd layers 108 of the 5continuous film layer 24, it is
preferable to use Kr as a sputtering gas. With this configuration, the interface magnetic anisotropy can
be more appropriately generated by forming the clean interfaces between the CoCr layers 106 and the
Pd layers 108. The CoCr layers 106 and the Pd layers 108 may be formed by a CVD method.
10[0064] Herein, the method of forming the magﬂgtic field shield portions 202 and the hard
magnetic portions 204 of the continuous film layer 24 will be described in further detail. The
perpendicular magnetic recording layer 30 in the magnetic recording medium 10 of this example is

formed throughy ek alay RIUAEINSRFOZESRFHUPHRGCIRIR! B frming process, and a

continuous film layer forming process. The granular layer forming process is one example of a main
recording layerdompingnoraoddschiagiderimsRhizgeematardigersdéhpathieainddrlaydayds Tore coupling

control layer forming progess forms the coupling control layer 22 on the granular layer 20. The
continuogs 20fi%gfyef%g$mmg %oéﬁ%§?§%%§§%?3y3¥%4éﬂ%iQF’y méﬁﬁ%??@ﬁzér forming process
and forms the capgrRURYE it QNer AroPthSROMPIINBHEORLFAIHEYEE £ifn [BYEPb4 maln this example,

the continuous film layer forming process comprises a hard magnetic layer forming process and an
ion-beam ifradiatiem plvedsbe Eheirigrdarantign efid tageafomengqitote SsoBtnioR tare Phagnetic layer

in the form of t Iti . film of the CoCrlayers 106 and tg@g'ﬂ layers 108. The i n;feam
irradiation procr(eﬁic,ogg Srr@?ﬁé’ r%%}é) 4 qt‘l U'Zﬁ)éﬁé%é Bo%ﬂﬁéf’z yei‘r?édgﬂ %’i%%g Fon part of
the hard magnetic laye[ggsggft-magnetize its 25 regions irradiated with the ion beam. Regions not
irradiated with the ion beam are left remaining as the hard magnetic portions 204. By this, the

continuous film layer fomwQ pracudls mmesete HielgntirldirriémeldGiorieferzaal dngariehard
magnetic portiopa 204 SRR RS IIM 1810k 24, 2(0008) crickl%ict (M Shpys 8 fisl axample of

an ion-beam irra IS example, the'ion-beam irra On process uses a silicon stencil

mask 40 tp0set kgpionextoriper ittt apden Seatude tandbemsooiess madarrmn24. Then, the
magnetic field shield portions 202 are formed by irradiating the 10ion beam 42 on those regions. With
this Configuratidﬁ1TRQ§BB§§W§Q6HFH layer 24, regions where the magnetic field shield portions

202 are not formed serve as hard magnetic portions 204. Details of the
magnetic field shield portions 202 and the hard magnetic portions 204 will be
described later.

15 [0061]

The protective layer 26 and the lubricating layer 28 are further formed
over the continuous film layer 24. The protective iayer 26 is a layer for
protecting the perpendicuiar magnetic recording layer 30 from an impact of the
head. The protective layer 26 is, for example, a carbon-based film with a

20  diamond-like structure. The lubricating layer 28 is a layer for increasing the
lubricity between the head and the magnetic recording medium 10. The
lubricating layer 28 is, for example, a film of PFPE (perfiuoropolyether) formed
by a dip coating method.

[0062]

25 in the manufacturing processes of the magnetic recording medium 10,
the respective layers from the adhesive layer 14 to the continuous fitm layer 24
are each preferably formed by a sputtering method. Particularly, a DC

magnetron sputtering method is preferable because uniform film formation is



accurately set the regions to be irradiated with the ion beam 42. Therefore, according to this example,
the magnetic field shield portions 202 can be properly formed with high accuracy. [0067] 15Herein, the
ion-beam irradiation process forms the magnetic field shield portions 202, being soft magnetic regions,
in the regions irradiated with the ion beam 42 by, for example, changing the crystal structure of the
continuous film layer 24 by the energy of the ion beagy 42. In this case, the ion-beam irradiation
process may form the magnetic field shield portions 202 so that the 20 entire perpendicular magnetic
recording layer 30 combining the granular layer 20, the coupling control layer 22, and the continuous

film layer 24 exybjisdfie 9/ MAGRRIGRIRPeRIESOIQIRNARITBA TARIRAORRIPRESBIB{aably forms

the magnetic field shieid portions 202 having an axis of easy magnetization in an in-plane direction
parallel to the rRP soethod.of the substrate 12. With this 25configuration, it is possible to more
appropriately block a rﬁﬁ%ﬁ?g magnetic field extending in the direction parallel to the main surface of
the substrate 12 by th etic field shield portions 202. [0068] 26 In this example, the

continuous film layer 2w§éhwﬁw%r(ﬁm,qfa%q§g@mlﬁ@ aperthegddlapers 108. This

multilayer film exhibits the perpendicular magnetic anisotropy due to the interface magnetic anisotropy.
Therefore, 3he Bardinnayadtic furtiods. 208 pefaraiated: astikias ipssRring S madMiglic regions that

exhibit the perpgndicular magnetic anisoiropy. due tq.the interface magnetic anisotropy.,[0069] The
S e R R A B s S5 T AR AW fon e

ion-beam irradiation pro%ess

42 on this multitayeyr ey teyfesmag Ralraaiimetrisceoptamnashimthe &0Bdayers dOaanthihe Pd

layers 108 of the multilayer film, respectively. This makes the interface state of the magnetic field
shield portions PaJayi#iéréRBiromMth&O6F thyaiartOS agadhe fisttvyRy 2085 praydeeneimagridtic field
shield portions %%5%% oft magnetic regions that exhibit substantially no perpendicular magnetic
anisotropy due to Interface 15magnetic anisotropy. Therefore, according to this example, the magnetic
field 10 [0064]

Herein, the method of forming the magnetic field shield portions 202
and the hard magnetic portions 204 of the continuous film iayer 24 will be
described in further detail. The perpendicular magnetic recording layer 30 in
the magnetic recording medium 10 of this example is formed through a granular

15 layer forming process, a coupiing control layer forming process, and a
continuous film layer forming process. The granular layer forming process is
one example of a main recording layer forming process and forms the granuiar
layer 20 on the underlayer 18. The coupling control layer forming process
forms the coupling contro! layer 22 on the granular layer 20. The continuous

20 film layer forming process is one example of an auxiliary magnetic layer forming
process and forms the continuous fiim layer 24 on the coupling control layer 22.

[0065]

in this example, the continuocus film layer forming process comprises a
hard magnetic layer forming process and an ion-beam irradiation process. The

25 hard magnetic layer forming process forms a hard magnetic layer in the form of
the multilayer film of the GoCr layers 106 and the Pd layers 108. The
ion-beam irradiation process forms the magnetic field shield portions 202 by

irradiating an ion beam on part of the hard magnetic layer to soft-magnetize its



shield portions 202 can be properly formed by ion-beam irradiation. Further, it is possible to form the
magnetic field shield portions 202 substantially only in the continuous film layer 24 among the
respective layers included in the perpendicular magnetic recording layer 30. 20[0070] Fig. 2isa
top view of the continuous film layer 24 showing positions of the magnetic field shield portions 202 and
the hard magnetic portions 204. In the figure, white pgrtions and black portions in the hard magnetic
portions 204 represent the difference in magnetization direction due to the difference in 25information
recorded in respective bits on tracks. In this example, the magnetic field shield portions 202 are each

formed in a guard, ' j region b j - i
correspondingqté%ﬁg %%ﬁ%%%é)o&r}nmeg%ﬁgﬁgrg %%gnﬁ%@%ﬁt#ﬁﬁfﬁaﬁé%ﬁﬁzgﬁ%fgr layer 27
20, the tracks aaeedeftinectdinintags ¢tie dftdenagneitep@tidran2tide cBytihisotisefidorkyeszd. [0071]

With this configuration, the tracks are magnetically isolated from each 5other by the magnetic field
shield portions @5‘2I.aVﬁEF@'fB}‘QQiP@B%%%fﬂfgﬁtﬂ%ﬂ@gﬁ@?ﬁa{ﬁ@ﬁ@ﬁ%@cﬂ?ﬁﬁ%égﬁjﬁ?Q%ee Fig. 1)

properly functior,as AR BiESHHRsFAM 1B SY ARG IRf%:s ack edge noise is reduced by

this, it is possible to reduce the track width (Erase width) and thusS to improve the track density.
10[0072] Farther, wheri0&$tfigured in this manner, the magnetic field shield portions 202 being the soft

magnetic regions prevent a grlet'c field from extending in the direction parallel to the main surface
of the SlIJbstraILte 12 (s\é%r;ﬁid.n@ﬁ I Iﬂ ﬁﬁ‘fét ﬁé@@%ﬁgg}gpé‘," éﬂﬁﬁgagt%i‘%h%‘ﬁg’ﬁgwhgﬁ recuording
15a magnetic sigaaleiipie tAeko-iscapssidlgisa dloskastacosding mrgneadie fisldrdending toward the

outside of the track, thereby making the boundaries of the recording magnetic field sharp. This makes

it possible to prégleiggiprevéaibgéiadiatetwith aripsdoeamgtiagnbtk fmitrfuvons idinipgrerted on the
B ke e e g e BT B BB YRS eEA AR racks can be

10 ion beam 42 on those regions. With this configuration, it is possible 10
accurately set the regions o be irradiated with the ion beam 42. Therefore,
according to this example, the magnetic field shield portions 202 can be
properly formed with high accuracy.

[0067]

15 Herein, the ion-beam irradiation process forms the magnetic field shield
portions 202, being soft magnetic regions, in the regions irradiated with the ion
beam 42 by, for example, changing the crystal structure of the continuous film
layer 24 by the energy of the ion beam 42. In this case, the ion-beam
irradiation process may form the magnetic field shield portions 202 so that the

20  entire perpendicular magnetic recording layer 30 combining the granular layer
20, the coupling control layer 22, and the continuous film layer 24 exhibits the
soft magnetic properties. The ion-beam irradiation process preferably forms
the magnetic field shield portions 202 having an axis of easy magnetization in
an in-plane direction parallel to the main surface of the substrate 12.  With this

25  configuration, it is possible to more appropriately block a recording magnetic
field extending in the direction parallel to the main surface of the substrate 12 by
the magnetic field shield portions 202.

[0068]



The track width L1 of the magnetic recording medium 10 is, for example, 100 to 200nm and preferably
135 to 165nm. The track interval (track pitch) L2 being a distance from the center of the track to the
center of the adjacent track 25 is, for example, 150 to 250nm and preferably 180 to 220nm. The width
L3 of each magnetic field shield portion 202 in a track width direction is, for example, 30 to 70nm and
preferably 40 to 60nm. [0074] 28 Magnetic field shiglg portions 202 may further be formed in regions
each located between bits to be recorded on the tracks. With this configuration, it is possible to make
the magnetic recording medium 10 function as a patterned (bit-patterned) medium. 5[0075] Figs.

3 and 4 are graphs shqy/iRg Be.RRIESIAE CRANBESIS MAIAGHF 2 QP RLHSS AQRMFANBTHiation on

multilayer films each being the same as the continuous film' layer 24. Table 1 Shows ion-beam
irradiation conditdmsiayaredhisnainathe R fryetise Bagridtic projitatiestdmoswhibitthéngraphs of Figs. 3

10 and 4 and coercive forces Ho and squareness, ratios S in the respective magnetic properties. [Table
1] sample Specpggpgggé?g 55”&95\%%@5%% e A J;hgdég;%ce magnetic anisotropy.

Therefore, the hard magnetic portions 204 not irradiated with the ion beam are
5 magnetic regions that exhibit the perpendicular magnetic anisotropy due to the
interface magnetic anisotropy.
[0069]
The ion-beam irradiation process forms the magnetic field shield
portions 202 by irradiating the ion beam 42 on this muliilayer film to form an
10 alloy of metals contained in the CoB layers 106 and the Pd layers 108 of the
multilayer film, respectively. This makes the interface state of the magnetic
field shield portions 202 different from that of the hard magnetic portions 204 so
that the magnetic field shield portions 202 become soft magnetic regions that
exhibit substantially no perpendicular magnetic anisotropy due to interface
15 magnetic anisotropy. Therefore, according to this example, the magnetic fieid
shield portions 202 can be properly formed by ion-beam irradiation. Further, it
is possible to form the magnetic field shield portions 202 substantially only in
the continuous film layer 24 among the respective layers included in the
perpendicular magnetic recording layer 30.
20 [0070]
Fig. 2 is a top view of the continuous film layer 24 showing positions of
the magnetic field shield portions 202 and the hard magnetic portions 204. In
the figure, white portions and black portions in the hard magnetic portions 204
represent the difference in magnetization direction due to the difference in
25  information recorded in respective bits on tracks. In this example, the
magnetic field shield portions 202 are each formed in a guard band region being
a gap region between the adjacent tracks. Regions corresponding to the

tracks become the hard magnetic portions 204. By this, in the granular layer
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20, the tracks are defined by magnetic influence received from the continuous
film layer 24.

[0071]

With this configuration, the fracks are magnetically isolated from each
other by the magnetic field shield portions 202. Therefore, it is possible to
make the magnetic recording medium 10 (see Fig. 1) properly function as a
DTR medium. Further, for example, since the track edge noise is reduced by
this, it is possible to reduce the track width (Erase width) and thus to improve
the track density.

[0072]

Further, when configured in this manner, the magnetic field shield
portions 202 being the soft magnetic regions prevent a magnetic field from
extending in the direction parallel to the main surface of the substrate 12 (see
Fig. 1) between the tracks. Therefore, with this configuration, when recording
a magnetic signal on the track, it is possible to block a recording magnetic field
extending toward the outside of the track, thereby making the boundaries of the
recording magnetic field sharp. This makes it possible to property prevent the
influence of the recording magnetic field from being exerted on the adjacent
tracks. Therefore, according to this example, magnetic isolation between the
tracks can be more appropriately carried out.

[0073]

The track width L1 of the magnetic recording medium 10 is, for exampie,
100 to 200nm and preferably 135 {0 165nm. The track interval {irack pitch) L2
being a distance from the center of the track to the center of the adjacent track
is, for example, 150 to 250nm and preferably 180 to 220nm. The width L3 of
each magnetic field shield portion 202 in a track width direction is, for example,
30 to 70nm and preferably 40 to 60nm.

[0074]
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Magnetic field shield portions 202 may further be formed in regions
each located between bits {0 be recorded on the tracks. With this configuration,
it is possible to make the magnetic recording medium 10 function as a patterned
(bit-patterned) medium.

5 [0075]

Figs. 3 and 4 are graphs showing the states of changes in magnetic
properties by ion-beam irradiation on multilayer films each being the same as
the continuous film layer 24. Table 1 shows ion-beam irradiation conditions
corresponding to respective magnetic properties shown in the graphs of Figs. 3

10  and 4 and coercive forces Hc and squareness ratios S in the respective

magnetic properties.

[Table 1]

sample species dose(/cm?) energy(keV) | Hc 5

D1 Art 5.0E+15 30 38 0.07
D3 Ar 1.0E+15 30 230 1.00
D5 Ar* 5.0E+14 30 527 1.00
D7 Ar* 5.0E+15 20 57 0.12
D9 Arr 1.0E+15 20 376 1.00
D11 Ar* 5.0E+14 20 911 1.00
D13 Ar’ 5.0E+15 i0 151 0.21
D15 Ar’ 1.0E+15 10 1585 1.00
D17 Ar’ 5.0E+14 10 2337 1.00
D19 Ar” 5.0E+15 5 1028 0.86
D21 Art 1.0E+15 5 2488 1.00
D23 Art 5.0E+14 5 2993 1.00
D25 reference(no) 0 0 4275 1.00

[0076]

As seen from Tabie 1 and Figs. 3 and 4, when the ion beam dose
15 (Dose)issetto 1x1 0" 10 wa?s/cmz, the coercive force He becomes small.
This represents that a region irradiated with an ion beam is soft-magnetized.
From this result, it is seen that if regions to be irradiated with an ion beam are

set by, for example, the method described using Fig. 1 (b) or the like, it is
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possible to properly form magnetic field shield portions 202 and hard magnetic
portions 204 in a continuous film layer 24. When the ion beam dose (Dose} is
set io 5x1015/cm2, the sguareness ratio S becomes small. This represents
that a soft magnetic region having an axis of easy magnetization in an in-plane
direction parallel to a main surface of a substrate 12 is formed by ion-beam
irradiation.

[0077]

The ion beam dose (Dose) may be greater than 5x10"%cm®.  For
example, the ion beam dose (Dose} may be 1 x10" 10 5x10'%cm®.  When
forming the soft magnetic region having the axis of easy magnetization in the
in-plane direction parallel to the main surface of the substrate 12, the ion beam
dose (Dose) is preferably set 1o, for example, 5x10"* 0 5x10'¢/cm?.

[0078]

The ton irradiation energy is preferably set to 5 to 30KeV and more
preferably 10 to 30KeV. If the energy is too small, the soft magnetic region
cannot be properly formed. If the energy is too large, there is a possibility that
an ion beam passes through the layer and further exerts an influence upon a
lower layer.

[0079]

The ion-beam irradiation process may irradiate, for example, an ion
beam of phosphorus ions (P*) or the like. Alternatively, use may be made of
an ion beam of He, B, C, N, Ne, Ar, Cr, Co, Kr, Xe, Pt, or the like.

[0080]

Fig. 5 shows a second example of an ion-beam irradiation method in
the ion-beam irradiation process. In this example, the ion-beam irradiation
process uses a resist mask 44 formed by the nanoimprint technigue.

[0081]

In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist



2488 1.00 023 ' Ar+ 5.0E+14 5 2993 1.00 025 reference(no) 0 0 4275 1.00 [0076] As seen from Table
1 and Figs. 3 and 4, when the ion beam dose 15 (Dose) is set to 1 x10 5 x1015/cm2, the coercive
force Ho becomes small. This represents that a region irradiated with an ion beam is soft-magnetized.
From this result, it is seen that if regions to be irradiated with an ion beam are set by, for example, the
method described using Fig. 1 (b) or the like, it is 2930

mask 44 is formed by, for example, using a nanoimprint mold 46 to emboss a
resist film coated on a continuous film layer 24.  Then, as shown in Fig. 5 (b),
irradiation of an ion beam 42 is carried out using the resist mask 44 as a mask,
thereby forming magnetic field shield portions 202 in the continuous film layer
5 24
[0082]
After forming the magnetic field shield portions 202, as shown in Fig. 5
(c), the resist mask 44 is removed by, for example, ashing and cleaning. Also
with this configuration, the magnetic field shield portions 202 can be properly
10 formed. After the ion-beam irradiation process, as shown in Fig. 5 (d), for
example, a carbon-overcoat protective layer 26 is formed on the continuous film
layer 24 in a protective layer forming process.
[0083]
(Embodiment 2)
15 Hereinbelow, another embodiment according 1o this first invention will
be described with reference to Fig. 7.
in this example, a magnetic recording medium 10 comprises a
substrate 12, an adhesive layer 14, a soft magnetic layer 18, an underiayer 18,
a pefpe'ndicuiar magnetic recording layer 30, a protective layer 26, and a
20  iubricating layer 28 in this order. The perpendicular magnetic recording layer
30 comprises a granular layer 20 and a magnetically coupiing layer 24" (not
continuous layers but a single layer) stacked in this order.
in this example, the substrate 12, the adhesive layer 14, the soft
magnetic layer 16, the underlayer 18, the protective layer 26, and the lubricating
25 layer 28 are the same as those in the above-mentioned embodiment 1 and thus
description thereof is omitted.
[0084)

In the embodiment 2, the magnetically coupling layer forms a thin film,



possible to properly form magnetic field shield portions 202 and hard magnetic portions 204 in a
continuous film layer 24. When the ion beam dose (Dose) is set to 5x10151CM2, the squareness ratio
S becomes small. This represents that a soft magnetic region having an axis of easy magnetization in
an in-plane 5direction parallel to a main surface of a substrate 12 is formed by ion-beam irradiation.
[0077] The ion beam dose (Dose) may be greateéTthan 5x1014/CM2. For example, the ion beam
dose (Dose) may be 1 x1014 to 5 x1016/cm2. When 10forming the soft magnetic region having the
axis of easy magnetization in the in-plane direction parallel to the main surface of the substrate 12, the

ion beam dose e)is:nrefer. E@I e f ; 4 . The ion
irradiation eneré@@p%é?e‘%%l sgt%) to% %%?ﬁ%@é%r@e%ﬁ@%@é%%@ﬂ%e energy is
too small, the skfyenagmetigragicsr chusnirbexprdpenydostiedly ttpeaatoihis pefpligieutbere is a
possibility that an ion beam passes through the layer and further exerts an influence upon a lower

layer. [0079] 20TRENEHUESHHIRSIBRSPH @ AR RRGHES, behseipr maorfiibeam of
phosphorus iong,ig tﬁ&émcﬂﬁ%%@/r%xcm%aam% TPERLAR IR RRALA] Hufled N NE,

Ar, Cr, Co, Kr, Xe, Pt, or the like. [0080] Fig. 5 shows a second example of'an 1on-beam irradiation
method in 25théciomabeaht igradiatio theroaesetio thieeiagniplgsthe ion-beam irradiation process uses a

resist mask 44 formed %y the nanoimpr}n%technique.48081Lln_ this ion-beam irradiation process, as
shown "F‘ Fig. 5 (a), the gﬁgtexampie of the magnetically coupling layer, there can be cited an

alioy-based material such as CoCr, CoCrTa, CoCrPt, CoCrPtTa, or CoCrPiB.

The magnetically coupling layer preferably contains at least CoCrPt and,

if it mainly contains CoCrPY, it is possible to add high heat resistance in addition
10 o high-density recordability and low noise of the granular layer.

The magnetically coupling layer has a non-granuiar structure containing
no metal oxide or nitride at the grain boundaries (nonmagnetic grain
boundaries) of magnetic grains.

The thickness of the magnetically coupling layer is, for example, 1 to

15 10nm and preferably 2 to 9nm.

The thickness of the magnetically coupling layer is preferably half or
less of that of the granular layer and more preferably one-third or less thereof.
The lower limit of the thickness is greater than zero and is preferably set to a
value that enables the magnetically coupling layer to exhibit its function.

20 [0085)

in the embodiment 2, the granular layer is preferably a
CoCrPt-SiO,-TiO; layer.  Further, the thickness of the magnetically coupling
layer is preferably set thinner than conventional. The reasons therefor will be
described hereinbelow.

25 When the granular layer is a CoCrP1-SiOs layer, a high SN ratio cannot
be obtained uniess the thickness of the magnetically coupling layer is set to a
certain high value. However, as the thickness of the magnetically coupling

layer increases, the coercive force Hc decreases. Further, if the thickness of



30 mask 44 is formed by, for example, using a nanoimprint mold 46 to emboss a resist film coated on
a continuous film layer 24. Then, as shown in Fig. 5 (b), irradiation of an ion beam 42 is carried out
using the resist mask 44 as a mask, thereby forming magnetic field shield portions 202 in the
continuous film layer 524. [0082] After forming the magnetic field shield portions 202, as shown in
Fig. 5 (c), the resist mask 44 is removed by, for exargele, ashing and cleaning. Also with this
configuration, the magnetic field shield portions 202 can be properly 10formed. After the ion-beam
irradiation process, as shown in Fig. 5 (d), for example, a carbon-overcoat protective layer 26 is

formed on the GaRALAHS A XGRAJNANRIRHILE (L PIMGIN0GESS JRORAL trabodiment 2

15Hereinbelow, another em ent ing tothis Tirst invention will'be with reference
to Fig. 7. Iptbiseeticsnpler thenarfiretibickoestintenecingelid paspprikas(e.gubstrate 12, an adhesive
layer 14, a soft magnetic layer 16, an underlayer 18, a perpendicular magnetic recording layer 30, a

protective layer BB ARHFAISHIBYINRG 3Ty Krashalipthis BRIEMCIMREBerpendicular magnetic recording
layer 30 comprises a gigRidai iRy eRRE-ARd g ranetcaly CouPig layetied 18! eaingaus layers but

a single layer) stacked in this order. In this example, the substrate 12, the dadhesive’layer 14, the soft
magnetic ldyer g&ithzounderiayef i ghetiprotaictvie npegr2hiandaher lnbcoatng 2bdapear 28 are the

same as those in the abgve-mentioned embodiment 1 and thus description thereof is omitted. [0084]
i the ombocim B Wb EATS URER JeP /AP AR B M e ST ey, and

thus the coercive force Hc becomes higher as compared with the case where
the granuiar layer is the CoCrPt-SiO; layer.  Therefore, even if the thickness of
the magnetically coupling layer is set relatively thin as compared with

10 conventional values, a relatively high coercive force He can be obtained.

If the thickness of the magnetically coupiing layer can be made thin, it is
possible to properly carry out magnetic isolation between recording regions in
addition to the fact that the change in properties (e.g. soft magnetization) by
ion~beam irradiation is facilitated. Therefore, for example, it is possibie to

15  make the magnetic recording medium properly function as a DTR medium or a
patterned medium.

[0086]

In this example, magnetic shield portions 202 are formed in part of the
magnetically coupling layer 24". The magnetic shield portions 202 are regions

20  for magnetically isolating a plurality of recording regions from each othet, where
magnetic signals are 1o be respectively recorded, in the perpendicutar magnetic
recording layer 30. In this example, the magnetic shield portions 202 are soft
magnetic regions and are formed by, for exampie, changing the crystal structure
of the magnetically coupling layer 24" being a single-layer film by ion-beam

25 irradiation. In the magnetically coupling layer 24', regions where the magnetic
shield portions 202 are not formed serve as hard magnetic portions 204 that
exhibit perpendicular magnetic anisotropy.

[0087]



31 which exhibits perpendicular magnetic anisotropy, on the magnetic recording layer with a granular
structure and is magnetically coupled to the perpendicular magnetic recording layer by exchange
interaction between the magnetic recording layer and the magnetically coupling layer that is
magnetically coupled 5to magnetic grains in the magnetic recording layer. As an example of the
magnetically coupling layer, there can be cited an allgy-based material such as CoCr, CoCrTa,
CoCrPt, CoCrPtTa, or CoCrPtB. The magnetically coupling layer preferably contains at least
CoCrPt and, if it mainly contains CoCrPt, it is possible to add high heat resistance in addition 10to

high-density recordabimgmgwmtﬂ&%@@%ﬁ Y& magngﬁ%,g?@ﬁeﬁ&ﬁﬂﬂ}%%@”ng layer has

a non-granular structure containing no metal oxide or nitride at the grain boundaries (nonmagnetic
grain boundariesiddhmbhgribtimgraitic portions 2DHethitek meagretittadyncagpdiigddyarddglimg layer is, for

le, 1to 151 d ferably 2 to 9nm. . The thi fth ticall ling |
o proferably haiP SRR B oG ) ARG ETERASNE R RCI R GRS thereof The
lower limit of thepigkaess imedeatRRRbErRIB NS BreRIARbY S5t 40dcuplRythgienables the

magnetically coupling layer to exhibit its function. 20[0085] In the embodiment 2, the granular
layer is préferaf§ijirQdTePESSiERA R MyeeaFutiasiatie thiekesss of ted eaatfhegidangtcoupling layer

is preferably seftoghi?nner }ggélsgcgn\éen}ional. T, S, 1easons thereL(i)rr gl QF‘ es;%i eéj hereinbelow.
25When the granmarquer 152 CoEIBTSn? layer, aghlgengé?\Pra lo cannot be obtained unless the

thickness of thermgasnelishbotpuptingayesiseet fesd.eadaiybiofB\uddoayvaraheas the thickness of

the magnetically coupling layer increases, the coercive force Hc decreases. Further, if the thickness of
32 the magnetiBGNEHGRIN GILPERS BRI Lirfe BiRaS havRisBlmDRinthareltH [Ricriiés over the
entire thicknes,%(gez(?ﬁl‘@@1 gr_in properties (e.g. soft magnetization) by ion-beam irradiation is hard to
occur. In contrast, when the granular layer is the CoCrPt-Si02-T102 layer, the 5grain boundaries of
magnetic gains in the [ag8ilar layer become clearer as compared with the case where the granular
layer is the CoCrPt-Si02 layer, and thus the coercive force Hc becomes higher as compared with the

case where the gra}nulgﬂ%ﬁ?‘ﬁ%@ @’&@Wt@i@@%.‘%%@ SR DRI he
magnetically cqupling ALt agheIRtNE R INIRS SUPBA SR Y4B ims the magnetic shield

portions 202 by soft-magnetizing regions irradiated with the ion beam.
Regions not irradiated with the ion beam are left remaining as the hard
15  magnetic portions 204. By this, the ion-beam irradiation process forms the
magnetic shield portions 202 and the hard magnetic portions 204 in the
magnetically coupling iayer 24"
[0089]
| Fig. 1 (b} shows a first example of an ion-beam irradiation method. In
20  this example, the ion-beam irradiation process uses a silicon stencii mask 40 to
set regions, to be irradiated with an ion beam 42, on the magnetically coupling
layer 24. Then, the magnetic shield portions 202 are formed by irradiating the
ion beam 42 on those regions.  With this configuration, it is possibie to
accurately set the regions to be irradiated with the ion beam 42. Therefore,
25  according to this example, the magnetic shieid portions 202 can be properly
formed with high accuracy.
[0090]

Herein, the ion-beam irradiation process forms the magnetic shield



10conventional values, a relatively high coercive force Hc can be obtained. If the thickness of the
magnetically coupling layer can be made thin, it is possible to properly carry out magnetic isolation
between recording regions in addition to the fact that the change in properties (e.g. soft magnetization)
by ion-beam irradiation is facilitated. Therefore, for example, it is possible to 15 make the magnetic
recording medium properly function as a DTR mediug or a patterned medium. [0086] In this
example, magnetic shield portions 202 are formed in part of the magnetically coupling layer 24'. The
magnetic shield portions 202 are regions 20 for magnetically isolating a plurality of recording regions

e e potiisie 29a08eHa SonARAED bR RSN Iesaldadi e BRBeIl ™

magnetic recording layer 30. In this exam e magnet portions are soft magnetic
regions and arevfoforezkényolier exangirhe, tbbaomgsta Hhesciystadistigotugrefitaiymagpdhigalysaoupling
layer 24' being a single-layer film bé ilon-beam 25irradiation. In the magnetically coupling layer 24,

regions where the HABRERC QLIRS 185 RE3B44re MBLREHFR G iRaM HAGHRIR portions 204
that exhibit per 'gglﬁ{égﬂgﬂg%%@ﬂ%@@s;{%&@gns oddelgipelew.dhemethod of forming the

magnetic shield portions 202 and the hard magnetic portions 204 of the magnetically coupling layer 24
will be deséribepeiménditetatatsfnatih rsexaingl&ybe3hagneticishidie poatioss 222 dhd hard
magnetic portions 204 ariiég[med by a record%'%ggl er 5 forming process and an ion-beam irradiation

process. The rB5IRGEYER RoRAHRY T s IR 4 P98 FHARRHS BFARETLPTayel ™ and the

magnetically cogRlinsaiavpradhiRrepieuodesiayasi) fand m@nﬁag[ﬁéh@ mmg@eﬁauscge@"ng layer
24', a single-layer film being a CoCrPt layer or a CoCrPtB layer. 10[0088] he ion-beam

irradiation proc&&¥iRgApravesy ebryatirgiM zal whibeanopie hfetiiompgiadiet ity cosipling layer 24'
and _forms th(_e rgagngti%ts hieI(s:siJ%oS%i ns, 502 ftl-ma%petizin. regions irradia ed_ with t_he ion beam.
Regions not wraéllla eg wit ?he on %eam armﬁﬁé%%?m}%u 5%“%1%’ ﬁé?ao 28 8#%%%8rtlons 204. By
this, the ionrbeasppirspeliatignapeceseteimadhadnaanstisighisle manions2iroaishtharapsdigragnetic
portions 204 in the magnetically coupling layer 24'. [0089]
the main surface of the substrate 12 by the magnetic shield portions 202.
[0091]
In this example, the magnetically coupling layer 24 is the single-layer
film being the CoCrPt layer or the CoCrPiB layer. This single-layer fiim
15 exhibits perpendicular magnetic anisotropy due to interface magnetic anisotropy.
The ion-beam irradiation process forms the magnetic shield portions 202 by
irradiating the ion beam 42 on this single-layer film to form an alloy of metals
contained in the single-layer film. This makes the interface state of the
magnetic shield portions 202 different from that of the hard magnetic portions
20 204 being the regions not irradiated with the ion beam so that the magnetic
shield portions 202 become soft magnetic regions that exhibit substantially no
perpendicular magnetic anisotropy due to interface magnetic anisotropy.
Therefore, according to this example, the magnetic shield portions 202 can be
properly formed by ion-beam irradiation. Further, it is possible to form the
25  magnetic shield portions 202 substantially only in the magnetically coupling
layer 24’ of the respective layers included in the perpendicuiar magnetic
recording layer 30.

[0092]



Fig. 1 (b) shows a first example of an ion-beam irradiation method. In 20this example, the ion-beam
irradiation process uses a silicon stencil mask 40 to set regions, to be irradiated with an ion beam 42,
on the magnetically coupling layer 24. Then, the magnetic shield portions 202 are formed by irradiating
the ion beam 42 on those regions. With this configuration, it is possible to accurately set the regions to
be irradiated with the ion beam 42. Therefore, 25accgyding to this example, the magnetic shield
portions 202 can be properly formed with high accuracy. [0090] Herein, the ion-beam irradiation
process forms the magnetic shield 34 portions 202, being soft magnetic, in the regions irradiated with

the ion beam 42 by, for gxamnrlenfbRRa g SRNSRbSIVCHERIAkEIFIRRBRS GAl foupling layer 24

by the energy of the ion beam 42. In this case, the ion-beam irradiation process may form the
magnetic shieldragnasitsspiEicspaitiatth2Ghtiyectpeiretidicolariatsgsiatie obtwrdnagteiea®d combining

the granular layer 20 and the magnetically caupling.layer 24 exhibits the soft magnetic properties. The
ion-beam irradi%?fé?ﬁng%gé%}e rioly ér?%é?%'lg neﬂzél@n? 8r{fbﬁge£@§%§{ﬁ% an axis of easy

magnetization igealrieRiAREHERIBPBEANR IS MRiSss WiassQidhaispstraieigmpihithis
configuration, it is possible to more 10appropriately block a recording magnetic field extending in a
direction paralléegebechriigisariaesleiar hsoaegreticaty tapiagrayer ety pottiorse2. [0091]

In this example thE ma

etically coupling layer 24 is the single-layer film being the CoCrPt layer or
the CoCrPtB |a§5‘e’?. IS s?fﬁé?g-}rayc(ﬁjé)rr% %ﬁeéﬁ?&{g‘ﬁg etﬁ ' gt?f Pﬁa?gh%g}gﬁa%gfo%)‘gae to interface
magnetic anisoggraynd e 2k erMisisshatie e eresddmaitivhmagretissehieldpegions 202 by

irradiating the ion beam 42 on this single-layer film to form an alloy of metals contained in the
single-layer filniNifidsfdkE S RERIRRRESIRECONRAS PRGRIEISRRIPYGIBRaDetegiBabnt from that

of th hard magnetis ARUNS 20204 bSIG R ISR AL HIEHIEISH N he o bea so hat the

magnetic shield portions ecome soft magnetic regionstha stan%alﬁﬂ‘n’o perpendicular
magnetic ehisoToigytie@dotiptesditte wagoetinsnirpinopy hagreficaseosaifigrie s example, the

magnetic shield portiorigo%}%% can be
Further, the magnetic shield portions 202, being soft magnetic, can be
formed with a smaller ion beam dose as compared with, for example,
nonmagnetic regions. Therefore, according to this example, the magnetic
15  shield portions 202 can be formed with a smaller ion beam dose. This makes
it possible to form the magnetic shield portions 202 with higher accuracy.
{0094}
Fig. 5 shows a second example of an ion-beam irradiation method in
the ion-beam irradiation process. In this example, the ion-beam irradiation
20  process uses a resist mask 44 formed by the nanoimprint technigue.
[0095]
in this ion-beam irradiation process, as shown in Fig. 5 (a), the resist
mask 44 is formed by, for example, using a nanoimprint mold 46 to emboss a
resist film coated on a magnetically coupling layer 24. Then, as shown in Fig.
25 5 (b), irradiation of an ion beam 42 is carried out using the resist mask 44 as a
mask, thereby forming magnetic shield portions 202 in the magneticaliy
coupling layer 24.
[0096]



properly formed by ion-beam irradiation. Further, it is possible to form the 25magnetic shield portions
202 substantially only in the magnetically coupling layer 24' of the respective layers included in the
perpendicular magnetic recording layer 30. [0092] 35 Herein, in this example, the ion-beam
irradiation process forms the magnetic shield portions 202 by changing the interface state of the
magnetically coupling layer 24 by ion-beam irradiatiog}. This change in interface state occurs with a
smaller ion beam dose (Dose) as compared with, for example, the 5case of changing the state of the
magnetically coupling layer 24' over the entire thickness thereof. Therefore, according to this example,

the magnetic shield poj ) %%%%@fﬁ%?l?ﬁfé\‘u&ﬁ%ﬁ M@tﬁe@sé' %Iéimlpﬁﬁ?e] %%EELEW ner, in this

case, for example, since it becomes possible to narrow a range atfected byt eam,’ion-beam
irradiation can Ikxgredt@sned with higher accuracy. 10This makes it possible to accurately form the
magnetic shield portions. 202. QOiS] Further, the magnetic shield portions 202, being soft
magnetic, can be formé XRAMPE drhaller ion beam dose as compared with, for example, nonmagnetic

regions, Therefore, acagegifc SR SXRATRIR IBfrTALRAsE AR Shirld AuinasAnZ pans formed with

a smaller ion beam dose. This makes it possible to form the magnetic shield portions 202 with higher
accuracy. [0094pft magigetk-dapevs & sextrrtheddmpdsiad aceion-be atyinradsitiaengithed in the

ion-beam irradiation process. In this example, the iorBBeam irradiation 20 Process uses a resist mask
44 formed bytﬁé’%%’}%ﬁ‘n I 30 AR TesPhere by a magnetron sputtering method. In

this event, the adhesive layer 14 is formed using a CrTi target so as to be a CrTi
layer with a thickness of 10nm. The soft magnetic layer 16 is formed using a
CoTaZr target so as to be an amorphous CoTaZr layer with a total thickness of
16 50nm. For controliing magnetic domains, the soft magnetic layer 16 has a
two-layer structure with a Ru layer with a thickness of 0.9nm interposed
therebetween.
[0097]
After forming the soft magnetic layer 16, continuousily, a Ta layer
15 (thickness 3nm) serving as a first orientation control layer and Ru layers
{thickness 20nm) serving as a second orientation control layer and an isolation
promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC
magnetron sputtering method. Then, a granular layer 20 having a thickness of
9nm and containing magnetic grains 102 with an hcp crysial structure is formed
20 using a hard magnetic target made of CoCrPt-SiOs.
[0098]
Further, using a low-pressure Ar gas as a sputtering gas, a Pd layer
(thickness 0.8nm) is formed as a coupling control layer 22 and [CoCr/Pd]3
layers are formed as a continuous film tayer 24. The thickness of each CoCr
25 layeris setto 0.4nm and the thickness of each Pd layer is set to 0.9nm. The
thickness of the continuous film layer 24 in which the CoCr layers and the Pd
layers are alternately laminated by three layers for each is 4nm (3.9 to 4nm).
[0099]



[0095] In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist mask 44 is formed by,
for example, using a nanoimprint mold 46 to emboss a resist film coated on a magnetically coupling
layer 24. Then, as shown in Fig. 255 (b), irradiation of an ion beam 42 is carried out using the resist
mask 44 as a mask, thereby forming magnetic shield portions 202 in the magnetically coupling layer
24.[0096] 36 Hereinbelow, this first invention wil,be described in further detail using Examples.
(Example 1) Using an evacuated film forming apparatus, an adhesive layer 14 and a 5soft magnetic
layer 16 are formed in sequence on an aluminosilicate glass substrate 12 in an Ar atmosphere by a
DC magnetron sputterifg mg%l@é@g&&gﬂtiﬁg @Qheég&j%é&ﬁj&fg%%gw%g a CrTi target so
as to be a CrTi layer with a thickness of 10nm. The soft'magnetic layer 16 is formed using a CoTaZr
target so as to BéleeMamuoratiates ©o eadveldiver (oithedtoith tthekagss aplidSbemoforuargrolling
magnetic domajns, the soft maﬁéleetic Iay@r 16 gas a two-lay%%structur with @Ru layer with a

n

thickness of 0.9HM YBF53s 45 T HERESIATH A ARHRIGERSHESIRE Eigtt 5¥er 16,
continuously, afbadaemhaibicknags Brm)ssandng seadirdgirniuiRR &onEekyehans Ru layers

(thickness 20nm) serving as a second orientation control layer and an isglation promoting layer are
formed as &n uitdelager irggittios . Ahaiciobphsrsdsetirese CorfaghbiremSputidényidietivod. Then, a

granular layer 20 having, a thickness .of 9nm and containing magnetic grains 1 ith_an hcp crystal
structure is forrirgg% 't qrgé]p %CHSPd %SSEE?,S%‘[? eﬂ%%%ee“ ff@l éé]iaﬁgﬁ'a 'S %nm.
The track width is 150nm and the track interval is 200nm.
[0100]

Then, using a mixed gas containing Ar and 30% hydrogen and using a

10 carbon target as a sputtering target, a protective layer 26 made of hydrogenated
carbon {hydrogenated carbon) is formed. Since the film hardness is improved
by the use of the hydrogenated carbon, it is possible to properly protect the
perpendicular magnetic recording layer 30 against an impact from a head.
Thereafter, a iubricating layer 28 made of PFPE (perfiuoropolyether) is formed

15 by a dip coating methed. The thickness of the lubricating layer 28 is 1nm. In
this manner, a magnetic recording medium 10 according to Example 1 is
fabricated.

[0101]
(Comparative Examlgla.l‘é 1)

20 A magnetic recording medium according to Comparative Example 1 is
fabricated in the same manner as in Example 1 except that the coupling controf
layer 22 and the continuous film layer 24 are not formed. The magnetic
recording medium according to Comparative Example 1 is a granular medium.
The granufar medium is a magnetic recording medium in which a perpendicular

25  magnetic recording layer is formed only by a magnetic layer that is the same as
or similar to the granular layer 20. In this granular medium, the thickness of
the granular layer is 30nm.

[0102]



Further, using a low-pressure Ar gas as a sputtering gas, a Pd layer (thickness 0.8nm) is formed as a
coupling control layer 22 and [CoCr/Pd]3 layers are formed as a continuous film layer 24. The
thickness of each CoCr 25 layer is set to 0.4nm and the thickness of each Pd layer is set to 0.9nm.
The thickness of the continuous film layer 24 in which the CoCr layers and the Pd layers are
alternately laminated by three layers for each is 4nm {3.9 to 4nm). [0099] 37 An ion beam 42 of
argon ions (Art) accelerated with an energy of 30KeV'is irradiated on a medium formed with the layers
up to the continuous film layer 24, using a stencil mask 40 as described using Fig. 1 (b), thereby

forming magnetic field {:}_i ‘J%) j in.regions between tracks. In this 5 ion-beam irradiation,
the ion beam dose is sz 'éa) )&Bféqgé_]l%%ﬁ?ﬁ%#ﬁes gvidth, in a track width direction, of each formed

magnetic field shield poxtinageRids&dinang hectireh widdhdngaemempe-thrdrasiigenalgs 200nm.
[0100] Then, using a mixed gas containing Ar and 30% hydrogen and using a 10carbon target as a

sputtering targd@AIFRRECIVESSRINS S RARRY 8FHYdRSEBREct DEORITAY e Graaneticdiglbn) is
formed. Since the.fj : IS he it sible to
properly protectg tﬁ%@éﬁ?ﬁ%@%ﬁg de%%{%e/ﬁg rrpe(%:%rdiﬁj%ﬁ/%%%nggé%%sﬁ&ﬁﬁ%%gi%%cr%&jﬁﬁgd.
Thereafter 5 lutyiCatimgaiayee Iamnaple ofif &R (D entidanopplyelted)vstiainachdodycdidip coating
method. The thickness of the lubricating layer 28 is Inm. In this manner, a magnetic recording medium

10 according toSEEIARREIORS 2RI N RIS 1 BIRFERAS L AR RUREIRNY O] FaGnetic recording

medium accordipgde,pmparative Example 1 is fabricated in the same manner as in Example 1
except that the coupling control
{0103]

(Evaluation)

10 Fig. 6 shows the simulation resuits of recording patterns of information
recorded in the magnetic recording media according to Comparative Examples
tand 2. Fig. 6 (a) shows the recording pattern in the granular medium being
the magnetic recording medium according to Comparative Exampie 1.

[0104]

15 in the granular medium, since a continuous film layer is not provided,
the thermal stability of recorded signals is lowered as compared with, for
example, a CGC medium or the like. Therefore, in a recording track,
magnetization of regions indicative of respecitive bits of the recording pattern is
partially reversed due to a thermal fluctuation phenomenon or the like. Such

20  reversal of the magnetization has a possibility of causing loss of recorded
information and thus becomes an obstacle to an increase in recording density.
Therefore, with the granutar medium, it is difficult to realize a recording density,
for example, exceeding 200Gbits per square inch,

[0105]

25 Fig. 6 (b) shows the recording pattern in the conventional type CGC
medium being the magnetic recording medium according to Comparative
Exampie 2. In the conventional type CGC medium, the thermal stability of

recorded signals can be improved by pinning (Pinning) magnetization of a



layer 22 and the continuous film layer 24 are not formed. The magnetic recording medium according to
Comparative Example 1 is a granular medium. The granular medium is a magnetic recording medium
in which a perpendicular 25magnetic recording layer is formed only by a magnetic layer that is the
same as or similar to the granular layer 20. In this granular medium, the thickness of the granular layer
is 30nm. [0102] 38 (Comparative Example 2) A351agnetic recording medium according to
Comparative Example 2 is fabricated in the same manner as in Example 1 except that the magnetic
field shield portions 202 are not formed. The magnetic recording medium according 5 to Comparative

Example 2 is a GGEaRedidm, Roxidash i[ip o] 9{1 %i [ Ig i ion einafter referred
toasa convent(l%’nal type CGC rgedlum?( Ozir%?ﬁ“(? v:a ua%tflfo% 'Poﬂ%jr ?géngrﬁ'lge?eéﬁn%lation results of
recording patteragen@hformatosatiztandedaridhetheagree fic cacatidmghemesiveacoondithg tik€iemparative
Examples 1 and 2. Fig. 6 (a) shows the recording pattern in the granular medium beir&ghthe magnetic

recording meditif AL GRAHGARCBUSIRRIRRERERE M HSAS Ty 1D 2D EBIRARS GRAPRALIMIILIRE since a

continuous filmavienis potprpyided, the thermal stability of recorded signals is lowered as compared
with, for example, a CGC medium or the like. Therefore, in a recording track, magnetization of regions
indicative df respective[Bit86&]f the recording pattern is partially reversed due to a thermal fluctuation

ecorded mformation aHP IR bt AN CERRS dr o RSRE T PEeBrdFes e R ehercore,
with the granulas mggisene itdsditificy felnosalizea trc dingignsity faa@yimaiaogxceeding 2000bits
per square inch. [0105] 25Fig. 6 (b) shows the recording pattern in the conventional type CGC
becomes very difficult due to the provision of the continuous film layer. As a
result, for example, gray regions where the value of a recorded signal takes a
10 value between 0 and 1 extend in the track width direction and thus it is difficult
o reduce track edge noise.

[0107]

This is because the continuous film layer being an auxiliary magnetic
layer serving an auxiliary role for the granular layer being a main recording layer

15 {main recording layer) has a magnetically coupling force in a direction parallel to
the main surface of the substraie and thus a recording region extends as seen
from a head. Those portions extending with respect to the recording region
are gray regions and, if these regions are large, the track width is assumed to
be wide.

20 [0108]

For example, in the case shown in Fig. 6 (b}, the recording pattern is
formed wherein gray regions extend outside the width of a recording track
indicated by a rectangle 50. Such gray regions become a source of track edge
noise generation. Therefore, in the conventional type CGC medium, when, for

25 example, realizing a recording density exceeding 200Gbits per square inch, the
SN ratio decreases so that it is difficult to properly improve the track density.

[0109]

in contrast, in the magnetic recording medium 10 according to Example



medium being the magnetic recording medium according to Comparative Example 2. In the
conventional type CGC medium, the thermal stability of recorded signals can be improved by pinning
(Pinning) magnetization of a 39 continuous film layer using magnetization of a granular layer.
Therefore, reversal of magnetization due to a thermal fluctuation phenomenon or the like is hard to
occur and thus the increase in density is enabled asgpmpared with the granular medium. 5[0106]
However, in the conventional type CGC medium or the like, the control of magnetic recording regions
in the track width (Erase width) direction becomes very difficult due to the provision of the continuous

film layer. As atesyificlonianammPs @i TR WhRiRdBSYale Che eetitrrsiosaliakes a 10value

between 0 and 1 extend in the track width direction and thus it is difficult to reduce track edge noise.
[0107] Thigoiparesuséithioceramotudfirmegretisciagoadag xikiymagnetitiigyer serving an

il le for.th lag layer bei ' ding layer 15(mai di ) h
agneqcally St TR RICE A BEon! VAIaTertl (e M ERrGL oD S Ake S s a
recording regiopopieRdBmASHREN fsemdinianfhabiiese BRIHANSEXeAsING WilhEemnees tadbr recording

region are gray regions and, if these regions are large, the track width is assumed to be wide. 20[0108]

For examp‘fk_a, i@ﬂ@@é&%ﬁ@@ﬂﬁ@ﬁig‘ﬂ@(@ﬂﬂi@gé@ﬁﬁ%@“ﬁ&t&ﬁﬂ% dbifretianhetfaregiay regions
extend outsice 12 Vidkh of  recorsing acicdicated by 8/ecangls 50, SUgh gy regions become a

r o
source of track egg e genera refore,’ in the conventional type medlun’?f when, for

25example, realizing Exaeqsiing densdysineasding/2a0gRis reglcstUAbeniastsibRSbLake decreases
so that it is difficult to properly improve the track density. [0109] In contrast, in the magnetic recording

medium 10 acd8RIFRFEMESEmple
10110]

10 Therefore, the track edge noise can be reduced as compared with, for
example, the magnetic recording medium according to Comparative Example 2.
For example, in the magnetic recording medium 10 according to Example 1, the
SN ratio is improved by about 1.0 to 3.5dB as compared with the magnetic
recording medium according to Comparative Example 2. This makes it

15 possible to realize, for example, a recording density exceeding 200Gbits per
square inch and, turther, a recording density exceeding 500Gbits per square
inch.

[0111]
(Example 2)

20 Using an evacuated film forming apparatus, an adhesive layer 14 and a
soft magnetic layer 16 are formed in seguence on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method (see
Fig. 7). In this event, the adhesive layer 14 is formed using a CrTi target so as
to be a CrTi layer with a thickness of 10nm. The soft magnetic layer 16 is

25 formed using a CoTaZr target so as to be an amorphous CoTaZr layer with a
total thickness of 50nm. For controlling magnetic domains, the soft magnetic
layer 16 has a two-layer structure with a Ru layer with a thickness of 0.9nm

interposed therebetween.



40 1, sufficient thermal stability can be obtained by the CGC medium structure as compared with, for
example, the magnetic recording medium according to Comparative Example 1. Further, by the
formation of the magnetic field shield portions 202, when recording a magnetic signal on a track, it is
possible to block 5a recording magnetic field extending toward the outside of the track, thereby
preventing the recording magnetic field from extendipg outside the track. By this, in Example 1, itis
possible to prevent gray regions from extending outside the track width. [0110] 10Therefore, the track
edge noise can be reduced as compared with, for example, the magnetic recording medium according
to Comparative Examq@@g or example, in the magnetic recording medium 10 according to Example
1, the SN ratio is improved by about 1.0 to 3.5dB as compared with the magnetic recording medium
according to ComparathiéeEiamipig theTd0l magestic 1ageuoSilsentonealihe ddadagenple, a recording

density exceed] 000bits per square inch.and, further, a recording density exceeding 5000bits per
square inch. [Oégquj’z(ﬂ:eférém%?f) U%iﬂﬁad f b%ﬁ%ﬁ%‘é‘jﬁ‘lﬁ%‘mﬁfﬂf rp?)%%%&s%ﬁrﬁdhesive layer 14
and a soft magnafikRxer AmhaesErmethin S8866Re e Ehattiah BURESIIERE? atrsarsIdoriie 12 in an Ar
atmosphere by a DC magnetron sputtering method (see Fig. 7). In this event, the adhesive layer 14 is

formed usifg afCPTalRgde wer fsadBBadRT playeceikyaniiBknéas df ponasphReedofttheaghetic layer

16 is 25 formed usin aCoTa%r tar et%)%s tq.Re an amorqhoFsC T rle}]yer ith a total thickness
o S e e R R s B R R N B Sire with

of 50nm. For cé?l%%q ngm gneetlc omains, the St ranggne tots

Ru layer with aghigkiiesssiiQianag inigrrasaegdherebetweemn 4t1QHeh strubftes fermingihe soft

magnetic layer 16, continuously, a To layer (thickness 3nm) serving as a first orientation control layer

and Ru layers (§iBRre58 20RRINSEIGiai0et Bade 6h&ereERtRistz-control layer and an isolation
[0113]

10 Further, using a CoCrPt target or a CoCrPtB target and using a
low-pressure Ar gas as a sputtering gas, a CoCrPt layer (thickness 7nm) or a
CoCrPtB layer (thickness 7nm) is formed as a magnetically coupling layer 24",

[0114]
An ion beam 42 of argon ions (Ar') accelerated with an energy of

15 30KeV is irradiated on a medium formed with the layers up to the magnetically
coupling layer 24', using a resist mask 44 formed by the nanoimprint technique
as described using Fig. 5 {a), thereby forming magnetic field shield portions 202
in regions between iracks. In this ion-beam irradiation, the ion beam dose is
set 10 5x10'%em®.  The width, in a track width direction, of each formed

20  magnetic field shield poriion 202 is 50nm. The track width is 150nm and the
track interval is 200nm.

[0115]
Then, using a mixed gas containing Ar and 30% hydrogen and using a
carbon target as a sputtering target, a protective layer 26 made of hydrogenated

25 carbon (hydrogenated carbon) is formed. Since the film hardness is improved
by the use of the hydrogenated carbon, it is possibie 1o properly protect the
perpendicular magnetic recording layer 30 against an impact from a head.

Thereafier, a iubricating layer 28 made of PFPE (perfluoropolyether) is formed



5 promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC magnetron
sputtering method. Then, a granular layer 20 having a thickness of 9nm and containing magnetic
grains 102 with an hcp crystal structure is formed using a hard magnetic target made of CoCrPt-Si02-
[0113] 10Further, using a CoCrPt target or a CoCrPtB target and using a low-pressure Ar gas as a
sputtering gas, a CoCrPt layer (thickness 7nm) or a £0CrPtB layer (thickness 7nm) is formed as a
magnetically coupling layer 24. [0114] An ion beam 42 of argon ions (A() accelerated with an energy of
15 30KeV is irradiated on a medium formed with the layers up to the magnetically coupling layer 24,

using a resist ragskdift fpNRg MethsnaneiBmitieshBiaue %ﬂ@ﬁﬁﬁﬁ%ﬁ'ﬁmiE'%é.,(a)mt,he_reby
forming magnetic field shield portions 202 in regions between tracks. In this ion-beam irradiation, the
ion beam doseliisatanrex1d p5igmeticrigsadting, meditackOndgto tiregtio i xehazient fsrmed 20magnetic
field shield por{?%)n 202 is 50nm. The track width is 150nm and the track interval is 200nm. [0115]
Then, using a 988{%@ containing Ar and 30% hydrogen and using a carbon target as a sputtering
target, a protective laygg4g&made of hydrogenated 25 carbon (hydrogenated carbon) is formed. Since
the film hardness is improved by the use of the hydrogenated carbon, it is possible to properly protect
the perpendicular magffefitRecatim& rapar'8Gagainst an impact from a head. Thereafter, a lubricating

ayer 28 made of PFPE, herflugropolvethen s fpimed. 42 A dip coang melhed, Tha foickness of

the lubricating layer 28 is Inm. Tnthis manfier, a magnetic recording Satim 10 accor ing to Example

1 is fabricated. fdrikeS4Gotparatiecrimiaples 3) Exambl@aonelipreserehaomageata fasigording to
Comparative Example 3 is fabricated in the same manner as in Example 2 except that the magnetic
field shield portfYRI2P2rHPEHEP PRSP I THO(Evaluation)  In the magnetic recording medium
10 according to Examp(@@ﬂoy the formation of the magnetic field shield portions 202, when recording
a magnetic

10 (Evaluation)

in the magnetic recording medium 10 according to Example 2, by the
formation of the magnetic field shield portions 202, when recording a magnetic
signal on a track, it is possible to block a recording magnetic field extending
toward the outside of the track, thereby preventing the recording magnetic field
15 from extending outside the track. By this, in Example 2, it is possible to
prevent gray regions from exiending outside the track width.
[0118]
Therefore, the track edge noise can be reduced as compared with, for
example, the magnetic recording medium according to Comparative Example 3.
20  For example, in the magnetic recording medium 10 according to Example 2, the
SN ratio is improved by about 1.0 fo 3.5dB as compared with the magnetic
recording medium according to Comparative Example 3. This makes it
possible to realize, for example, a recording density exceeding 200Gbits per
square inch and, further, a recording density exceeding 500Gbits per square
25 inch.
[0119]
Next, the second invention will be described.

[Disclosure of the invention about the Second Invention]



signal on a track, it is possible to block a recording magnetic field extending toward the outside of the
track, thereby preventing the recording magnetic field 15from extending outside the track. By this, in
Example 2, it is possible to prevent gray regions from extending outside the track width. [0118]
Therefore, the track edge noise can be reduced as compared with, for example, the magnetic
recording medium according to Comparative Examplg,3. 20 For example, in the magnetic recording
medium 10 according to Example 2, the SN ratio is improved by about 1.0 to 3.5dB as compared with
the magnetic recording medium according to Comparative Example 3. This makes it possible to

realize, for exarfm%léﬁ 8%‘9iggIg&ﬁ]%gy&%ﬁﬁﬁ%ggfg%@(iﬁﬁgr&%g?’%% d, further, a recording

density exceeding 500Gbits per squar e second invention will be described.
[Disclosure of the Invef@it@0dbout the Second Invention] 43 [Problem to be Solved by the Invention
about the Second Invention] [0120] As described_above, in a DTR medium, a patterned medium, or

the like, as the track detSRFTEREEERR ik bF mib‘l'&icﬂﬂ%ﬁ%ﬂ%mqwa%ttgaigff*?betw_een
tracks decreases (HBGTEIR"Be/RAPIALARIS-LIAD (AUMING 2rOROMMEN ndie. AR dhesplation region by

a mechanical method, the ratio ot the depth to the width (aspect ratio) becomes so large that accurate
processingSof thiegswldidwaegivadisaiememddticuHeEXe] Odadiagibis wheadooumiy the inventors of
s apcation TR 55 e RTHRG b RSIay R TS EAT AR i e o e
magnetic
the depth to the width (aspect ratio) becomes so large that accurate processing
of the isolation region becomes difficult.
[0121]
10 Taking this into account, the inventors of this application have made
studies on forming an isolation region by irradiating an ion beam on a magnetic
recording layer to change the magnetic properties in a region of part of the
magnetic recording layer, i.e. not by a mechanical method such as formation of
a groove. The region to be irradiated with an ion beam is set using, for
15 example, a stencil mask or a resist mask formed by the nanoimprint technigue.
According to this method, it is possible {0 accurately set the region to be
irradiated with an ion beam. Therefore, even if the track density is high, the
isolation region can be accurately formed as compared with, for example, the
case of forming an isolation region such as a groove.
20 [0122]
Even in the case of forming the isolation region by ion-beam irradiation,
however, if the reguired ion beam dose (Dose) becomes large, there is a
possibility that, for example, a region affected by ion-beam irradiation spreads
and thus it becomes difficult to accurately form the isolation region. Therefore,
25  when forming the isolation region by ion-beam irradiation, it is desirable to form
the isolation region with a smaller ion beam dose.

[0123]

It is therefore an object of this invention to provide a magnetic recording



recording layer to change the magnetic properties in a region of part of the magnetic recording layer,
i.e. not by a mechanical method such as formation of a groove. The region to be irradiated with an ion
beam is set using, for 15example, a stencil mask or a resist mask formed by the nanoimprint
technique. According to this method, it is possible to accurately set the region to be irradiated with an
ion beam. Therefore, even if the track density is high, the isolation region can be accurately formed as
compared with, for example, the case of forming an isolation region such as a groove. 20[0122] Even
in the case of forming the isolation region by ion-beam irradiation, however, if the required ion beam

dose (Dose) be I N i L+'[ t f a a reqgion affected by ion-beam
irradiation spregl(%s%aﬁn ?ﬁ%@lt %@é’fﬁ@%ﬁﬁé %%@iﬁ?ﬁé %%? %rf]egié%o é@%ﬂ’r‘é"é@ﬂ. Rerefore,
25when formingdhe: iswlatttivsegiontibyedphgaemigradiation, it is desirable to form the isolation region
with a smaller ion beam dose. [0123] It is therefore an object of this invention to provide a magnetic

recording 44 medium rﬁ%ﬁd‘iacturing method and a magnetic recording medium, which can solve the

above-mentioned pmblﬁg@eég;'igéb%ﬁ&%ﬁ%&%?@ﬁﬂg&%@@f@ﬂ%yﬁ% ﬁmgém%gfgnanufacturing

a 5 DTR medium, there is also known the metho implementing Ag 1ons Intd’ a thin film
having a preédeteiffRimesttom posieds e keogvrPiie nidiuniioidot )y imibismeatigdig ipagion where no
Ag ions are implemented serves as a portion havi%a smaller coercive force. However, in this case,

since a region WHEr2 B IS YR BISRRIRIE BRI SEISE 6356 r8floh AeMRGHIERAltion 10dose

Gl Y o O o P ) L s
ion beam dose.fMiéambduing@vinmgtiee theisiemfatmeut tHovdaeemih iniectien)] §i@b4 region
where Ag ions are implemented serves as a recording region, if the implantation

10 dose is reduced, there is a possibility that variation in magnetic properties in the
recording region increases. Therefore, according to the method of Patent
Document 2, it is considered to be difficult to reduce the ion beam dose.
[Means for Solving the Problem about the Second Invention]

[0125]

15 The inventors of this application have made intensive studies on a
structure suitable for forming an isolation region with a smaller ion beam dose.
Then, they have found that, for example, in the case of an isolation region of a
soft magnetic region, it can be formed with a smaller ion beam dose as
compared with a nonmagnetic isolation region. Further, they have found that,

20  in the case of forming either a soft magnetic isolation region or a nonmagnetic
isolation region, if a magnetic layer exhibits perpendicular magnetic anisotropy
due to interface magnetic anisotropy, the isolation region can be formed with a
smaller ion beam dose by changing the state of the interface with ion-beam
irradiation.  This second invention has the following configurations.

25 [0126]

{Configuration 13)
A magnetic recording medium manufacturing method comprising:

a recording layer forming step of forming a magnetic recording layer



15The inventors of this application have made intensive studies on a structure suitable for forming an
isolation region with a smaller ion beam dose. Then, they have found that, for example, in the case of
an isolation region of a soft magnetic region, it can be formed with a smaller ion beam dose as
compared with a nonmagnetic isolation region. Further, they have found that, 20in the case of forming
either a soft magnetic isolation region or a nonmagnggc isolation region, if a magnetic layer exhibits
perpendicular magnetic anisotropy due to interface magnetic anisotropy, the isolation region can be
formed with a smaller ion beam dose by changing the state of the interface with ion-beam irradiation.

This second in\fgmiﬁ)@ Q%é&%@'%@}&%ﬂ&géra&ms 25[0126] (Configuration 13) A magnetic

recording medium manufacturing method comprising: a recording layer forming step of forming a
magnetic recording layen i¢5-heamgreadedisirostepraignedziayg g raind beamrviorebieas) irradiation step

of irradiating an ion beam on regions respectively between a plurality of recording regions, where
malgne';icIsignafé%?gﬁbv%]é&’ﬁffgs%é?gﬁgyﬁ(}j@ﬁp{ﬁv@% %ﬁﬁ’rl BFGiHEH‘@Pm é@ﬁ/f\(’)vrming

Ssoft magnetic gpginse'psnRaingly hatwera thethl FibnetitseRitiag ajensHe s, maansgc layer. In

the magnetic layer of the magnetic recording layer, regions irradiated with no ion beam become, for

example, hard ShmMeEr i tieaonD 15 ertvehe hatvetiguieel puthigntdmeesrding sefliomsgnetic regions

function as, for xamgle:ehsco gti&n EF}eﬁ,ions forr} n,[llaginetic Iﬁisolatin%the recl[%{.din%re?ions from each
¥igt SOS6IBIE S p %3?@98 Hf/r&(f‘f) Y€'solation between

other. Therefor(te,?/vri'% IS con |gurat|oﬁ,nlﬁg poSss

the recording regigioss reaexRAMNEN ihiSiDATERIA LBRKE, tar SxaaNStCcHarPrgaedium properly
function as a DTR 15medium or a patterned medium. By this, for example, since the track edge noise

is reduced, it isRRIE8MIe to reduce the track width (Erase width) and thus to improve the track density.
[0127]

10 When configured in this manner, the soft magnetic regions function as,
for example, isolation regions for magnetically isolating the recording regions
from each other. Therefore, with this configuration, it is possible to property
carry out magnetic isolation between the recording regions. For example, it is
possible to make the magnetic recording medium properly function as a DTR

15 medium or a patterned medium. By this, for example, since the track edge
noise is reduced, it is possible to reduce the track width (Erase width) and thus
to improve the track density.

[0128]
Further, the soft magnetic regions can be formed with a smaller ion

20  beam dose as compared with, for example, nonmagnetic regions. Therefore,
with this configuration, it becomes possible to reduce the ion beam dose and,
for example, {0 narrow a range affected by the ion beam. This makes it
possible to carry out the ion-beam irradiation with higher accuracy. Therefore,
even if the track density is high, the isolation regions can be formed with

25  sufficient accuracy.

{0129]
Further, for example, when the track density becomes high and the

width of isolation regions becomes small, there is a case where magnetic



[0128] Further, the soft magnetic regions can be formed with a smaller ion 20beam dose as compared
with, for example, nonmagnetic regions. Therefore, with this configuration, it becomes possible to
reduce the ion beam dose and, for example, to narrow a range affected by the ion beam. This makes it
possible to carry out the ion-beam irradiation with higher accuracy. Therefore, even if the track density
is high, the isolation regions can be formed with 255|?5{f§icient accuracy. [0129] Further, for example,
when the track density becomes high and the width of isolation regions becomes small, there is a
case where magnetic 46 isolation between recording regions becomes insufficient with a structure in

which nonmagneie sl JEYivRS AR d LTRSS R IAERIR RN SR g AcmAgpetic signal in

the recording region, there is a possibility that a recording magnetic field extends exceeding the
isolation regionw/tichffextrttagretjaderiat®reayidimg aegiomseth cditrasa s ofthevagreeiidimplation

regions serve as re%lons to restrict ass%%e of a magnetic field and thus function as magnetic field

shield portions that ?}éch?g%’e[ﬁ% EHRgJRERNAEIGF0% Sopagaiblityrihal actserrdig
Configuration 18,aRef-GRiky BididsBag08HMmd rROSHIAB Y 6GEN 85 AR FROIRMA LIS Possible to

block a recording magnetic field extending toward the outside of the recording region, thereby making
the bounddries ectgingcm@lvip mdgrasidrisid thhapft THigmetikesoiaossibliomsmeperasprevent the

Therefore, magl Gl QAN 16 BEREr 1o oSk e U A R BUOFIEre Sy BTGl caried out
field shield portions that prevent extension of the magnetic field.

[0130]

Therefore, according to Configuration 13, when carrying out magnetic

10 recording in each recording region, it is possible to block a recording magnetic
fieid extending toward the outside of the recording region, thereby making the
boundaries of the recording magnetic field sharp. This makes it possible to
properly prevent the influence of the recording magnetic field from being
exerted on the adjacent recording regions. Therefore, magnetic isolation

15 between the recording regions can be more appropriately carried out.

[0131]

Herein, the recording region of the magnetic recording layer is, for
example, a recording region corresponding to a track extending in a direction in
which a head relatively scans a magnetic recording medium. in the magnetic

20  recording medium, a plurality of tracks are disposed with a constant gap defined
between the adjacent tracks, for exampie. When the magnetic recording
medium is a magnetic disk, a plurality of tracks are disposed in concentric
circles surrounding the center of the magnetic disk.

[0132]

25 The soft magnetic regions serving as the isolation regions are formed in
non-recording regions where a magnetic signal is not recorded in the magnetic
recording layer. For example, the soft magnetic regions are each formed in a

guard band region being a gap region between the adjacent tracks. in this



[0131] Herein, the recording region of the magnetic recording layer is, for example, a recording
region corresponding to a track extending in a direction in which a head relatively scans a magnetic
recording medium. In the magnetic 20recording medium, a plurality of tracks are disposed with a
constant gap defined between the adjacent tracks, for example. When the magnetic recording medium
is a magnetic disk, a plurality of tracks are disposed ifLconcentric circles surrounding the center of the
magnetic disk. [0132] 25The soft magnetic regions sefving as the isolation regions are formed in
non-recording regions where a magnetic signal is not recorded in the magnetic recording layer. For

example, the saoft magnetic_regi are each formed in a guard band region kffgﬁ? a gap region
between the adjcagc%ﬁﬁeaﬂkasﬁ%ﬁﬁ%%ﬁ%%&? & rr%ggﬁg[ﬁ:ersécgﬁﬁﬁ%m it ec@ﬁ?ggf’}br example,
a DTR mediumThbe¢esaiidiectpaiens edhadgagnetisceamgingdayesynay regispgions corresponding

to magnetic recording bits on the tracks. In this case, for example, soft magnetic regions are also
formed in regiofSERTPLRIAEE sHeaRRih R KlisLRIthan i aktnis 1845t BasemBnetic recording

medium becomeg, (o eXaiAplea ABANSLARMINSAU, A5 1) SapNERanal,sia method o

forming guard band regions fron1 a soft magnetic material, there isa nown a method of forming a
magnetic 18recoetiertayies bitgrootresifackeed hy thidteanigraesaiignegnessolaiey (Sdiulayer) located
under the magnetic recording layer (S. Takahashi, K. Yamakawa, K. Ouchi, and S. Iwasaki, J. MMM.
287(2005)260) 186868 [ACBLRTIIR & PRLSARBSUA SRR is a possibility that the process is
complicated to cause apyinggease in cost. Further, since patterning of the soft magnetic layer is
required, 15there is a possibility that it becomes difficult to implement processing with sufficient
accuracy for high recordingveetisitaliyfds srbetiandbeof Soroangegsafrbagdetigitayefrismarsoélly as thick

as 10 to 100nm, it cannot be processed with high accuracy. In contrast, according to Structure 13, the
Coft magnetic GRS IS RS Ay S SR SN ARG BB 563 gaaTC

10 recording layer in grooves formed by patterning a soft magnetic layer (SUL
layer) located under the magnetic recording layer (S. Takahashi, K. Yamakawa,
K. Ouchi, and S. iwasaki, J. MMM. 287(2005)260). However, according fo this
method, there is a possibility that the process is complicated to cause an
increase in cost.  Further, since patterning of the soft magnetic layer is required,
15 there is a possibility that it becomes difficult to implement processing with
sufficient accuracy for high recording density. This is because since the soft
magnetic ayer is normally as thick as 10 to 100nm, it cannot be processed with
high accuracy. In contrast, according to Structure 13, the soft magnetic
regions can be formed by an exiremely simplified process.
20 [0134]
{Configuration 14)
The recording layer forming step forms the magnetic recording layer
over a substrate, and
the ion-beam irradiation step forms the soft magnetic regions having an
25  axis of easy magnetization in an in-plane direction parallel to a main surface of
the substrate. With this configuration, it is possible to more appropriately block a
recording magnetic field extending toward the adjacent recording regions.

[0135]



(Configuration 14) The recording layer forming step forms the magnetic recording layer over a
substrate, and the ion-beam irradiation step forms the soft magnetic regions having an 25axis of easy
magnetization in an in-plane direction parallel to a main surface of the substrate. With this
configuration, it is possible to more appropriately block a recording magnetic field extending toward the
adjacent recording regions. [0135] 48 (Configuration,15) The recording layer forming step forms
the magnetic recording layer having the magnetic layer that exhibits perpendicular magnetic
anisotropy due to interface magnetic anisotropy, and 5the ion-beam irradiation step forms the soft
magnetic regions by chfggri'ﬂgﬁgtigheqace state of the magnetic layer by irradiation of the ion beam.
The perpendicular magnetic anisotropy is, for example, a magnetic anisotropy in which the magnetic

moment tends to turn irf Bedieectiging erparidiening Beb Mam Sthidepgiaisubsliaglajet3c]  The
change in interface state of the magnetic layer occurs with a smaller ion beam dose as compared with,

for example, thé'@488 I MAYIRtCtRY il hbiaRATeaO IS ROMAANRIe RVEQHRIRNEYS thereof.
Therefore, with ghi ' i ' Qn regions can be formed with a smaller ion beam 15dose.
f@ﬁﬁ@?f&ﬁ@%&@gamﬁg% ngi

[0137] (Configuration 1 e recor er forming step forms the magnetic recording layer
having the tnagnetic layke battesdibitsapierendieplformaghetipamsriney csiorBtynterface magnetic
anisotropy, andchanging an interface state of the magnetic layer by irradiation of the ion beam.
The perpendicular magnetic anisotropy is, for example, a magnetic anisotropy
in which the magnetic moment tends to turn in a direction perpendicular to a
main surface of a substrate.
10 [0136]

The change in interface state of the magnetic layer occurs with a
smaller ion beam dose as compared with, for example, the case of changing the
state of the magnetic layer over the entire thickness thereof. Therefore, with
this configuration, the isolation regions can be formed with a smalier ion beam

15 dose.

[0137)

(Configuration 16)

The recording layer forming step forms the magnetic recording layer
having the magnetic layer that exhibits perpendicular magnetic anisotropy due
20 to interface magnetic anisotropy, and

the ion-beam irradiation step changes the regions irradiated with the ion
beam in the magnetic layer to regions that exhibit substantially no perpendicular
magnetic anisotropy due fo interface magnetic anisotropy.

[0138]

25 When formed in this manner, the regions that exhibit substantially no
perpendicular magnetic anisotropy in the magnetic layer function as the
isolation regions. Therefore, with this configuration, the isolation regions can

be properly formed. Exhibiting substantially no perpendicular magnetic



the ion-beam irradiation step changes the regions irradiated with the ion beam in the magnetic layer to
regions that exhibit substantially no perpendicular magnetic anisotropy due to interface magnetic
anisotropy. [0138] 25When formed in this manner, the regions that exhibit substantially no
perpendicular magnetic anisotropy in the magnetic layer function as the isolation regions. Therefore,
with this configuration, the isolation regions can be properly formed. Exhibiting substantially no
perpendicular magnetic 49 anisotropy due to interfad® magnetic anisotropy represents, for example,
that the perpendicular magnetic anisotropy exhibited by the region with respect to a magnetic signal to
be recorded in the magnetic recording layer has a magnitude that causes no problems. 5[0139]

(Configuration _fﬁsm@mﬁf%f&imﬁ @B?t’ﬁégﬁﬁﬂﬁ@ﬁ‘f'ﬁ%%?ﬁifﬁj’f&?@m&é%%ﬁ%?:fﬂ'ﬁ%’f and the
ion-beam '”ad'%'é’?%&w@%ﬁﬁ'?ﬁﬁ%ﬁ%%&%q. b%%%gﬁ%%é%ggﬁng %%W %“?ragé?kg %ontalned in

respective layers of the multilayer y irradiation his configuration, the
isolation regionsnegndie sigpetly foemsmbuith an sheattergoatibaanodiisg 140848REConfiguaiian 18)
15The magnetic recording layer comprises a main recording layer for recording a magnetic signal and
an auxiliary ma tf@fé“fgr %&éﬁﬁ@fﬁfgﬁy coupled to the main recording layer, and the ion-beam
irradiation sjep irradiatqg{@glion beam on the auxiliary magnetic layer, thereby forming the soft
magnetic regions substantially only in 20the auxiliary magnetic layer out of the main recording layer
and the auxiliary {(Configuration 17)

The magnetic layer of the magnetic recording layer is a multilayer film,
and
the ion-beam irradiation step forms the soft magnetic regions by forming

10 an alloy of metals contained in respective layers of the multilayer film by
irradiation of the ion beam. With this configuration, the isolation regions can be
properly formed with a smaller ion beam dose.

[0140]
{(Configuration 18)

15 The magnetic recording layer comprises a main recording layer for
recording a magnetic signal and an auxiliary magnetic layer magnetically
coupled to the main recording layer, and

the ion-beam irradiation step irradiates the ion beam on the auxiliary
magnetic layer, thereby forming the soft magnetic regions substantially only in

20  the auxiliary magnetic layer out of the main recording layer and the auxiliary
magnetic layer.

[0141]
There is a case where the magnetic recording layer has a plurality of
magnetic layers having different compositions. For example, in a CGC

25  medium, a magnetic recording layer comprises a granular layer serving as a
main recording layer and a continuous film layer serving as an auxiliary
magnetic layer. With respect to such a magnetic recording layer, i, for

example, an attempt is made to form soft magnetic regions in both the main



magnetic layer. [0141] There is a case where the magnetic recording layer has a plurality of
magnetic layers having different compositions. For example, in a CGC 25 medium, a magnetic
recording layer comprises a granular layer serving as a main recording layer and a continuous film
layer serving as an auxiliary magnetic layer. With respect to such a magnetic recording layer, if, for
example, an attempt is made to form soft magnetic rsﬁions in both the main 50 recording layer and
the auxiliary magnetic layer, there is a possibility that the required ion beam dose increases. [0142]
Taking this into account, the inventors of this application have found that 5recording regions can be

magnetically isq@g f[r' t fQrmi iC ign_regions only,in the auxiliary
magnetic layer Withglj,lt orrrérf\?ﬂ; t%&%ﬂ%ﬁ@éﬁéﬁ%ﬁe@%%@%ﬁ ?ﬂ%%:r %n%a norS(e%(!(:%(;{‘r%‘i’n{g]1 53{/%%. With this

configuration, siecgirehecomesnineedasarydesform the isolation regions over the entire thickness of
the magnetic recording layer, the isolation regions can be 10 properly formed with a smaller ion beam

dose. This makes it pos@i @Ito form the isolation regions with higher accuracy. [0143] The auxiliary

magnetic layer is, for e TAgBRKG A ShoTHEAYIBNIR D RadBriRRTdIg ayer and is

not necessarily a layer for 15 recording a magnetic signal. The auxiliary magnetic layer is, for
example, aimageedcilageetiavin gan o atiegtieiibalyss drraadHeomainaie condintgy | &yening asflagnetic
layer having a smaller coercive force than the main recording layer. In the main recording layer, the

recording regionSSEHGIRAAIOD RY'eRE MBI MR ALY JRAGRS I BY_E W HIRUHE Ai¥ary magnetic
layer. The soft 2Q0aganeigHegiaBJRIMma:® ieawiiansmaancficiaer Wy hsa region where the

magnetic properties of the entire magnetic recording layer, at that position, combining the main
recording layer eerfitheaiigiliarycmidpesioiey enasbisisane tedfvmeitprdtiolgiopedisns ouming the soft

T e e et e g e e e case
affecting the acguspenpfrpieitiabnamnErcessesdosdormatiomakiiesabsamgnstisngaions.
[0144] the isolation regions with higher accuracy.
[0143]
The auxiliary magnetic layer is, for example, a magnetic layer being
auxiliary in the magnetic recording fayer and is not necessarily a layer for
15 recording a magnetic signal. The auxiliary magnetic layer is, for example, a
magnetic layer having a smalier thickness than the main recording layer or a
magnetic layer having a smaller coercive force than the main recording layer.
In the main recording layer, the recording regions are defined by, for example,
magnetic influence received from the auxiliary magnetic layer. The soft
20  magnetic region formed in the auxiliary magnetic layer may be a region where
the magnetic properties of the entire magnetic recording layer, at that position,
combining the main recording layer and the auxiliary magnetic tayer exhibit the
soft magnetic properties. Forming the soft magnetic regions substantially only
in the auxiliary magnetic layer also includes, for exampile, the case where the
25 soft magnetic regions are also formed in part of the main recording layer in a
range not affecting the accuracy of and the number of processes for formation
of the soft magnetic regions.

[0144]



51 The auxiliary magnetic layer is preferably a magnetic layer in which the width of the grain
boundaries of magnetic grains contained in the regions irradiated with no ion beam is smaller than that
of the grain boundaries of magnetic grains in the main recording layer. It is preferable that the
magnetic 5grains contained in the regions irradiated with no ion beam in the auxiliary magnetic layer
be exchange-coupled to each other with a coupling f§ ce greater than that between the magnetic
grains of the main recording layer in a direction paraliel to the main surface of the substrate. With this
configuration, for example, it is possible to improve the thermal stability of signals recorded in the

10main recording Iayenyﬂ' Q%%@y%ﬁﬁ%%%%% 5@9%28%? g?sg%aaipsés’a% é%%itgcn%g\v%?rig’ &?\rig%x%mple, atomic

arrangement at a boundary gnetic grains’is IS, for eéxamp ,ar%gion

occupied by impitities pregriiateeUpriayReb RGN BagasRic @Rinsad RS aresefeasy
magnetization agree with each other. The width of the grain boundaries of the magnetic grains
15contained in fRAatae1ethraRiNR #SAM SSBRMSE Hianihab dikmanzimBgHBEaNES & being smaller

than that of the grain Al - ' ins jnt in.r ' er alsg includes, for
example, the casé%:/vﬁ%g?a[%e %juﬁxﬁ{aér@ﬁrﬂ%%%%ﬂ@ié Slls% 'Ja |a@%ﬁ%ﬁe§%%%%ﬁ¥u?§ TJ% II&re or the like
with substehtialyanesgramabetitaties poesenir 20{e454ith nd lve differencehinauagastic properties
between the soft magnetic region and the other region in the auxiliary magnetic layer may be, for

example, the diffGRIRLS IRYRRBRAICHROTErGRURIETHE BAGFQIISYMEHT ARRHPURSHAIG08I88I combining
the main recordiigy e RAFOR oML BIRAEIIBY Ble ThARARLBRANG IS aRE aRduRgum having

the magnetic recording layer comprising the main recording layer an auxiliary magnetic layer is
not limited to thpaG(B€ méhumaansuniaseadifcimasvebirbes. foMéxathig ecafigraiang®spring (Exchange

Spring) medium, an exchange coupled composite (ECC: Exchange Coupled 52 Composite) medium,
or the ke havirfg R thiBRRER R d? KSRV AR FAD SR B) SE238) REGRRIATR 19) SThe

main recofding fayer iscarangnayen a wglﬁrﬁﬁwaﬁdj%wmsa@ﬁ@amﬁ@wetgc RRHARE S
segregated at grain boundaries of magnetic grains, an
for example, atomic arrangement at a boundary between magnetic grains is
disturbed, and is, for exampie, a region occupied by impurities precipitated
between uniform magnetic grains whose axes of easy magnetization agree with
each other. The width of the grain boundaries of the magnetic grains
15 contained in the regions irradiated with no ion beam in the auxiliary magnetic
layer being smaller than that of the grain boundaries of the magnetic grains in
the main recording layer aiso includes, for example, the case where the
auxiliary magnetic layer is a layer with an amorphous structure or the like with
substantially no grain boundaries present.
20 [0145]

The difference in magnetic properties between the soft magnetic region
and the other region in the auxiliary magnetic layer may be, for example, the
difference in magnetic properties of the entire magnetic layer, at that position,
combining the main recording layer and the auxiliary magnetic layer. The

25  magnetic recording medium having the magnetic recording layer comprising the
main recording layer and the auxiliary magnetic layer is not limited to the CGC
medium and may alternatively be, for example, an exchange spring (Exchange

Spring) medium, an exchange coupled composite (ECC: Exchange Coupled



the auxiliary magnetic layer is a multilayer film in which layers of a Co compound and Pd layers or Pt
layers are alternately laminated. 10[0147] When configured in this manner, the magnetic recording
medium becomes, for example, a CGC medium. In this case, magnetic isolation between the
recording regions can be properly carried out by forming the soft magnetic regions in the auxiliary
magnetic layer. Therefore, it becomes 15 possible to%?ake the magnetic recording medium properly
function as a DTR medium or a patterned medium afd to improve the track density. The
above-mentioned nonmagnetic substance is, for example, an oxide. This oxide is preferably a metal

oxide. [0148] 204CaRfigneiion Al or & MEES Al mankachiing a.adnels Lesqrdipa medium for a
perpendicular magnetic récording system, the me comprlgng. a recorc?lng |a))/er forming step
of forming a magagtietfedyeing layer having a magnetic layer that exhibits perpendicular magnetic
anisotropy due to 25interface magnetic anisotropy, and an ion-beam irradiation step of irradiating
an ion beam on regionéorb"s@ectively between a plurality of recording regions, where magnetic signals
are to be respectively f?éeﬁﬂgﬂréﬂéhe: agnetic recording layer to change an 53 interface state of the
regions, thereby changing the regions irradiated with the ion beam in the magnetic layer to regions that
exhibit subStantially no Prexpeaidicatardiag mstic Brasairopyithie tpantddaseutiagnatiorarisaetropy. [0149]
When formed in this manner, the regions that exhibit substantially no perpendicular magnetic

anisotropy in thBHEGIEFHGSHASIBRER IR SROREIAAIRT Ay R dRsise R R aRnRtihid 8Biiguration, the

isolation regiongcan be properly formed. Changing the regions irradiated with the ion beam to regions
that exhibit substantially no perpendicular magnetic anisotropy due to
the auxiliary magnetic layer is a multilayer fiim in which layers of a Co

compound and Pd layers or Pt layers are alternately laminated.
10 [0147]

When configured in this manner, the magnetic recording medium
becomes, for example, a CGC medium. In this case, magnetic isolation
between the recording regions can be properly carried out by forming the soft
magnetic regions in the auxiliary magnetic layer. Therefore, it becomes

15 possible to make the magnetic recording medium properly function as a DTR
medium or a patierned medium and to improve the track density. The
above-mentioned nonmagnetic substance is, for example, an oxide. This
oxide is preferably a metal oxide.

[0148]

20 {Configuration 20)

A method of manufacturing a magnetic recording medium for a
perpendicular magnetic recording system, the method comprising:

a recording layer forming step of forming a magnetic recording iayer
having a magnetic layer that exhibits perpendicular magnetic anisotropy due to

25 interface magnetic anisotropy, and

an ion-beam irradiation step of irradiating an ion beam on regions

respectively between a plurality of recording regions, where magnetic signals

are to be respectively recorded, in the magnetic recording layer to change an



10 interface magnetic anisotropy can be performed by, for example, changing the interface state of the
magnetic layer. The change in interface state of the magnetic layer occurs with a smaller ion beam
dose as compared with, for example, the case of changing the state of the magnetic layer over the
entire thickness thereof. Therefore, with this configuration, the isolation regions can 15 be formed with
a smaller ion beam dose. [0150] The ion-beam igr diation process forms, for example, soft
magnetic regions in the regions irradiated with the ion"beam in the magnetic layer. The ion-beam
irradiation process may form nonmagnetic regions instead of the soft 20magnetic regions. With

respect to he cfiereelnte eI TBIMZI RS SARE a3 an st onfghions 13 10 10,

[0151] (Configuratio agneétic rec m foF a perpendicular magnetic
recording 25systerbeaampiségag ety i teaeing ihxerdrabing abztagnatic hdyer that exhibits
perpendicular magnetic anisotropy due to interface magnetic anisotropy, wherein the magnetic layer
comprises; 54 PEPENSIGHARTMINSTE RRISAERE Y SHf I NaTiRea RRENG RN SCHESYions
corresponding to recorgi ggjagions, where magnetic signals are to be recorded, in the magnetic
recording layer and adapted'to exhibit perpendicular magnetic anisotropy due to interface magnetic
anisotropy,5and 5isolatidtheegimmsstbimiikbebmeen the giatitytisdiaxdibitegiaticenialiyons, respectively,
to magnetically isolate t,hela%lurality of hard magnetic portions from each other, the isolation regions

having an interfa e ERHiS drf PR REAAMSPEPRYSh IR MARMRIC BERIGHRCERR 281diRed to exhibit
substantially nogoRRREARIHET MaREHE AURRITPRY AHEJ0 LieHaER MRBMIRNICaFISAY aRY. With 10this

configuration, it is possible to obtain an effect similar to that of Configuration 20.

be properly formed. Changing the regions irradiated with the ion beam to
regions that exhibit substantially no perpendicular magnetic anisotropy due to

10  interface magnetic anisotropy can be performed by, for example, changing the
interface state of the magnetic layer. The change in interface state of the
magnetic layer occurs with a smaller ion beam dose as compared with, for
example, the case of changing the state of the magnetic layer over the entire
thickness thereof. Therefore, with this configuration, the isolation regions can

15  be formed with a smaller ion beam dose.

[0150]

The ion-beam irradiation process forms, for example, soft magnetic
regions in the regions irradiated with the ion beam in the magnetic layer. The
jon-beam irradiation process may form nonmagnetic regions instead of the soft

20  magnetic regions. With respect to the other points, Configuration 20 may be
the same as or similar to Configurations 13 to 19.

[0151]

{Configuration 21}

A magnetic recording medium for a perpendicular magnetic recording

25  system, comprising:

a magnetic recording layer having a magnetic layer that exhibits

perpendicular magnetic anisotropy due to interface magnetic anisotropy,

wherein the magnetic layer comprises;



[0152] Another aspect of this second invention is a mode wherein, in the above-mentioned
Structure 18 and the like, the main recording layer is a layer 15with a granular structure in which a
nonmagnetic substance is segregated at the grain boundaries of magnetic grains, and the auxiliary
magnetic layer is a magnetically coupling layer magnetically coupled to the main recording layer.

In this aspect, (1) a granular magnetic recording layer js provided, (2) a magnetically coupling layer
(not continuoustayers but a single layer) is provided, 20(3) the magnetically coupling layer is
magnetically coupled to the magnetic recording layer, and (4) the magnetically coupling layer has hard

magnetic portions and %@Msgi@a%%@&i%@tﬁ%%% vevgg;\}{%gi é%%? etg?;\ttgc}gﬁorﬁ%rd magnetic

portions. Further, the m ecordin r and the magnetic INg fayer are In contact with

each other. 25IpsusspanaihetaspentinidhisyRecgnehisveenizgmaicHonaenisdnoveciecantadxiliary
magnetic layer" is replaced by "a magnetically coupling layer" in the above-mentioned Configuration

18 and the like %@%%ﬁ%ﬁﬁﬁ?@@ﬁb@ﬂﬁéﬁﬁﬁ@t%ﬁ%@ﬁhiﬁ’%@@lﬁ%‘?@iﬁéﬁ%@%‘ﬁ@f%is second
invention, the %&%‘E{&@%ﬁb%‘kﬁ%ﬁa&%@%%
y 'a

GiRVELisoBd Ig;ogq'ypg layer", or "a magnetic recording
layer” is replaced b yer in which a magnetic recorglngﬁa’lyer with a granular structure and a

magneticaly coupling lagettioragmgtinalfprooem leshieeraretit gritn sfindng meagreaticpedionding layer
are stacked in this order” in the 5above-mentioned Configurations 13 to 17, 20, and 21 and the

description therESPES pimRaAnsiically isglpis the pluraltyethareHragBeRdaiieRadiPRciudes the
following configuEaionndP (endiguiRinR dghs havih FRONRER SisksiRwhisR 2 magneticiegording layer

with a granular structure in which nonmagnetic grain'boundary portions are formed between magnetic

grains continuoﬂﬁy@rmai@mm@’@a@wde@ m@détiitaubsmnﬁiﬁrﬁg fayer magnetically
C e O e A R MR ) A s w5 IRE e AL RSB ol Sy over @
10  this configuration, it is possible to obtain an effect similar to that of Configuration
20.
[0152]
Another aspect of this second invention is a mode wherein, in the
above-mentioned Structure 18 and the like, the main recording layer is a layer
15 with a granular structure in which a nonmagnetic substance is segregated at the
grain boundaries of magnetic grains, and the auxiliary magnetic layer is a
magnetically coupling layer magneticaily coupled to the main recording layer.
In this aspect, (1) a granular magnetic recording layer is provided, {2) a
magnetically coupling tayer (not continuous layers but a single layer) is provided,
20 (3} the magnetically coupling tayer is magnetically coupled to the magnetic
recording layer, and (4} the magnetically coupling layer has hard magnetic
portions and soft magnetic portions with magnetism weaker than that of the
hard magnetic portions. Further, the magnetic recording layer and the
magnetically coupling layer are in contact with each other.
25 in such another aspect of this second invention, the contents in which
"an auxiliary magnetic layer” is replaced by "a magnetically coupling layer” in
the above-mentioned Configuration 18 and the like and the description thereof

are applied. Further, in such another aspect of this second invention, the



substrate, the magnetic disk wherein: at least the magnetically coupling layer out of the magnetically
coupling layer and the magnetic recording layer comprises hard magnetic portions and  soft
magnetic portions alternately adjacent to each other in a radial direction of 20said substrate. With
this configuration, it is possible to obtain an effect similar to that of the above-mentioned Configuration
13 or the like. For example, when configured in€£1 is manner, the soft magnetic regions function
as, for example, isolation regions for magnetically isolating recording 25regions from each other.
Therefore, with this configuration, it is possible to properly carry out magnetic isolation between the

recording regioRs g Makesit RessiRIR tk i rdipg ium.properly function
as, for example, a DTR medium ori%sa"t%e%em méd%m. géﬁi@%(?e’xg?m%@g%%%ce the track edge
noise is reducedkdbislipgdaise’ to replacedity trathyandthwEickse wiglihpnceturditg impsowdtithe track
density. Further, the soft magnetic regions can be formed with a smaller ion beam dose as

compared with, 3§ &RRIARIUTBRMARR A0 8GRI IRERENS BYAHIRENESAgY cRIgHeR Becomes
possible 10 redufgdhgPaRRATHIRBS AR eI 1 BRARVBERIITATRCSHDY (ifhion bear.

This makes it possible to carry out the ion-beam irradiation with higher accuracy. Therefore, even if the
track densiby is &ligivetheerictatdrOejions tansbeSforrhéd20itarslifitiend dvedessyifoj0154] In
such another aspect af this second invention, the magnetically coupling layer is a thin film, that exhibits
perpendicular E%rr? i@ra%f’s?ﬁﬁSEy, on the magnetic recording layer with the granular structure. By
exchange interaction b%wggp the magnetic recording layer and the magnetically coupling 15layer
magnetically coupled to magnetic grains in the magnetic recording layer, the perpendicular magnetic

recording layer and the yHafsewshdly asngshng aisesenenthapesticalipcodpethefebeninther. [0155]
configuration.
10 (Configuration 22)

A magnetic disk in which a magnetic recording layer with a granular
structure in which nonmagnetic grain boundary portions are formed between
magnetic grains continuously grown in a columnar shape and a magnetically
coupling layer magnetically coupled to the magnetic grains in the magnetic

15 recording layer are stacked in this order over a nonmagnetic disk-shaped
substrate, the magnetic disk wherein:

at least the magnetically coupling layer out of the magnetically coupling
layer and the magnetic recording layer comprises hard magnetic portions and
soft magnetic portions alternately adjacent to each other in a radial direction of

20  said substrate.

With this configuration, it is possible to obtain an effect similar to that of
the above-mentioned Configuration 13 or the like.

For example, when configured in this manner, the soft magnetic regions
function as, for example, isolation regions for magnetically isolating recording

25 regions from each other. Therefore, with this configuration, it is possible to
properly carry out magnetic isolation between the recording regions. This
makes it possible to make the magnetic recording medium properly function as,

for example, a DTR medium or a patterned medium. By this, for exampie,



Such another aspect of this second invention further includes the 20following configurations.
(Configuration 23) The magnetic disk, wherein the hard magnetic portions in the magnetically coupling
layer are formed at positions corresponding to recording regions, where magnetic signals are to be
recorded, of the magnetic recording 25layer and the soft magnetic portions are formed in regions other
than the positions. (Configuration 24) The magnetic %lék wherein the soft magnetic portions and the
hard 57 magnetic portions are formed in concentric €ifcles with respect to a center of the disk-shaped
substrate. (Configuration 25) The magnetic disk, wherein the magnetic recording layer and the

omagnetial CoUBICHVBLCUR R A MM Soe  CRROMBLER ) g et
Second InventigBtA44@iGH) and thus to improve the track density.
Further, the soft magnetic regions can be formed with a smaller ion
beam dose as compared with, for example, nonmagnetic regions. Therefore,
5 with this configuration, it becomes possible to reduce the ion beam dose and,
for example, to narrow a range affected by the ion beam. This makes it
possibie to carry out the ion-beam irradiation with higher accuracy. Therefore,
even if the track density is high, the isolation regions can be formed with
sufficient accuracy.
10 [0154]

In such another aspect of this second invention, the magnetically
coupling layer is a thin film, that exhibits perpendicular magnetic anisotropy, on
the magnetic recording layer with the granular structure. By exchange
interaction between the magnetic recording layer and the magnetically coupling

15 layer magnetically coupled to magnetic grains in the magnetic recording layer,
the perpendicular magnetic recording layer and the magnetically coupling layer
are magnetically coupled o each other.

[0155]

Such anaother aspect of this second invention further includes the

20 following configurations.

(Configuration 23)

The magnetic disk , wherein the hard magnetic portions in the
magnetically coupling layer are formed at positions corresponding to recording
regions, where magnetic signals are to be recorded, of the magnetic recording

25 layer and the soft magnetic portions are formed in regions other than the
positions.

(Configuration 24)

The magnetic disk, wherein the soft magnetic portions and the hard



According to this invention, for example, when isolation regions for magnetically isolating recording
regions from each other are formed by ion-beam irradiation, the ion beam dose (Dose) can be
reduced. Further, this makes it possible to accurately form the isolation regions. 15[Best Mode for
Carrying Out the invention about the Second Invention] [0157] (Embodiment 1) Hereinbelow, an
embodiment according to this second invention will Re described with reference to the drawings.
20Figs. 1, 2, 5, and 7 in the second invention are the same as Figs. 1, 2, 5, and 7 in the first invention
except that "magnetic shield portions 202" are changed to "isolation regions 202", and therefore, a

description will e GiuRe MIHJRIIRIRS AREIAS:cncbriiCBlclel Wi fespiuapioRofutetydate

obtained in Figs. 3'and 4 in the second invention are the same as those In Figs. 253 and 4 in the first
invention and thistefharedestsptitn will be given with reference to Figs. 3 and 4 in the first invention.
Fig. 1 shows one exanz) le %f a ma% ic recording medium 10 according to the embodiment of this
invention. Fig. 1 (a) sh gurakg ‘g 58 of the structure of the magnetic recording medium 10. The

magnetic recording meﬂ%@mﬁéﬁ%@%@ﬁpwﬁiﬁwm@mawwméa@%vﬁgagép disk adapted to be

mounted in a perpendicular magnetic recording type HDD (hard disk drive). [0158] 5In this example,
the magnelic revagigiicalydianplinocenssrisedracontattavéti 2aah alfieesive layer 14, a soft magnetic
layer 16, an underlayer¢8 erpendjcular magnetic recording layer 30, a protective layer 26, and a
lubricating layer 28 in th'&f}ﬁ&g@g‘ﬁ% %rpendicular magnetic recording layer 30 comprises a granular

layer 20, a coupling comkel iR, @R, HAeRiIAUAESARSHBHaYRT 2dudRiByer cThmpkbstrate 12 is,
for example, a glass for a base. As this base glass, there can be cited, for example, an aluminosilicate
glass, an least CoCrPt.

[Effect of the Invention about the Second Invention]

10 [0156]

According to this invention, for example, when isolation regions for
magnetically isolating recording regions from each other are formed by
ion-beam irradiation, the ion beam dose (Dose) can be reduced. Further, this
makes it possible to accurately form the isolation regions.

15  [Best Mode for Carrying Out the invention about the Second invention]

[0157]

(Embodiment 1)

Hereinbeiow, an embodiment according to this second invention will be
described with reference to the drawings.

20 Figs. 1, 2, 5, and 7 in the second invention are the same as Figs. 1, 2, 5,
and 7 in the first invention except that "magnetic shield portions 202" are
changed to "isolation regions 202", and therefore, a description will be given
with reference to Figs. 1, 2, 5, and 7 in the first invention. Further, data
obtained in Figs. 3 and 4 in the second invention are the same as those in Figs.

25 3 and 4 in the first invention and therefore a description will be given with
reference to Figs. 3 and 4 in the first invention.

Fig. 1 shows one exampie of a magnetic recording medium 10

according to the embodiment of this invention. Fig. 1 (a) shows one example



aluminoborosilicate glass, a soda-lime glass, or the like. Among them, the 15aluminosilicate glass is
preferable. An amorphous glass or a crystallized glass can be used. For example, when the soft
magnetic layer 16 has an amorphous structure, it is preferable that the base glass be the amorphous
glass. Use of a chemically strengthened glass is preferable because the rigidity is high. 20[0160]
The surface roughness of a main surface of the subgiate 12 is preferably 3nm or less in Rmax and
0.3nm or less in Ra. Rmax and Ra follow Japanese Industrial Standard (JIS). By providing such a
smooth surface, for example, a gap between the perpendicular magnetic recording layer 30 and the

25s0ft magnetiggeGl O be B! FABRAR: RSN IRaSRADIL fArnAiaRssangfc cirout

across a head (magnetic head), the perpendicular magnetic recording lay magnetic
layer 16. The solstiate URisrmpdrpenduthstraieciayiagnaedisoirope susfradiovidizadegtadso 59 [0161]

For example, when magnetic field annealing is necessary for. controlljng magnetic domains of the soft
magnetic layer 3 MPK! t\ELﬁ&Gﬁ”?ﬁ‘@?i?ﬁ%ge%Qﬁ%“ﬁﬁr@ 9@{}%@&%@%@6‘%&% Y¥lsince the

glass base is excellentyigy Beat resistance, the heating temperature of the substrate 12 can be set
high. [0162] The adhesive layer 14 is a layer (adhesion layer) for improving the adhesion between
the substrdte 12 and tHe §o& exagnesicthsysatbeBy texsviding tredadhdSivietayeasdsiait is possible to

ade of, for xBTS HRCOREHING trAaVAal A A HRLACAY GoLC R HOERH Y8 o1 the acheane
layer 14 is prefergbhpseiiteikiagaticl FebRdmepraie sthepghrsivg dauged dgs-a amorphous CrTi
layer. The thickness of the adhesive layer 14 is, for example, about 10nm. 15[0163]
lubricating layer 28 in this order. The perpendicular magnetic recording layer
30 comprises a granular layer 20, a coupling control layer 22, and a continuous
10 film layer 24.

[0159]

The substrate 12 is, for example, a glass for a base. As this base
glass, there can be cited, for example, an aluminesilicate glass, an
aluminoborosilicate glass, a soda-lime glass, or the like. Among them, the

15  aluminosilicate glass is preferable. An amorphous glass or a crystallized glass
can be used. For example, when the soft magnetic layer 16 has an
amorphous structure, it is preferable that the base glass be the amorphous
glass. Use of a chemically strengthened glass is preferable because the
rigidity is high.

20 {0160}

The surface roughness of a main surface of the substrate 12 is
preferably 3nm or less in Rmax and 0.3nm or less in Ra. Rmax and Ra follow
Japanese Industrial Standard (JIS). By providing such a smooth surface, for
example, a gap between the perpendicular magnetic recording layer 30 and the

25  soft magnetic layer 16 can be set constant so that it is possible to form a
suitable magnetic circuit across a head {(magnetic head), the perpendicular
magnetic recording layer 30, and the soft magnetic layer 16. The substrate 12

may be a subsirate having an isotropic surface with no texture.



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 particularly limited as
long as it is made of a magnetic substance that exhibits soft magnetic properties and, for example,
preferably 20has as its magnetic property a coercive force Hc of 0.01 to 80 oersteds and more
preferably 0.01 to 50 oersteds. Further, it preferably has as its magnetic property a saturation
magnetic flux density Bs of 500emu/cc to 1920emu/¢t. [0164] As a material of the soft magnetic layer
16, there can be cited, for 25 example, an Fe-based material, a Co-based material, or the like. For
example, use can be nﬁggg an Fe-based soft magnetic material such as FeTaC-based alloy,
FeTaN-based alloy, FeNi-based alloy, FeCoB-based alloy, or FeCo-based alloy, a Co-based soft

magnetic material suctras &ahile;hased aiineiic iIgaNRaPRsathalieysan kCarivamehalloy soft

magnetic material, or the like. [0165] The thickness of the soft magnetic layer 16 is, for example,
10 to 200nm arf83stesdrBiaiNtoof doa sPRRGNETS tRkaintEsiida @sstiparipprafBaiedds a case

where it becom ifficul ' e ic cirguit across the head, the endicular
magnetic recorgi%:fgcltl a%/grj% %% %ggsfﬁ?%%%%%gyerf C%/evlhl ef‘:’\t/%/ifk";%rk]3 e thic 5r)f%[ssmegpceeds

200nm, thefe ishaatassisthere e witiog lenguressdnareaseabkivsteer2 wheméhsethigness exceeds
200nm, there is a case where the magnetic domain control becomes difficult. 10[0166] Herein,
large magnetic domaint?#&4d to be formed in the soft magnetic layer 16. When large magnetic

domains move, there iSrg PasAIIK Rlyapis %eyﬁg@mﬁﬁ%%rs%f%%@g%%%ﬁ?@ﬁﬂdﬁjﬁéayer 16

preferably has a plurality of soft magnétic material layers antiferro netically coupled (AFC:
Anti-Ferro 15Maghetical lycSoaphettietoutmstta izt er addthehds it ondfiguseti omydt isepomBible to prevent
noise generation by. maki%%hg%magnetic domains difficult to move. I{Ol@?], In this example, the

soft magnetic I&/8YH8d SWVRIfYRE &r EiSREESIRRIR Rifuen sRRgiRgichRRibled to each
other throygh a-Rsplauer I ZRINETPosed IhafehaiuesR. it Rydayrs s X ample, Adageswith an

hcp crystal structure. The thickness of the Ru layer is, for examplée, about 0.9nm. Each CoTaZr layer is
a layer with an émexahls. striicoordanitegthiekeréals ofcachn CoMaActmpt i, fovectkickpéss20 to
27.5nm. of the adhesive layer 14 is preferably set to 1 to 50nm. In this example, the
adhesive layer 14 is an amorphous CrTi layer. The thickness of the adhesive
tayer 14 is, for example, about 10nm.
15 [0163]

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 fayer 16 is not particularly limited as long as it is made of a magnetic
substance that exhibits soft magnetic properties and, for example, preferabiy

20  has as its magnelic property a coercive force Hc of 0.01 to 80 oersteds and
more preferably 0.01 to 50 oersteds. Further, it preferably has as its magnetic
property a saturation magnetic flux density Bs of 500emu/cc to 1920emu/cc.

[0164]

As a material of the soft magnetic layer 186, there can be cited, for

25  example, an Fe-based material, a Co-based material, or the like. For example,
use can be made of an Fe-based soft magnetic material such as FeTaC-based

alloy, FeTaN-based alloy, FeNi-based alloy, FeCoB-based alloy, or FeCo-based

alioy, a Co-based soft magnetic material such as CoTaZr-based alioy or



[0168] 25The underlayer 18 is a layer for controlling the crystal structure of the perpendicular magnetic
recording layer 30. The underlayer 18 may be a multilayer film of a plurality of kinds of films. In this
example, the underlayer 18 comprises a first orientation control layer, a second orientation control
layer, an 61 isolation promoting layer, and a miniaturization promoting layer in this order over the soft
magnetic layer 16. [0169] The first orientation control.|ayer is a layer for controlling the crystal
5orientation of the second orientation control layer bemg its upper layer. In this example, the first
orientation control layer is, for example, a Ta layer or a CoCrTa layer with a bcc crystal structure close

fo amorphous. Bk iekpRss ol Jrskasealon spoliver sy e siamile, apgyian The

second orientation controllayer Is a layer Tor improving the orieftation o e Turther 1 L?pper layer. In
this example, the secorfigh@gentation control layer is a Ru layer with an hcp crystal structure. The
thickness of the second orientation control layer is, for example, about IOnm. [0170] The isolation

promoting layer is a IayE??dP@@BS?&tmdhﬁéﬁ%ﬁﬁ'ﬁ%ﬁi%’%!ﬁ%‘f i @p&rﬂé?&%:p?@rﬁbte isolation of
o s LRI 2 bRRRA SR oA eI eI IR i ore, o

example, the gas pressure’is hi than that in forming t u layer being the second orientation
control layér. Byhiis isheedastatibarprometingeaydifibeltaniesra tayeitabiwhickyesyistaigaite small and
crystal grains are away from each other. In this example, 20the isolation promotinﬂ_sléyer is a Ru layer

with an hep cry@PSFIRRPE ¢ SHRAIRERY B R MEsRRIsn SRR Avee?ls ans e, about

10nm. [0171]  magnetic layer 16, while, when the thickness exceeds 200nm, there is a case
where the surface roughness increases. Further, when the thickness exceeds
200nm, there is a case where the magnetic domain control becomes difficult.
10 [0166]

Herein, large magnetic domains tend to be formed in the soft magnetic
layer 16.  When large magnetic domains move, there is a possibility of noise
generation. Therefore, the soft magnetic layer 16 preferably has a plurality of
soft magnetic material layers antiferromagnetically coupled {(AFC: Anti-Ferro

15 Magnetically Coupled) to each other. With this configuration, it is possible to
prevent noise generation by making the magnetic domains difficult to move.

[0167]

In this example, the soft magnetic layer 16 comprises a plurality of
CoTalr layers antiferromagnetically coupled to each other through a Ru layer

20  interposed therebetween. The Ru layer is, for example, a layer with an hep
crystal structure. The thickness of the Ru layer is, for example, about 0.9nm.
Each CoTaZr layer is a layer with an amorphous structure. The thickness of
each CoTalr layer is, for example, 20 to 27.5nm.

[0168]

25 The underlayer 18 is a layer for controlling the crystal structure of the
perpendicular magnetic recording layer 30. The underlayer 18 may be a
multilayer film of a plurality of kinds of films.  In this example, the underlayer 18

comprises a first orientation control layer, a second orientation control layer, an



The miniaturization promoting layer is a layer for promoting miniaturization of crystal grains of its upper
layer. In this example, the 25miniaturization promoting layer is a layer (CoCr-SiO2 layer) with a
nonmagnetic crystal grain granular structure in which SiO2 is segregated at the grain boundaries of
nonmagnetic CoCr crystal grains. In the miniaturization promoting layer, the CoCr crystal structure is,
for example, an hcp crystal 62 structure. The miniatlér'zation promoting layer may partly contain CoCr
with a bcc crystal structure. The content of Si02 in the miniaturization promoting layer is, for example,
about 12at% (e.g. 10 to 16at%). The thickness of the miniaturization promoting layer is, for example,

o B e R R e MAO R HRB T ARG or et o e

miniaturization promoting layer. he gran layer with'a granular structure in
which an oxide tvsetiregatecagibicgegiarb@indaries of miniaturized crystal grains, and is 10one
example of a main recording, layer. In this example, the granular layer 20 is a CoCrPt-Si02 layer and
contains magnetic grai §|§ a nonmagnetic substance magnetically isolating the magnetic grains at

the grain boundaries ofﬁhgm%%iﬁag{mrﬁnﬁ i Igri@gs‘t%;ép?og rlegﬁi ﬁ{?ZS%IKE %pr example,

i
20nm or less, preferably 8 to 16nm, and more pretérably 7 to 15nm (e.g. abdut m). [0173]
The magnéiic guaiersiatichefiirenstaolay eriddiatie tnmtabylaes Hetgibibineragedicutathisagnetic
anisotropy, and are a apﬁ?d to reverse their maE?Hnetic moments accordin\%ﬁ;oltf?1 a signal recorded in the
1

granular layer Z3*4MBE tHi§ 4SRRI AIOELAMLEN AR IO RXAF G P~ ¥R K Ficrystal structure.
The size (diamete qhlEePagRelis H AR IZ: SLEXREDIS & 10 ARBMIANA Praireallyd gad snm. The

width of the grain boundaries of the magnetic grains is 2nm or more, for example, 2 to 20nm and
preferably 4 to DSiime. fTsiconidatatisitiooniralndysn igldreseintienamdt@ngrainshe peeseuts, for
T R DA S A AL G S S e e
10 upper layer. In this example, the second orientation control layer is a Ru layer
with an hcp crystal structure.  The thickness of the second orientation contro!
layer is, for example, about 10nm.
[0170]
The isolation promoting layer is a iayer for separating the composition
15 of its upper layer to promote isolation of crystai grains. The isolation promoting
layer is formed by a sputtering method in a state where, for example, the gas
pressure is higher than that in forming the Ru layer being the second orientation
control layer. By this, the isolation promoting layer becomes a layer in which
crystals are small and crystal grains are away from each other. in this example,
20 the isolation promoting layer is a Ru layer with an hcp crystal structure. The
thickness of the isolation promoting layer is, for exampie, about 10nm.
[0171]
The miniaturization promoting layer is a layer for promoting
miniaturization of crystal grains of its upper layer. In this example, the
25  miniaturization promoting layer is a layer {CoCr-SiO» layer) with a nonmagnetic
crystal grain granular structure in which SiOs is segregated at the grain

boundaries of nonmagnetic CoCr crystal grains.  In the miniaturization

promoting layer, the CoCr crystal structure is, for example, an hep crystal



the granular layer 20. [0174] The nonmagnetic substance contained in the granular layer 20 is a 63
nonmagnetic oxide segregated at the grain boundaries of the magnetic grains. In this example, this
nonmagnetic substance is, for example, silicon oxide (Si02). As the nonmagnetic substance, use may
be made of, for example, titanium oxide (Ti02) instead of Si02. The content of Si02 or the like in the
5granular layer 20 is, for example, 10 to 16at% and %rfferably 12 to 14%. [0175] When, for
example, the content of Si02 or the like is set to 6at/0 or more, the SN ratio can be improved by
miniaturization of the nonmagnetic substance, but there is also a possibility of the occurrence of

degradation in Js%@ﬁj%\_/e 'ﬁg%%?aﬂﬁs%i%ﬁ&%&&] Sgﬁ%ggr%géﬁﬁ%gg%y F%r nttrélenl%geg thgﬁ-1 ranular layer

20 alone. Further, by this, therma a alone’Is considered to be

reduced. Howeiee, drythis exasnple, thheatineoust v ayehadrimiaimestiovesibadragular layer 20.
Therefore, even if the content of Si02 or the like in the granular layer 20 is increased, it is possible to

15 prevent the G¥Ririerioe HIAREIR pRBibivatie e 10 tortRaktiiplingedreoesp< 404 a layer for
ling th e . . ; |
controlling the %Hﬁ%ﬂh%ﬁﬁﬂ%ﬂ%%ﬁﬂﬂé@%?&r l?ff,%‘?%%%g%@ﬁ ?%/rﬁr Z%t"i‘ggerg@%%g&o us film

layer 24. In this example, the coupling trol [ayer 22 1s, for example, a P an fcc
crystal strusture20Tdittlei plenpssdifule cagplety contraldiayay@23s,ifobexampletznm or less and is, for
example, 0.5 to 1.5nm and preferably 0.7 to 1.0nm (e.g. about 0.8nm). The coupling control layer 22
may alternative[('BEWFIUOR PIRIIPYNIEMEE continuous film layer 24 is a layer in which exchange
coupling continuously Tétpfgs in a direction parallel to the main surface of the substrate 12. The
continuous film layer 24 is one example of an auxiliary magnetic layer and contains magnetic grains
that exhibit perpendicul@hengignetiar &ayiso&0py a2 layer with a granutar structure in which an

oxide is segregated at the grain boundaries of miniaturized crystal grains, and is
10 one example of a main recording layer. In this example, the granular layer 20

is a CoCrPt-SiO; tayer and contains magnetic grains and a nonmagnetic

substance magnetically isolating the magnetic grains at the grain boundaries of

the magnetic grains. The thickness of the granular layer 20 is, for example,

20nm or less, preferably 8 1o 16nm, and more preferably 7 to 15nm (e.g. about
15 9nm).

[0173]

The magnetic grains of the granuiar layer 20 are crystal grains that
exhibit perpendicular magnetic anisotropy, and are adapted to reverse their
magnetic moments according to a signal recorded in the granular layer 20. In

20 this example, these magnetic grains are CoCrPt with an hcp crystal structure.
The size (diameter) of the magnetic grains is, for example, 5 to 20nm and
preferably 8 to 15nm. The width of the grain boundaries of the magnetic grains
is 2nm or more, for example, 2 to 20nm and preferably 4 to 15nm. The width
of the grain boundaries of the magnetic grains represents, for example, an

25  average value of the widths of the grain boundaries of the magnetic grains in
the granular layer 20.

[0174]

The nonmagnetic substance contained in the granular layer 20 is a



64 These magnetic grains are magnetically exchange-coupled to the magnetic grains of the granular
layer 20 in a direction perpendicular to the main surface of the substrate 12. [0178] 5The width of the
grain boundaries of these magnetic grains is smaller than that of the grain boundaries of the magnetic
grains of the granular layer 20 and, for example, Inm or less and is, for example, 0.1 to inm and
preferably 0.3 to 0.8nm. By this, in the direction parallgl to the main surface of the substrate 12, the
magnetic grains of the continuous film layer 24 are 10 exchange-coupled to each other with a coupling
force greater than that between the magnetic grains of the granular layer 20. Therefore, with this

configuration, f ; innd inpi [Zat] ; ' j 24 using
magnetization (?116 ti@gﬁdﬁﬁggg%%éﬁiggo@s%%%ﬁ %%?g'?é’% %Lfﬁqe?rﬂ%ﬂ%ﬁﬁ%%%%érded
signals. The thibkites erdthee;dhismmsdgmetaysnlddands, i fexamplplel stiGmmypydeferably 3 to 6nm,

and more preferably 4 to 5nm. [0179 _ The ratio A/B between the thickness A of the granular layer
20 and the thic&ﬁéﬁyg)s &%ﬁ%%&r—nméaae‘fmw@@%% MSRMEYRRIRATE B 58k BraRIPably 203 to 4.

Wwith this configieatiom BiripesriiladasxhibitaiableRespndicWrs Magnels fiReFrANg
characteristics by the exchange coupling. A magnetic anisotropy constant (maximum anisotropy
energy) Kubof tigeamagnétieyBiing dfrthraropitndOus filbatidy endpisfdmbbxatpiet 4neferably greater
than that of the soft maﬁﬁﬁsubstance. With this configuration, it is possible to reduce the 25 width of
domain walls formed in ntinuous film layer 24. The magnetic anisotropy constant Ku of the

continuous film layer 24ymay, e @raatpdhaie hahahing granuaiiavie3e st1qeeisivg derce He of a

material forming the continuous film layer 24 may be, for example, smaller than that of the material 65
forming the magitite HaPh sllibsgrdsuimprayed 1y, 0N izatisnexXaiplonmagoatiauous film layer

B o A s S e gt e o meace
10 coercive force He, perpendicular magnetic anisotropy, or the like of the granular
layer 20 alone. Further, by this, the thermal stability of the granular layer 20
alone is considered to be reduced. However, in this example, the continuous
film layer 24 is formed over the granular layer 20. Therefore, even if the
content of SiOs or the like in the granular layer 20 is increased, it is possibie to
15 prevent the occurrence of these problems.
[0178]
The coupling control layer 22 is a layer for controlling the strength of
magnetic coupling between the granular layer 20 and the continuous film layer
24. In this example, the coupling control layer 22 is, for example, a Pd layer
20  with an fcc crystal structure.  The thickness of the coupling control layer 22 is,
for exampie, 2nm or less and is, for exampie, 0.5 to 1.5nm and preferably 0.7 to
1.0nm (e.g. about 0.8nm). The coupling control layer 22 may alternatively be a
Pt layer.
[0177)
25 The continuous film layer 24 is a layer in which exchange coupling
continuously extends in a direction paraliel to the main surface of the substrate
12. The continuous film layer 24 is one example of an auxiliary magnetic layer

and contains magnetic grains that exhibit perpendicular magnetic anisotropy.



layers 108 are alternately laminated by about three layers (e.g. two or three layers) for each. The CoCr
layer 106 is a layer containing magnetic grains of CoCr. The thickness of the CoCr layer 106 is, for
example, about 0.35nm. When the CoCr layer 106 is extremely thin as described above, the magnetic
10 grains of CoCr are not required to have a crystal structure. The CoCr layer 106 may contain, for
example, crystal grains of CoCr with an hpc crystal gucture. The Pd layer 108 is a nonmagnetic Pd
layer with an fcc crystal structure. The thickness of the Pd layer 108 is, for example, about 0.8nm.
When configured in this manner, interface magnetic anisotropy is generated at 15the interface

between the CeGplayerLAGRNGHANS Beblaves HAR-RY SIRRKAGLIRG IBKETS, 06 AnhAQR, for example,

by three layers for each, Tt is possible to obtain necessary perpendicular magnetic anisotropy. This
makes it possitgeatosretitree grenthickapss2if ihe doetiioo pefibeniigala? 4oabeompased adeh using, for
example, a single-layer continugus film layer 24. 20[0181] The continuous film layer 24 may have,
for example, a li%?/éfjpfgf@?d@f'the Pd layer 108. Further, the continuous film layer 24 may have a
CoB layer instead of thgyGe&r layer 106. The continuous film layer 24 may alternatively be a multilayer
film [CoX/Pd or PI]n in which layers of a Co 25compound and Pd layers or Pt layers are alternately
laminated By n layers foheashindictiratgaly pthenderigawbdbdimmagnelis prandés fonalample, a

ingle-layer film,with high P . Th i film layer 24 lternatively be a single-|
i of for exart e, COCINCURT, BPREPD! B CIECL RIS S er HElL A RUE s, SmCos

Nd2Fel4B, CoZARI&S: ordhpika ldldbss anthidhipesrampife isniationracierrsidamformed in part
of the continuous film layer 24. The isolation regions 202 are regions for Smagnetically isolating a

plurality of recoPeiri§ Fe8ihs fRniEadn Binslireptiorenaest bignagnasertadsefdspectively recorded,

in the perpendigyjar, maonete ecarding.iaver 30 s, exampleqhaselapneaions 202 are soft
magnetic regions and are forme ()3/ or éxample, changing the crystal’structure of the continuous film

layer 24 bring @e:namgayen e iy érrbemer iwadiattuplingdtieccoriingotsfilmdapetwdsiegions
where the isolation regions 202 are not formed serve as hard magnetic portions 204 that exhibit

perpendicular AR HSSIRYYEy ODBRASHHAEIRGEHREN rddiBFiTe Yt sRtOHTagRABLIC portions
204 will be des%'rbg)galﬂ}:%, @)}Brfﬂning (Pinning) magnetization of the continuous film layer 24

using magnetization of the granular layer 20, it is possible to improve the
thermal stability of recorded signals. The thickness of the continuous film layer
15 24 is, for example, 1 10 8nm, preferably 3 to 6nm, and more preferably 4 to
5nm.
[0179]
The ratio A/B between the thickness A of the granular iayer 20 and the
thickness B of the continuous fiim layer 24 is, for exampie,é to 5 and preferably
20 3to4. With this configuration, it is possible to exhibit suitable perpendicular
magnetic recording characteristics by the exchange coupling. A magnetic
anisotropy constant {(maximum anisotropy energy) Ku of the magnetic grains of
the continuous film layer 24 is, for example, preferably greater than that of the
soft magnetic substance. With this configuration, it is possible to reduce the
25 width of domain walls formed in the continuous film layer 24. The magnetic
anisotropy constant Ku of the continuous film layer 24 may be greater than that
of the granular layer 20. A coercive force Hc of a material forming the

continuous film layer 24 may be, for example, smaller than that of the material



15The protective layer 26 and the lubricating layer 28 are further formed over the continuous film layer
24. The protective layer 26 is a layer for protecting the perpendicular magnetic recording layer 30 from
an impact of the head. The protective layer 26 is, for example, a carbon-based film with a diamond-like
structure. The lubricating layer 28 is a layer for increasing the 20 lubricity between the head and the
magnetic recording medium 10. The lubricating layer,28 is, for example, a film of PFPE
(perfluoropolyether) formed by a dip coating method."[0184] In the manufacturing processes of the
magnetic recording medium 10, 25the respective layers from the adhesive layer 14 to the continuous

film layer 24 ar?oﬁﬁggqﬁf%%éwgfg?é%%ﬂ]g%ﬁﬁg ti ﬁﬁ[@% rrpagagorogo.Particularly, a DC magnetron

sputtering metho refera Se uniform ormations enabled. On the other hand, the
protective layer 26 is pfef@aply formed by a 67 CVD method. [0185] When forming the CoCr
layers 106 and the Pd layers 108 of the continuous film layer 24, it is preferable to use Kr as a

sputtering gas. With 5thisteSriprRiBnhheonterase iadarac 2hissifepsxagiplseaidre appropriately

generated by fqﬂy' ne ipt rfa AN , ){j he P nggr 108. The
CoCr layers 106 a#?d%ﬂae %s)f g@gﬁsglog %@%ﬁ?&n@% E&%ﬁ@géﬁé%%@] 61‘[‘[@3561]01 ere(?r?below, the
method of brmimgghetisalisotropgians 202 andithehét magnieticquartieng20406f dhe eentinuous film
layer 24 will be described in further detail. In this example, the isolation regions 202 and the hard

magnetic portioR¥&84 QRATE AIEINABY EEBRHRTIRY SO NG B8 vekss(8f WYPioh B irradiation
kst R L L e
multilayer film dEoie. CdQeltyekadsicohttkbthe G daperk0808, dsrtbracopitn abustid Sayer 24.
When the CoCr layer 108 is extremely thin as described above, the magnetic
10 grains of CoCr are not required to have a crystal structure. The CoCr layer
106 may contain, for example, crystal grains of CoCr with an hpc crystal
structure. The Pd layer 108 is a nonmagnetic Pd layer with an fcc crystal
structure. The thickness of the Pd layer 108 is, for example, about 0.8nm.
When configured in this manner, interface magnetic anisotropy is generated at
15  the interface between the CoCr layer 106 and the Pd layer 108. By stacking
the layers 106 and 108, for example, by three layers for each, it is possible to
obtain necessary perpendicular magnetic anisotropy. This makes it possible to
reduce the thickness of the continuous film layer 24 as compared with using, for
example, a single-layer continuous film layer 24.
20 [0181]

The continuous film layer 24 may have, for example, a Pt layer instead
of the Pd layer 108. Further, the continuous film layer 24 may have a CoB
layer instead of the CoCr layer 106. The continuous film layer 24 may
alternatively be a multilayer fiim [CoX/Pd or Pt]n in which layers of a Co

25 compound and Pd layers or Pt layers are alternately laminated by n layers for
each. Alternatively, the continuous film layer 24 may be, for example, a
single-layer film with high Pt content. The continuous fiim layer 24 may

alternatively be a single-layer film of, for example, CoCrPt, CoPt, CoPd, FePt,



[0187] The ion-beam irradiation process is a process of irradiating an ion beam 20 on part of the
continuous film layer 24 and forms the isolation regions 202 by soft-magnetizing regions irradiated with
the ion beam. Regions not irradiated with the ion beam are left remaining as the hard magnetic
portions 204. By this, the ion-beam irradiation process forms the isolation regions 202 and the hard
magnetic portions 204 in the continuous film layer 24,25[0188] Fig. 1 (b) shows a first example of
an ion-beam irradiation method. In this example, the ion-beam irradiation process uses a silicon stencil
mask 40 to set regions, to be irradiated with an ion beam 42, on the continuous film layer 68 24. Then,

the isolation regigpg; 28rye H?H@%@é(si"fBF‘@@BQrf@ﬁ%Beﬂa}ﬁ%%,;bvgﬁﬁﬁgiepﬁwé’%mthis

configuration, it is possible to accurately set the regions to be irradiate e ion beam 42.
Therefore, according t¢0tH8&lexample, the isolation regions 202 can be properly formed with high
accuracy. 5[0189] rein, the ion-beam irradiation_process forms the isolation regions 202, being

H r
soft magnetic, in the reIBi §ﬁ¥§g?8f8d"\3/9| '%%ﬂ\%’é&%ﬁ%érﬁ o6 %‘?ﬁ@o ﬁgﬁging the crystal

structure of the ganHNBOLS HMlayer 24 hnéhemarsayfidhe i@@zb&@%@%d@ fbis case, the ion-beam
irradiation process may 10form the isolation regions 202 so that the entire perpendicular magnetic

recording layerr3agasiitshingaiadig snbiaraliyer 2ecarding (riing TbatrobRafep PRl amieme continuous

film layer 24 exhibits the soft Wagn?ti%gro erti?s. The ion-be mi(radiation rocess referably forms
. , [agnejis-sjdnals are 10 r?Fs); echively recorded. In the perpend armngnetac
the isolation regioris VINng ah axis of €asy magnétization in arn m-plane directionparallel to the

main 15surfacegddhirsiagtas®d 1211\l thisrepriigbsationtibisragraiblede mersannaepeately block a
recording magnetic field extending in the direction parallel to the main surface of the substrate 12 by
the isolation redfSiRNSGI @18 M MeERiISexanmiample.hangivashamnsier snmurahinglayer film of

the 20CoCr laygra s&ﬂim?agg'éxeo@&é?ﬁ«g S laet %!1“?0‘??58%??1 IﬂS&SﬁBﬁT‘diﬁ“'ar magnetic

anisotropy due to the interface magnetic ariisotropy. Thé ion-beam irfadiation process forms the

isolation regions2@3inircadistmdaiie ©n hegiond doerghisansditaier fHgioiesfo0P aie aloy of metals

contained in the CoB layers 106 and the Pd layers 108 of the multilatyer film,dtes ectively.t.
perpendicuiar magnetic

formed serve as hard magnetic portions 204 that exhibi
anisotropy. Details of the isolation regions 202 and the hard magnetic portions
204 will be described later.

[0183]

15 The protective layer 26 and the lubricating layer 28 are further formed
over the continuous film layer 24. The protective layer 26 is a layer for
protecting the perpendicular magnetic recording fayer 30 from an impact of the
head. The protective layer 26 is, for exampie, a carbon-based film with a
diamond-like structure. The lubricating iayer 28 is a layer for increasing the

20  lubricity between the head and the magnetic recording medium 10. The
lubricating layer 28 is, for example, a film of PFPE (perfiuoropolyether) formed
by a dip coating method.

[0184]
In the manufacturing processes of the magnetic recording medium 10,

25  the respective layers from the adhesive layer 14 to the continuous film layer 24
are each preferably formed by a sputtering method. Particularly, a DG
magnetron sputtering method is preferable because uniform film formation is

enabled. On the other hand, the protective layer 26 is preferably formed by a



25This makes the interface state of the isolation regions 202 different from that of the hard magnetic
portions 204 being the regions not irradiated with the ion beam so that the isolation regions 202
become soft magnetic regions that exhibit substantially no perpendicular magnetic anisotropy due to
interface 69 magnetic anisotropy. Therefore, according to this example, the isolation regions 202 can
be properly formed by ion-beam irradiation. Further, gis possible to form the isolation regions 202
substantially only in the continuous film layer 24 among the respective layers included in the
perpendicular 5Smagnetic recording layer 30. [0191] Herein, in this example, the ion-beam
irradiation procesgy¥eraiadhe isolation regions 202 by changing the interface state of the continuous
film layer 24 by ion-beam irradiation. This change in interface state occurs with a 10 smaller ion beam
dose (Dose) as compal@Bhiith, for example, the case of changing the state of the continuous film layer

24 over the entire thickness thereof. Therefare, according to, this mple, the isolation regions 202
can be properly formelép@’lﬁlu1 CLRSR ig}? é‘goagﬁelgggés_ I@Jgt%é’fj }ﬂqtﬁé%sfipg% e, since it
becomes possibigianarsauralsgaeeAlfesterhy dbien aeaRr:. AbipsrhRaRhy Getiatigp;gan be

performed with higher accuracy. This makes it possible to accurately form theisolation regions 202.
[0192] Furfher, tHe ¢sotigisiatieqidhe Poorfaeergagieticaanisdboparcae hermet\aithramasdler ion beam

e solaton regns 308 B4 S oA SHEa (b h R A A oL o form
the isolation regicinay282 106h hiche Cacutgeys (00O 3hFimers iany/ing aidhesasineous film layer
24 showing POSIiUR Metnoa.

[0186]

10 Hereinbelow, the method of forming the isolation regions 202 and the
hard magnetic portions 204 of the continuous film layer 24 wili be described in
further detail. In this example, the isolation regions 202 and the hard magnetic
portions 204 are formed by a recording layer forming process and an ion-beam
irradiation process. The recording layer forming process is a process of

15 forming the granular layer 20, the coupling control layer 22, and the continuous
film layer 24 over the underlayer 18 and forms the multilayer film of the CoCr
layers 106 and the Pd layers 108 as the continuous film layer 24.

[0187]
The ion-beam irradiation process is a process of irradiating an ion beam

20 on part of the coniinuous film layer 24 and forms the isolation regions 202 by
soft-magnetizing regions irradiated with the ion beam. Regions not irradiated
with the ion beam are left remaining as the hard magnetic portions 204. By
this, the ion-beam irradiation process forms the isolation regions 202 and the
hard magnetic portions 204 in the continuous film layer 24,

25 [0188]

Fig. 1 (b) shows a first example of an ion-beam irradiation method. in
this example, the ion-beam irradiation process uses a silicon stencili mask 40 to

set regions, to be irradiated with an ion beam 42, on the continuous film layer



25 the isolation regions 202 and the hard magnetic portions 204. In the figure, white portions and black
portions in the hard magnetic portions 204 represent the difference in magnetization direction due to
the difference in information recorded in respective bits on tracks. In this example, the ion-beam
irradiation 70 process irradiates an ion beam on guard band regions each being a gap region between
the adjacent tracks. Therefore, the isolation regions gdgz are each formed in the guard band region.
Regions corresponding to the tracks become the hard magnetic portions 204. In the granular layer 20,
the tracks are 5defined by magnetic influence received from the continuous film layer 24. [0194]

With this confighation, dhe et PAFHRY YUY 4RO RIRTEEAY FARQINPIHY dhcsaiaton regions

202. Therefore, it is possible to make the' magnetic recording medium 10 (see Fig. 1) properly function
as a DTR mediomtit@Eusediendor Bktniple conitgutatiaradkie dgesinstisceduately bytttis, it is possible

to reduce the track width (Erase width) and thus to improye the track density. [0195] =~ Further,
when configure?fﬂﬁ%?s%?ré%%ar?ﬂg%?mﬁigﬁ reg§ibH rg&bei%%eﬁgc’%ft% H[glﬂbtpewﬁns prevent a
magnetic field figanaxiensingdintin 1oglbastiamRaralel srdperinsiuiass fdhesthelpte 12 (see
Fig. 1) between the tracks. Therefore, with this configuration, when recording a magnetic signal on the

track, it is fossible to bl8&RY recording magnetic field extending toward the outside of the track,

thereby making the boundariegs of. the recording magnetic field, sharp, This makes it possihle to
properly prevent the inf Gence 86??2%6%%6Fr ﬁ' Rﬁ’gg?@ﬁ??ﬁed@ [ @eiﬁ%}%ﬁ?&t@?@ﬂ%ﬁgﬁdjment
tracks. Thereforiageordnadadits iextagpigionaanaiiatiseatianheessdhedsasksqgan be more

appropriately carried out. [0196] The track width L1 of the magnetic recording medium 10 is, for

example, 25 1@(’!36’Qt@@ﬁﬁﬁﬁﬁ@@?é%@éﬁiﬂ%ﬂ@%@%ﬁﬂq pRAtECRUAEIERIPAER BIYCHEL2 being a
e o S A N i dgp o 2
example, 80 to f@nnthe ksolation regions 202 so that the entire perpendicular magnetic
recording layer 30 combining the granular layer 20, the coupling control layer 22,
and the continuous film layer 24 exhibits the soft magnetic properties. The
ion-beam irradiation process preferably forms the isolation regions 202 having
an axis of easy magnetization in an in-plane direction paraliel to the main
15 surface of the substrate 12.  With this configuration, it is possible to more
appropriately block a recording magnetic field extending in the direction parallel
to the main surface of the substrate 12 by the isolation regions 202.
[0190]
In this example, the continuous film layer 24 is the muitilayer film of the
20  CoCr layers 106 and the Pd layers 108. This multilayer film exhibits the
perpendicular magnetic anisotropy due to the interface magnetic anisotropy.
The ion-beam irradiation process forms the isolation regions 202 by irradiating
the ion beam 42 on this multilayer film to form an alloy of metals contained in
the CoB layers 106 and the Pd layers 108 of the multilayer film, respectively.
25  This makes the interface state of the isolation regions 202 different from that of
the hard magnetic portions 204 being the regions not irradiated with the ion
beam so that the isolation regions 202 become soft magnetic regions that

exhibit substantially no perpendicular magnetic anisotropy due to interface



and preferably 40 to 60nm. For example, when it is not necessary to block extension of a recording
magnetic field by soft magnetic regions because of the track interval being large or the like,
nonmagnetic regions may be formed as isolation regions 202. 5[0197] Isolation regions 202 may
further be formed in regions each located between bits to be recorded on the tracks. With this
configuration, it is possible to make the magnetic rec&sding medium 10 function as a patterned
(bit-patterned) medium. 10[0198] Figs. 3 and 4 are graphs showing the states of changes in
magnetic properties by ion-beam irradiation on multilayer films each being the same as the continuous

fim layer 24. T shieRRANRIBRREATHKRABNOD CANdINGTS HOL BSRANTIGHS KeaRaglve madnetic

properties shown in the grap Figs. ercive and squareness ratios S in
the respective magmnesicfeeperbeBrable itrsam e ispasiesdiosalision) emengyéayisHe S D1 AK'

>-0E+153038 86052552 to form the isoiation regions 202 substantiaily only in the continuous
film layer 24 among the respective layers included in the perpendicular
5 magnetic recording iayer 30.
[0191]
Herein, in this example, the ion-beam irradiation process forms the
isolation regions 202 by changing the interface state of the continuous film layer
24 by ion-beam irradiation. This change in interface state occurs with a
10 smaller ion beam dose (Dose) as compared with, for example, the case of
changing the state of the continuous film layer 24 over the entire thickness
thereof. Therefore, according to this example, the isolation regions 202 can be
properly formed with a small ion beam dase. Further, in this case, for example,
since it becomes possible to narrow a range affected by the ion beam,
15 lon-beam irradiation can be performed with higher accuracy. This makes it
possible to accurately form the isolation regions 202.
[0192]
Further, the isolation regions 202, being soft magnetic, can be formed
with a smaller ion beam dose as compared with, for example, nonmagnetic
20 regions. Therefore, according to this example, the isolation regions 202 can
be formed with a smaller ion beam dose. This makes it possible to form the
isolation regions 202 with higher accuracy.
[0193]
Fig. 2 is a top view of the continuous film layer 24 showing positions of
25  the isolation regions 202 and the hard magnetic portions 204. in the figure,
white portions and black portions in the hard magnetic portions 204 represent
the difference in magnetization direction due to the difference in information

recorded in respective bits on tracks. In this example, the ion-beam irradiation
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process irradiates an ion beam on guard band regions each being a gap region
between the adjacent tracks. Therefore, the isolation regions 202 are each
formed in the guard band region. Regions corresponding to the tracks become
the hard magnetic portions 204. In the granular layer 20, the tracks are
5 defined by magnetic influence received from the confinuous film iayer 24.
f0194]

With this configuration, the tracks are magnetically isolated from each
other by the isolation regions 202. Therefore, it is possibie to make the
magnetic recording medium 10 (see Fig. 1) properly function as a DTR medium.

10 Further, for example, since the track edge noise is reduced by this, it is possible
to reduce the track width (Erase width) and thus to improve the track density.

[0195]

Further, when configured in this manner, the isolation regions 202 being
the soft magnetic regions prevent a magnetic field from extending in the

15 direction paraliel to the main surface of the substrate 12 (see Fig. 1) between
the tracks. Therefore, with this configuration, when recording a magnetic
signal on the track, it is possible to block a recording magnetic field extending
toward the outside of the track, thereby making the boundatries of the recording
magnetic field sharp.  This makes it possible to properly prevent the influence

20  of the recording magnetic field from being exerted on the adjacent tracks.
Therefore, according to this example, magnetic isolation between the tracks can
be more appropriately carried out.

[0196]

The track width L1 of the magnetic recording medium 10 is, for exampile,

25 100 to 200nm and preferably 135 to 165nm. The track interval (track pitch) L2
being a distance from the center of the track to the center of the adjacent track
is, for example, 150 to 250nm and preferably 180 to 220nm. The width L3 of

each isolation region 202 in a track width direction is, for example, 30 to 70nm
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and preferably 40 to 60nm. For example, when it is not necessary to block
extension of a recording magnetic field by soft magnetic regions because of the
track interval being large or the like, nonmagnetic regions may be formed as
isolation regions 202.

5 [0197]

Isolation regions 202 may further be formed in regions each located
between bits to be recorded on the tracks. With this configuration, it is
possible to make the magnetic recording medium 10 function as a patterned
(bit-patterned) medium.

10 [0198]

Figs. 3 and 4 are graphs showing the states of changes in magnetic
properties by ion-beam irradiation on multilayer films each being the same as
the continuous film layer 24. Table 1 shows ion-beam irradiation conditions
corresponding o respective magnetic properties shown in the graphs of Figs. 3

15 and 4 and coercive forces Hc and squareness ratios S in the respective

magnetic properties.

[Table 1}

sample species dose(/cm?®) | energy(keV) | Hc S

D1 A 5.0E+15 30 38 0.07
D3 Art 1.0E+15 30 230 1.00
D5 Ar 5.0E+14 30 527 1.00
D7 Ar* 5.0E+15 20 57 0.12
D9 Art 1.0E+15 20 376 1.00
D11 Ar* 5.0E+14 20 911 1.00
D13 Ar* 5.0E+15 10 151 0.21
D15 Ar 1.0E+15 10 1585 1.00
D17 Ar* 5.0E+14 10 2337 1.00
D19 Ar* 5.0E+15 5 1028 0.86
D21 Ar 1.0E+15 5 2488 1.00
D23 Ar’ 5.0E+14 5 2993 1.00
D25 reference(no) 0 0 4275 1.00
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[0199]

As seen from Table 1 and Figs. 3 and 4, when the ion beam dose
(Dose) is set to 1x1 0'° to 5x1 015/cm2, the coercive force Hc becomes small.
This represents that a region irradiated with an ion beam is soft-magnetized.
From this result, it is seen that if regions to be irradiated with an ion beam are
set by, for example, the method described using Fig. 1 (b) or the like, it is
possible to properly form isclation regions 202 and hard magnetic portions 204
in a continuous film layer 24. When the ion beam dose (Dose) is set to
5x1 015/cm2, the squareness ratio S becomes small.  This represents that a
soft magnetic region having an axis of easy magnetization in an in-plane
direction parallel to a main surface of a substrate 12 is formed by ion-beam
irradiation.

[0200]

The ion beam dose (Dose) may be greater than 5x1 0'%em®. For
example, the ion beam dose (Dose) may be 1x10" t0 5x10'%cm®.  When
forming the soft magnetic region having the axis of easy magnetization in the
in-plane direction parallel to the main surface of the substrate 12, the ion beam
dose (Dose) is preferably set to, for example, 5x10'° t0 5x10'%cm?.  1f the ion
beam dosé (Dose) is too small, a region irradiated with an ion beam does not
become soft magnetic. f it is too large, the process takes time, which is thus
not efficient.  Further, there is also a possibility that a region irradiated with an
ion beam is etched.

[0201]

The ion irradiation energy is preferably set to 5 to 30KeV and more
preferably 10 to 30KeV. I[f the energy is too small, the soft magnetic region
cannot be properly formed. | the energy is large, a nonmagnetic isolation
region 202 is formed in a region irradiated with an ion beam. if the energy is

oo large, there is a possibility that an ion beam passes through the layer and



Ard 5.0E+14 5 2993 1.00 025 reference(no) 0 0 4275 1.00 72 [0199] As seen from Table 1 and
Figs. 3 and 4, when the ion beam dose (Dose) is set to 1 x1015 to 5x10151cm2, the coercive force Hc
becomes small. This represents that a region irradiated with an ion beam is soft-magnetized. 5From
this result, it is seen that if regions to be irradiated with an ion beam are set by, for example, the
method described using Fig. 1 (b) or the like, it is pos/gible to properly form isolation regions 202 and
hard magnetic portions 204 in a continuous film layer 24. When the ion beam dose (Dose) is set to
5x1015/cm2, the squareness ratio S becomes small. This represents that a 10soft magnetic region

ha\{ing an axis ﬁfrﬁ%?yemi,ﬁl%h&%%'ﬁlmqi%Pn parallel to a main surface of a substrate
12 is formed by ion-beam irradiation.

[0202]

The jon-beam irradiation process may irradiate, for example, an ion
beam of phosphorus ions (P*) or the like.  Alternatively, use may be made of

5 anion beam of He, B, C, N, Ne, Ar, Cr, Co, Kr, Xe, Pt, or the like.

[0203]

Fig. 5 shows a second example of an ion-beam irradiation method in
the ion-beam irradiation process. In this example, the ion-beam irradiation
process uses a resist mask 44 formed by the nanoimprint technigue.

10 [0204]

In this lon-beam irradiation process, as shown in Fig. 5 {a), the resist
mask 44 is formed by, for example, using a nanoimprint mold 46 to emboss a
resist film coated on a continuous film layer 24. Then, as shown in Fig. 5 (b),

- irradiation of an ion beam 42 is carried out using the resist mask 44 as a mask,
18 thereby forming isolation regions 202 in the continuous film layer 24.

[0205]

After forming the isolation regions 202, as shown in Fig. 5 (¢}, the resist
mask 44 is removed by, for example, ashing and cleaning. Also with this
configuration, the isolation regions 262 can be properly formed. After the

20  ion-beam irradiation process, for example, as shown in Fig. 5 (d), a
carbon-overcoat protective layer 26 is formed on the continuous film layer 24.
[0206]
{Embodiment 2)
Hereinbelow, another embodiment according 1o this second invention
25  will be described with reference to Fig. 7.

in this example, a magnetic recording medium 10 comprises a

substrate 12, an adhesive layer 14, a soft magnetic layer 16, an underiayer 18,

a perpendicular magnetic recording layer 30, a protective layer 26, and a



[0200] The ion beam dose (Dose) may be greater than 5x1014/CM2. For 15 example, the ion beam
dose (Dose) may be 1x1014 to 5x1016/cm2. When forming the soft magnetic region having the axis of
easy magnetization in the in-plane direction parallel to the main surface of the substrate 12, the ion
beam dose (Dose) is preferably set to, for example, 5x1015 to 5x1016/cm?2. If the ion beam dose
(Dose) is too small, a region irradiated with an ion begm does not 20 become soft magnetic. If it is too
large, the process takes time, which is thus not efficient. Further, there is also a possibility that a
region irradiated with an ion beam is etched. [0201] The ion irradiation energy is preferably set to 5 to

30KeV and movg2Greieraply 38 19 ARKAYeA! LERIBNL 100 3Rl 8 SofL ARG eaion cannor

be properly formed. If the enhergy is large, a nonmagnetic Isolation region In a region

irradiated with & icorgeeses H trerenardgys 20 dage misgreciscalyossillity tagtafdombeam passes
through the layer and 73 further exerts an influence upon a lower layer. [0202] The ion-beam

irradiation proc&8SHRUQUR YT D B R0ARIEYEN iSREEthibH 8 Riorus ions (Pt) or the like.
Alternatively, use may RetmadRLhpRNMIMN RBAILH HE Re GalediRe ALHLhdSoie, PL or the like.

[0203] Fig. 5 shows a second example of an ion-beam irradiation method in the ion-beam irradiation
process. InGthismegangbie Japer ivH-beammiteskiggiotBpibe exsigstiva aysisE faskl 4deforomedtingthe

nanoimprint techni 10[0204 In this ion-heam irradiation process, as shown in Fig. 5 (a), the
resist mask 44 @ﬁﬁ&’éﬁgﬁo%@mﬁ@%ﬁda %%%8%{3??&9%58"4%@% 8@%%%4? Yim coated
on a continuougiElErises #krddran.agigb@wn in Fig. 5 (b), irradiation of an ion beam 42 is carried out

using the resist mask 44 as a mask, 15thereby forming isolation regions 202 in the continuous film
layer 24. [6207]

in the embodiment 2, the magnetically coupling layer forms a thin film,

10 which exhibits perpendicular magnetic anisotropy, on the magnetic recording
layer with a granular structure and is magnetically coupled to the perpendicutar
magnetic recording layer by exchange interaction between the magnetic
recording layer and the magnetically coupling layer that is magnetically coupled
to magnetic grains in the magnetic recording layer.

15 As an example of the magnetically coupiing layer, there can be cited an
alloy-based material such as CoCr, CoCrTa, CoCrPt, CoCrPtTa, or CoCrPiB.

The magnetically coupling layer preferably contains at least CoCrPt and,
if it mainly contains CoCrPt, it is possible to add high heat resistance in addition
to high-density recordability and low noise of the granular layer.

20 The magnetically coupling layer has a non-granuiar structure containing
no metal oxide or nitride at the grain boundaries (nonmagnetic grain
boundaries) of magnetic grains.

The thickness of the magneticaliy coupling layer is, for example, 1 to
10nm and preferably 2 to 9nm.

25 The thickness of the magnetically coupling layer is preferabiy half or
less of that of the granular layer and more preferabiy one-third or less thereof.
The lower limit of the thickness is greater than zero and is preferably set to a

value that enables the magnetically coupling tayer to exhibit its function.



[0205] After forming the isolation regions 202, as shown in Fig. 5 (c), the resist mask 44 is removed by,
for example, ashing and cleaning. Also with this configuration, the isolation regions 202 can be
properly formed. After the 20ion-beam irradiation process, for example, as shown in Fig. 5 (d), a
carbon-overcoat protective layer 26 is formed on the continuous film layer 24. [0206] (Embodiment 2)
Hereinbelow, another embodiment according to this $ cond invention 25will be described with
reference to Fig. 7. In this example, a magnetic recording medium 10 comprises a substrate 12, an
adhesive layer 14, a soft magnetic layer 16, an underlayer 18, a perpendicular magnetic recording
layer 30, a protective '%ﬁb , and a 74 lubricating layer 28 in this order. The perpendicular magnetic
recording layer 30 comprises a granular layer 20 and a magnetically coupling layer 24' (not continuous
layers but a single layel) tiacketadithenbidénelgritisiextaypptes threfenbislyate 12, the adhesive layer 14,

are the same a6 HS ke ko Shert UHEET< R ARHERES o TS eSS RURSot is it
[0207] In the emiyedimBRirérdbG Suagnmier!ty £oBHOEHAYRE fOrMEA HiBHTherefor will be
5 described hereinbelow.
When the granular layer is a CoCrPt-SiO; layer, a high SN ratio cannot
be obtained uniess the thickness of the magnetically coupling layer is set to a
certain high value. However, as the thickness of the magnetically coupling
layer increases, the coercive force Hc decreases. Further, if the thickness of

10 the magnetically coupling layer is large, since it is necessary to change the
properties over the entire thickness, the change in properties (e.g. soft
magnetization) by ion-beam irradiation is hard to occur.

In contrast, when the granular layer is the CoCrPt-SiO5-TiO» layer, the
grain boundaries of magnetic grains in the granular layer become clearer as

15 compared with the case where the granular layer is the CoCrPt-SiOs layer, and
thus the coercive force Hc becomes higher as compared with the case where
the granular layer is the CoCrPt-SiOs layer.  Therefore, even if the thickness of
the magnetically coupling layer is set relatively thin as compared with
conventional values, a relatively high coercive force Hc can be obtained.

20 If the thickness of the magnetically coupling layer can be made thin, it is
possible to properly carry out magnetic isolation between recording regions in
addition to the fact that the change in properties (e.g. soft magnetization) by
ion-beam irradiation is facilitated. Therefore, for example, it is possible to
make the magnetic recording medium properly function as a DTR medium or a

25  patterned medium.

[06209]
in this example, isolation regions 202 are formed in part of the

magnetically coupling layer 24'.  The isolation regions 202 are regions for



10which exhibits perpendicular magnetic anisotropy, on the magnetic recording layer with a granular
structure and is magnetically coupled to the perpendicular magnetic recording layer by exchange
interaction between the magnetic recording layer and the magnetically coupling layer that is
magnetically coupled to magnetic grains in the magnetic recording layer. 15As an example of the
magnetically coupling layer, there can be cited an allgy-based material such as CoCr, CoCrTa,
CoCrPt, CoCrPtTa, or CoCrPtB. The magnetically coupling layer preferably contains at least
CoCrPt and, if it mainly contains CoCrPt, it is possible to add high heat resistance in addition to

high-density recRigABILAIRNCAINBSAREIRE ArARIRY DY RIGBAL O MRdRRIALY Siing laver has a

non-granular structure containing no metal oxide or nitride af'the grain boundaries (nonmagnetic grain
boundaries) of magnefic gigaiis.are (oThe dplectvsipfehentedrietibalyecpendicgEy®atmdic example, 1

to IOnm and preferahly 2 to 9nm. 25The thickness of the magnetically coupling layer is preferably half
or less of that oftHe’ @a‘&%ﬁﬁ er ghﬁ’ﬁﬁ@ ?en%ﬁlﬁl%[%’-%’?if&gipég @f@o?.o%{ﬁ%algﬂ%iclimit of the
thickness is greatgbHiaihaar antisrefemlidhsebio anwidmidcansbissshe-magpetically coupling

layer to exhibit its function. 75 [0208] In the embodiment 2, the granular layer is preferably a
CoCrPt-Sif2-TioRgapdicativ gnep)itkblayRkaé Seetigresmaim&ical firoduplimgheager igadisfiivably set

thinner than conventional. The reasons therefor will be 5 described hereinbelow. . n the
granular layer i@ﬁ&?&&?@ﬂ%@&%ﬁk‘y‘%‘ﬁ}’ a{’lﬂgﬁ’gr ratir(g}%%?ﬁﬁovtv%%r% ?&ﬁ%ﬁqﬁﬁ%ng&‘%:gggwess of the
magnetically castpling: lyeiets Seito eRf@im Mgk titbet bieyveyethasdheshipknsssatile

magnetically coupling layer increases, the coercive force Hc decreases. Further, if the thickness of
10the magneticaRPBBlIHRAPAIREMS large, since it is necessary to change the properties over the
entire thickness, the c qg]in properties (e.g. soft magnetization) by ion-beam irradiation is hard to
occur. In contrast, when'the granular layer is the CoCrPt-5i02-Ti02 layer, the grain boundaries of

magnetic goains in the giarinbelayetHecemedigiignisg the isolation regions 202 and the
hard magnetic portions 204 of the magnetically coupling layer 24’ will be
described in further detail. In this example, the isolation regions 202 and the
hard magnetic portions 204 are formed by a recording layer forming process
and an ion-beam irradiation process. The recording layer forming process is a
15 process of forming the granular layer 20 and the magnetically coupling layer 24
over the underlayer 18 and forms, as the magnetically coupling layer 24, a
single-layer film being a CoCrPt layer or a CoCrPtB layer.
[0211]
The ion-beam irradiation process is a process of irradiating an ion beam
20 on part of the magnetically coupling layer 24" and forms the isolation regions
202 by soft-magnetizing regions irradiated with the ion beam. Regions not
irradiated with the ion beam are left remaining as the hard magnetic portions
204. By this, the ion-beam irradiation process forms the isolation regions 202
and the hard magnetic portions 204 in the magnetically coupling layer 24'.
25 [0212]
Fig. 1 (b) shows a first example of an ion-beam irradiation method. In
this example, the ion-beam irradiation process uses a silicon stencii mask 40 to

set regions, to be irradiated with an ion beam 42, on the magnetically coupling



15 compared with the case where the granular layer is the CoCrPt-Si02 layer, and thus the coercive
force Hc becomes higher as compared with the case where the granular layer is the CoCrPt-Si02
layer. Therefore, even if the thickness of the magnetically coupling layer is set relatively thin as
compared with conventional values, a relatively high coercive force Hc can be obtained. 20If the
thickness of the magnetically coupling layer can be made thin, it is possible to properly carry out
magnetic isolation between recording regions in addition to the fact that the change in properties (e.g.
soft magnetization) by ion-beam irradiation is facilitated. Therefore, for example, it is possible to make

the magnetic reggeqing. MeHbHIREOREIAYSHNSIRARLADIR MRALID Pl AdR ARGk medium. [0209]

In this example, isolation regions 202 are formed in part of the magnetically coupling layer 24'. The
isolation regionSS0R 42c0retioss fegions malyitbtibid ipastitunagienpltistiyssitledordaog natgipns from

each other, where magnetic signals are to be respectively recorded,.in the perpendicylar magnetic
recording Iayersfg.{ﬁ? t elg'%?(%l?% 8,'(?1%%@%%%6&&%%% éﬁﬁrgr%%sofiﬁféa ﬁc%ﬁ%ﬁ‘g%mj are formed
by, for examplejrehargingisheenssiatistiustise obtiecorpronelicallyisruelingilR Y24’ being a
single-layer film by ion-beam irradiation. In the magnetically coupling layer 24', regions where the

isolation regiond%@Pagte not formed serve as hard magnetic portions 204 that exhibit perpendicular
magnetic anisotropy. [(@%% OHereinbelow, the method of forming the isolation regions 202 and the
hard magnetic portions 204 0f the magnetically coupling layer 24" will be described in further detail. In

this example, the isolatieneiegingsc2CBeand irgdharenpransic parinnm39d.aIefesgendyoa recording
layer forming process and an ion-beam irradiation process. The recording layer forming process is a

15process of foRRifgIpk @?&ﬂﬂ%@sl%@%@@ﬁﬂ%@%@&%ﬂ@ﬁ"%@ﬁlw by’ ®er the underlayer
R e R T R
part of thel nagttetiealygyanfitiegdayssa?d'4ind torths tsésaladiamregionsiradiation process
may form the isolation regions 202 so that the entire perpendicular magnetic
recording layer 30 combining the granular layer 20 and the magnetically
coupling layer 24 exhibits the soft magnetic properties. The ion-beam
irradiation process preferably forms the isolation regions 202 having an axis of
15 easy magnetization in an in-plane direction paralle! to a main surface of the
substrate 12.  With this configuration, it is possibie to more appropriately block
a recording magnetic field extending in a direction parallel to the main surface of
the substrate 12 by the isolation regions 202.
[0214]
20 In this example, the magnetically coupling layer 24' is the single-layer
film being the CoCrPt layer or the CoCrPiB layer. This single-layer film
exhibits perpendicular magnetic anisotropy due to interface magnetic anisotropy.
The ion-beam irradiation process forms the isolation regions 202 by irradiating
the ion beam 42 on this single-layer film to form an alloy of metals contained in
25  the single-layer film. This makes the interface state of the isolation regions
202 different from that of the hard magnetic portions 204 being the regions not
irradiated with the ion beam so that the isolation regions 202 become soft

magnetic regions that exhibit substantially no perpendicular magnetic



202 by soft-magnetizing regions irradiated with the ion beam. Regions not irradiated with the ion beam
are left remaining as the hard magnetic portions 204. By this, the ion-beam irradiation process forms
the isolation regions 202 and the hard magnetic portions 204 in the magnetically coupling layer 24'.
25[0212] Fig. 1 (b) shows a first example of an ion-beam irradiation method. In this example, the
ion-beam irradiation process uses a silicon stencil mggk 40 to set regions, to be irradiated with an ion
beam 42, on the magnetically coupling 77 layer 24. Then, the isolation regions 202 are formed by
irradiating the ion beam 42 on those regions. With this configuration, it is possible to accurately set the

O o e SR LR PR RS o LR SRt ARSP AR IR SRR, TacReIato"

regions 202 can be properly formed with high 5accuracy. rein, eam irradiation
process forms theeigyitioher egilatio2 68yibesr@p20tambgmetipeily theregitysdrastiatad with the ion
beam 42 by, for, ex&rgp#ée, ctlll_an inlg the crystal structure of the magnetically coupling layer 24 by 10the
energy of the o BR&HP42. nufﬁi"? A48 AARSIBIR MR P AR RIMIBR NS KD FosHP R Tidltion
regions 202 so i) {harRIWIEGRBIRANFEUBIAGDENe o6PIRINLLNR 20 ERIBTTipg fae granular layer
20 and the magnetically coupling layér 24 exhibits the soft magnetic propefties. The ion-beam
irradiation frocdke pespandinufarmaghetisoltidingdiyes 302 having an axis of 15easy magnetization
in an in-plane directioné? qaéﬁel to a main surface of the substrate 12. With this configuration, it is
possible to more appropriately block a recording magnetic field extending in a direction parallel to the

main surface of the subgtiatp 13 wStléQéﬁWéEQHéﬁ?&ipB@a?ﬂ%r%{’dr@wé@%% farARaRie, the
magnetically coupling layer 24" is the single-layer film being the CoCrPt layer or the CoCrPtB layer.

This single-layeffilpiiexiiagianse?gamyichrngingihstinieniaon styielobthe imeghmticaizgnetic anisotropy.
The ion-beam irradjati rocess forms the isolation. regions.202 by irradiating the jon beam 42 on this
égﬁ@ﬁﬁ}aaﬁ,& Eésoiy hetals contat |ag| 'Ssﬁf_'&lé/g%ﬁ)yrﬂﬁ’ﬁ% T8 %kes the

single-layer filmto alloy of metals containe o5t

interface state afoterésnlatiannegions? @2 aliffe (Dyvchat ebHBdiasvirope isprpianse04 being
the regions not case of changing the state of the magnetically coupling layer 24' over the entire
thickness thereof. Therefore, according to this example, the isolation regions
202 can be properly formed with a small ion beam dose. Further, in this case,
for example, since it becomes possible to narrow a range affected by the ion
15 beam, ion-beam irradiation can be performed with higher accuracy. This
makes it possible to accurately form the isolation regions 202.
[0218]
Further, the isolation regions 202, being soft magnetic, can be formed
with a smaller ion beam dose as compared with, for example, nonmagnetic
20 regions. Therefore, according to this example, the isolation regions 202 can
be formed with a smaller ion beam dose. This makes it possible to form the
isolation regions 202 with higher accuracy.
[0217]
Fig. 5 shows a second example of an ion-beam irradiation method in
25  the ion-beam irradiation process. In this example, the ion-beam irradiation
process uses a resist mask 44 formed by the nanoimprint technique.

[0218]

In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist



irradiated with the ion beam so that the isolation regions 202 become soft magnetic regions that exhibit
substantially no perpendicular magnetic 78 anisotropy due to interface magnetic anisotropy.
Therefore, according to this example, the isolation regions 202 can be properly formed by ion-beam
irradiation. Further, it is possible to form the isolation regions 202 substantially only in the magnetically
coupling layer 24" of the respective layers included ir,§the perpendicular magnetic recording layer 30.
[0215] Herein, in this example, the ion-beam irradiation process forms the isolation regions 202 by
changing the interface state of the magnetically coupling layer 24 by ion-beam irradiation. This change

in interface statgAgkoREW fopiBAFMBN RS IRANIS AR HGSERRSRLARGABIAAE dViiRs grample, the

case of changing the state of the magnetically coupling layer 24" over the entire thickness thereof.
Therefore, accarsist fiontkzatochmpiemhgnigidatiycoagingsiage &4n bémopasigHowndd figh a small ion
beam dose. Fu Q§ , In this case, for.example, since it becomes possible to narro range affected by
the ion 15beamg| £=-Hé%a}?¥wacﬁfaﬁ8ﬁ°é‘a%%e§8‘p f@rﬁ%ﬁﬁfﬁ%@f@g ﬁ&%ﬁ?gw.% I%%Eé it possible to
accurately form-{agisanssy reeieing Ratlgr kehiowd @), thansoiriignrRAMNSARAnheHY@SOft
magnetic, can be formed with a smaller ion beam dose as compared with, for example, nonmagnetic
20regions. TherKore, according to this example, the isolation regions 202 can be formed with a

smaller ion beam dose dl’zhia makes it possible to form the isolation regions 202 with higher accuracy.
[0217] Fig, 5 shows a s[econlj example of an ion-beam irradiation method in 25the ion-beam irradiation

process. In this exampleetBRioheails iserdial anverresa SRS detesist diaskdrdiogean by the
nanoimprint technique.
using Examples.
(Example 1)

10 Using an evacuated film forming apparatus, an adhesive layer 14 and a
soft magnetic layer 16 are formed in sequence on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method. In
this event, the adhesive layer 14 is formed using a CrTi target so as to be a CrTi
fayer with a thickness of 10nm. The soft magnetic layer 16 is formed using a

15  CoTalr target so as to be an amorphous CoTaZr layer with a total thickness of
50nm. For controlling magnetic domains, the soft magnetic layer 16 has a
two-layer structure with a Ru layer with a thickness of 0.9nm interposed
therebetween.

[0220]

20 After forming the soft magnetic layer 16, continuously, a Ta layer
(thickness 3nm) serving as a first orientation control layer and Ru layers
{thickness 20nm) serving as a second orientation control layer and an isolation
promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC
magnetron sputtering method. Then, a granular layer 20 having a thickness of

25 9nm and containing magnetic grains with an hep crystal structure is formed
using a hard magnetic target made of CoCrPt-SiOs.

[0221]

Further, using a low-pressure Ar gas as a sputtering gas, a Pd layer



[0218] In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist 79 mask 44 is formed by,
for example, using a nanoimprint mold 46 to emboss a resist film coated on a magnetically coupling
layer 24. Then, as shown in Fig. 5 (b), irradiation of an ion beam 42 is carried out using the resist mask
44 as a mask, thereby forming isolation regions 202 in the magnetically coupling layer 524. [0219]
Hereinbelow, this second invention will be describedg further detail using Examples. (Example 1)
10Using an evacuated film forming apparatus, an adhesive layer 14 and a soft magnetic layer 16 are
formed in sequence on an aluminosilicate glass substrate 12 in an Ar atmosphere by a DC magnetron
sputtering meth@dekRdBisRERRY) HeoRABeYYe: B8Pt isAImPR KRG arfd fd&agrLRP as to be a CrTi
layer with a thickness of IOnm. The soft magnetic layer 16 is formed using a 15 CoTaZr target so as to
be an amorphol@¥e&r® Bz faayer aRta geotiiunisk it ayeb@dm. Foe tuokeispheaphe@ioGomains, the

soft magnetic layer 16 has a two-layer structure with g Ru | with a thickn of 0. interposed
therebetween. Tgﬁ%‘ffﬁj\ eé\%?m%aqaées%hd% aeggr?e%ce ?/3%?{56‘?88%{%%358@%% I:)Eé% (thickness
3nm) serving ashckielserigniliehannbes mperaged R dayersHthisknassi2Pa@hsanyiegas a second
orientation control layer and an isolation promoting layer are formed as an underlayer 18 in the Ar

atmospher@ by/#¥ed@rmalipewislsismieaiag Methtre Fyers fograands fiyer 2@ hadingh thickness of

25 9nm and containing{ etic grains with an hcp crystal structure is formed using a hard magnetic
target made of CoCrPt- -[0221] Further, using a low-pressure Ar gas as a sputtering gas, a Pd
layer An ion beam 42 of argon ions (Ar") accelerated with an energy of

30KeV is irradiated on a medium formed with the layers up to the continuous
film layer 24, using a stencil mask 40 as described using Fig. 1 (b), thereby

10 forming soft magnetic isolation regions 202 in regions between tracks. In this
ion-beam irradiation, the ion beam dose is set to 5x10'cm?.  The width, in a
track width direction, of each formed isolation region 202 is 50nm. The track
width is 150nm and the frack interval is 200nm.

[0223]

15 Then, using a mixed gas containing Ar-and 30% hydrogen and using a
carbon target as a sputtering target, a protective layer 26 made of hydrogenated
carbon (hydrogenated carbon) is formed. Since the film hardness is improved
by the use of the hydrogenated carbon, it is possible to properly protect the
perpendicular magnetic recording layer 30 against an impact from a head.

20 Thereafier, a lubricating layer 28 made of PFPE {perflucropolyether) is formed
by a dip coating method. The thickness of the lubricating layer 28 is 1nm. In
this manner, a magnetic recording medium 10 according to Example 1 is
fabricated.

[0224]

25 In the magnetic recording medium 10 according to Example 1, high
thermal stability can be obtained by the CGC medium structure. Further, by
the formation of the isolation regions 202, it is possible to make the magnetic

recording medium 10 function as a DTR medium. Further, by forming the



80 (thickness 0.8nm) is formed as a coupling control layer 22 and [CoCr/Pd]3 layers are formed as a
continuous film layer 24. The thickness of each CoCr layer is set to 0.4nm and the thickness of each
Pd layer is set to 0.9nm. The thickness of the continuous film layer 24 in which the CoCr layers and
the Pd 5layers are alternately laminated by three layers for each is 4nm (3.9 to 4nm). [0222] An
ion beam 42 of argon ions (A() accelerated with an energy of 30KeV is irradiated on a medium formed
with the layers up to the continuous film layer 24, u:siﬁ?g1 a stencil mask 40 as described using Fig. 1
(b), thereby 10 forming soft magnetic isolation regions 202 in regions between tracks. In this ion-beam
irradiation, the i%b%‘?;%w §§Oe iS to 5x10151CM2. The width, in a track width direction, of each
formed isolation region 202 18 5ofT. *PHP H HEARTHR TR v asR reROteieg tiaagaisiic200nm. [0223]

15Then, using asipixedgasteraniBoAsBRASESRyLra ing a carbon target as a sputtering
target, a protective layer 26 made of hydrogenated carbo%8 hy o"ggﬁ%%é'ﬁ%% gﬁiel Bi#ned. Since the

film hardness is'f58\08 Bygideaktls trackyhergbnairxveatipgrthis ie eI eriggREIREIb Protect the

perpendicular rr}ﬂgﬂeé;&erﬁ& %51% e{h3q a insi}{a@n impact from a head. 20Thereafter, a lubricating

layer 28 made of PFPE (peﬁ orop@é/etﬁeF??gfor &egﬂl}f%cﬂﬁ%ﬁwmﬁawler Relfickadss of the

lubricating Ryere@@ésrloise bathis mapRer @‘m@@“?“CFB?'@@!"HS%“WH@@%Q@%?%?&”8rﬁ’. Example 1 is
xample 1, hi

fabricated. [OZZﬁﬁZSIn the magnetic recording medium 10 according to g ermal
stability can be BB BAERoCBE hEdRAPSI LS R ustheis oy ey tat matiea@f thetisolation

regions 202, it ig passile.io, ic recording medium 10 function as a DTR medium.
Further, by forming the 81 iso at?o‘r?%%%@% zlser OW 351760 FEGIBRS, 2R E¥8rding a magnetic

signal on a tracfQnigdhossible to block a recording magnetic field extending toward the outside of the
track, thereby preventiqgatgg recording magnetic field from extending outside the track. Therefore,
according to Example 1, }rack 5 edge noise can be properly reduced. For example, in the magnetic

recording Toedium 10 aeesdple FREIREAiRFGNEIRE JIRGYed,by about 1.0 to
Further, the isolation regions 202 are formed by using the continuous film layer
24 of the [CoCr/Pd]s layers and changing the interface state thereof by
ion-beam irradiation. Therefore, in Example 1, the isolation regions 202 can
be formed with a small ion beam dose.
15 [0226]

In this case, it becomes possible to narrow a range affected by an ion
beam. The ion-beam irradiation can be performed with high accuracy.
Therefore, according to Example 1, it is possible to accurately form the isolation
regions 202. This makes it possible to improve the track density and thus to

20 realize, for example, a recording density exceeding 200Gbits per square inch

and, further, for example, a recording density exceeding 500Gbits per square
inch.

[0227]
{Example 2)
25 Using an evacuated fiim forming apparatus, an adhesive layer 14 and a
soft magnetic layer 16 are formed in sequence on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method (see

Fig. 6). in this event, the adhesive layer 14 is formed using a CrTi target so as



3.5dB as compared with the case where the isolation regions 202 are not formed. [0225] 10In Example
1, the isolation regions 202 are soft magnetic regions. Further, the isolation regions 202 are formed by
using the continuous film layer 24 of the [CoCr/Pd13 layers and changing the interface state thereof by
ion-beam irradiation. Therefore, in Example 1, the isolation regions 202 can be formed with a small ion
beam dose. 15[0226] In this case, it becomes possible to narrow a range affected by an ion
beam. The ion-beam irradiation can be performed wiﬁ?high accuracy. Therefore, according to
Example 1, it is possible to accurately form the isolation regions 202. This makes it possible to improve

the track densit to_20realize, far exampl recording density exceeding 2000bits per
square inch an ,0 ?ﬁgéﬁ%ﬁa earr%{?é?a{( ’@58?&?18% v eXCERRfgRaNSiRdayer $6usre inch. [0227]

(Example 2) 25HBNgd0sve eUBETA FHTh fgEmiBt AR RS oAk e XS s andi@ goft magnetic

layer 16 are formed in sequence on an aluminosilicate glass substrate 12 in an AF atmosphere by a
DC magnetron $Y@HEHFAfStRbEREe FRprermrolisgragntiic adivesive tagerotdnigderned using a

CrTi target so ag, 18 lﬂgsa | layer with thic@lées of 10nm. The soft magnetic layer 16 is formed
using a CoTaZr tgljr%et ) asatcc%)%dell%igér%{)%%éﬁgv ?’2&1‘ |BYEF With & FYEkNeRSPfR 90M50nm. For
controlling agetmdeetbins;dberseinagnetic layer 16 has a two-layer structure with a Ru layer with
a thickness of 0.9nm SiFOtSé%t]Jsed therebetween. [0228]

After forming the soft magnetic layer 16, continuously, a Ta layer
(thickness 3nm) serving as a first orientation control layer and Ru layers
(thickness 20nm) serving as a second orientation control layer and an isolation

10 promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC
magnetron sputtering method.  Then, a granular layer 20 having a thickness of
9nm and containing magnetic grains 102 with an hep crystal structure is formed
using a hard magnetic target made of CoCrPt-Si0s.

[0229]

15 Further, using a CoCrPt target or a CoCrPtB target and using a
low-pressure Ar gas as a sputtering gas, a CoCrPt fayer (thickness 7nm) or a
CoCrPtB layer (thickness 7nm) is formed as a magnetically coupling layer 24",

[0230]
An ion beam 42 of argon ions (Ar*) accelerated with an energy of

20  30KeV is irradiated on a medium formed with the layers up to the magnetically
coupling layer 24', using a resist mask 44 formed by the nanoimprint technique
as described using Fig. 5 (a), thereby forming isolation regions 202 in regions
between tracks. In this ion-beam irradiation, the ion beam dose is set to
5x10'%cm®. The width, in a track width direction, of each formed isolation

25 region 202 is 50nm. The track width is 150nm and the track interval is 200nm.

[0231}
Then, using a mixed gas containing Ar and 30% hydrogen and using a

carbon target as a sputtering target, a protective layer 26 made of hydrogenated



After forming the soft magnetic layer 16, continuously, a Ta layer (thickness 3nm) serving as a first
orientation control layer and Ru layers (thickness 20nm) serving as a second orientation control layer
and an isolation 10 promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC
magnetron sputtering method. Then, a granular layer 20 having a thickness of 9nm and containing
magnetic grains 102 with an hcp crystal structure is fogrmed using a hard magnetic target made of
CoCrPt-Si02- [0229] 15Further, using a CoCrPt targeﬁ‘?br a CoCrPtB target and using a low-pressure
Ar gas as a sputtering gas, a CoCrPt layer (thickness 7nm) or a CoCrPtB layer (thickness 7nm) is

formed asam i ' yer 24'. [0230] An ion, beam 42 of argon ions (Art) accelerated
with an energy"j\gég)(%5 %%&Q?@ﬁ%é%t%% o%ngiﬁ%é(ﬁ'i]ﬂ?ﬁ“fo BERANA D RareRess ® imrraYagnetically
coupling layer 2y, thsingeorsistipadgéAdiednasdsn e 3BeumRsIR Heha] gdepgribed using Fig.

5 (a), thereby forming isolation regions 202 in regions between tracks. In this lon-beam irradiation, the
ion beam dose RESREIFIEHRH BagReticiesqiling, layearBiokadinst divarime! dbeaathézrded isolation

25region 202 ishpaysERest idth | m and t interval is 200nm. [0231] Then, '
using a mixed gas contair’\?%gr]@ﬁr%@Q(ﬁﬁ%ﬁ(%aeneaon? Eg%(gaéé?’% Vg 'S i5MRsting target, a
protective layertféamimiecatingdragkoated istribrrdirdreorpatadingags) SiRrmed. Sipce the film
hardness is |mp¥§ved bﬁépe use of the hydrogenated carbon, it is possible to properly protect the

perpendicular MAGHBEL R Sra1Rg18YEr eeradamaraniumpat enenroingdadE xammisattés, a lubricating
layer 28 made ef iR RRedperfluoropolyether) is formed 5by a dip coating method. The thickness of the
lubricating layer 28 is inm. In this manner, a magnetic recording medium 10 according to Example 1 is
fabricated. [0232] (Eval@i@Béh) 10lt is possible to make the magnetic recording medium 10 according

to .
(Evaluation)

10 Itis possible to make the magnetic recording medium 10 according to
Example 2 function as a DTR medium by the formation of the isolation regions
202.  Further, by forming the isolation regions 202 as soft magnetic regions,
when recording a magnetic signal on a track, it is possible to block a recording
magnetic field extending toward the outside of the track, thereby preventing the

15 recording magnetic field from extending outside the track. Therefore,
according to Example 2, the track edge noise can be properly reduced. For
example, in the magnetic recording medium 10 according to Example 2, the SN
ratio is improved by about 1.0 to 3.5dB as compared with the case where the
isolation regions 202 are not formed.

20 [0233]

In Example 1, the isolation regions 202 are soft magnefic regions.

Further, the isolation regions 202 are formed by using the single-layer film 24°

being the CoCrPt layer or the CoCrPtB layer and changing the state thereof by

ion-beam irradiation.
25 [0234]
In this case, it becomes possible to narrow a range affected by an ion
bean. The ion-beam irradiation can be performed with high accuracy.

Therefore, according to Example 2, it is possible to accurately form the isolation



Example 2 function as a DTR medium by the formation of the isolation regions 202. Further, by
forming the isolation regions 202 as soft magnetic regions, when recording a magnetic signal on a
track, it is possible to block a recording magnetic field extending toward the outside of the track,
thereby preventing the 15recording magnetic field from extending outside the track. Therefore,
according to Example 2, the track edge noise can be properly reduced. For example, in the magnetic
recording medium 10 according to Example 2, the S ?atio is improved by about 1.0 to 3.5dB as
compared with the case where the isolation regions 202 are not formed. 20[0233] In Example 1,

the isolation regj e netic regions. Further, the isolation regions 202 are formed by
using the singlg%!/%&%én%4'ﬁ¥%g é(ee ;(%898? 1@%&%%@@0%?&(@%@&#‘5% YR he state
thereof by ion-besstivéy dctiakamHb]G2R4brdinglBdhin ¢ azeebNREEDESRRSPIR fa 1R @ range
affected by an ion beam. The ion-beam irradiation can be performed with high accuracy. Therefore,
according to Ex8RthI'BhridasseanIeits acearsting fensitieeisesating 5a0@hitmsc2GauaEs makes it
possible to impraug the track density and thus to realize, for example, a recording density exceeding
200Ghbits per square inch and, further, for example, a recording density exceeding 500Gbits per
square incth 5[0235] [028%the magnetic recording medium 10 according to Example 2, since the
granular layer is a CoCrPt-Si02-Ti02 layer, the grain boundaries of magnetic grains in the granular

layer become clearer al'dOmPASEliRFarR dagdnpdire (He paniing iy éeaptotsiesiokdayer, and
thus the coercivgégmgr ép,@g(@g@@pﬁ?‘%rmlggg%eggpr&%\g}mg%% &ggﬁe[ygg%rfe ’ﬁtﬁg rfgﬁlnular layer is

the CoCrPt-S102 layer. Therefore, even i SS O magnetically"Coupli &ris set
relatively thin aginsgarhe gitnoanveytioped vl etsagetativelyfrghtcnercing femediaean be

obtained. If the{u icknes oflthe ma% etiﬁqﬂ?llg/ coupling layer can be made thin, it is 15possible to
properly carry oUtr9SgNERE AGaIA HOWELPide ufigdRg ibis ithe arishedfernesthla that the change

T s el el i g
CoCrPt-SiO; layer.  Therefore, even if the thickness of the magnetically |
coupling fayer is set relatively thin as compared with conventional values, a
refatively high coercive force He can be obtained.

If the thickness of the magnetically coupling fayer can be made thin, it is
15 possible to properly carry out magnetic isolation between recording regions in
addition to the fact that the change in properties (e.g. soft magnetization) by
ion-beam irradiation s facilitated. Therefore, it is possible to make the
magnetic recording medium properly function as a DTR medium or a patterned
medium.
20 In Example 2, the isolation regions 202 can be formed with a small ion
beam dose.
[0236]
While this invention has been described with reference to the
embodiments, the technical scope of this invention is not limited to the scope of
25  the description of the above-mentioned embodiments. It is obvious to a person
skilled in the art that various changes or improvements can be added to the
above-mentioned embodiments. It is clear from the description of claims that

the modes added with such changes or improvements can also be included in



20In Example 2, the isolation regions 202 can be formed with a small ion beam dose. [0236] While
this invention has been described with reference to the embodiments, the technical scope of this
invention is not limited to the scope of 25 the description of the above-mentioned embodiments. It is
obvious to a person skilled in the art that various changes or improvements can be added to the
above-mentioned embodiments. It is clear from the description of claims that the modes added with
such changes or improvements can also be included fi? 85 the technical scope of this invention.
Industrial Applicability [0237] This invention is suitably applicable to, for example, a magnetic

5recording medi i scription of the Drawings [0238] Fig. 1 is diagrams showing one
example of a m%%]é%ﬁ?ﬁ%%f It ?ngotﬁlfﬁw'%f"gaef}rding to one embodiment of this invention. Fig. 1 (a)

shows 10one eXachpieiaf Appiriabatyre of the magnetic recording medium 10. Fig. 1 (b) shows a first
example of an ion-beam irradiation method in an ion-beam irradiation process. Fig. 2 is a top view
of a continuous film Iayé@%’ll?%howing positions of magnetic field shield portions 202 and hard magnetic

portions 204. 15Fig. 3 isl-gr 1owing the states of changes in magnetic properties by ion-beam
irradiation. Fig. 4 is grﬁp "%@ oWt g‘{ﬁ%@feﬁggiﬁagﬁa%égriﬁ’?ﬁﬁ@%t% Begties by ion-beam

owin
irradiation. ©  recdfiing nsedi@agiams showing a second example of an ion-beam irradiation 20method
in an ion-beam irradiation process. Fig. 6 shows the simulation results of recording patterns of

information recdrd& Qﬁ?ﬁﬁ@?@ﬂié’fr%%iﬂyiﬁﬂ@dia according to Comparative Examples 1 and 2. Fig. 6
(a) shows the recordinq@aé rn in a granular medium being the magnetic recording medium according

to Comparative Example 1. Fig. 3 (b)
Fig. 1 is diagrams showing one example of a magnetic recording

medium 10 according to one embodiment of this invention.  Fig. 1 (a) shows
10 one example of the structure of the magnetic recording medium 10. Fig. 1 (b)
shows a first example of an ion-beam irradiation method in an ion-beam
irradiation process.
Fig. 2 is a top view of a continuous film fayer 24 showing positions of
magnetic field shield portions 202 and hard magnetic portions 204.
15 Fig. 3 is graphs showing the states of changes in magnetic properties

by ion-beam irradiation.

Fig. 4 is graphs showing the states of changes in magnetic properties

by ion-beam irradiation.

Fig. 5 is diagrams showing a second example of an ion-beam irradiation
20 method in an ion-beam irradiation process.
Fig. 6 shows the simulation results of recording patterns of information
recorded in magnetic recording media according to Comparative Examples 1
and 2. Fig. 6 {a) shows the recording pattern in a granular medium being the
magnetic recording medium according to Comparative Example 1. Fig. 3 (b)
25  shows the recording pattern in a conventional type CGC medium being the
magnetic recording medium according to Comparative Example 2.
Fig. 7 is a diagram showing one example of a magnetic recording

medium 10 according to another embodiment of this invention.



25 shows the recording pattern in a conventional type CGC medium being the magnetic recording
medium according to Comparative Example 2. Fig. 7 is a diagram showing one example of a
magnetic recording medium 10 according to another embodiment of this invention. 86 Description of
Symbols [0239] 10 - magnetic recording medium, 12 ... substrate, 14 - adhesive layer, 16 ... soft
magnetic layer, 18 ... underlayer, 20granular layer (main recording layer), 522 ... coupling control layer,
24 .-continuous film layer (auxiliary magnetic layer), 2488magnetically coupling layer, 26protective
layer, 28 ... lubricating layer, 30 - perpendicular magnetic recording layer, 40 ... stencil mask, 42 - ion
beam, 44" resist mégkriﬂﬁohrﬁpggrﬁgd.s. rectangle, 106 CoB layer, 108 ..-  Pd layer, 202 ... magnetic
field shield portion or isolation region dsoft magnetic 10region), 204 - hard magnetic portion 87
CLAIMS 1. A magnetic rEé#@ing medium comprising a substrate and a magnetic layer formed over
the substrate, wh«pPe_i_r_I: n]ige maf?netic layer comprises a main recording 5layer for recording a magnetic
signal and an auxiliary m%ﬁé’ i ?@@'%me pouplggdieiae pain é’gﬁordinq layer, and the
auxiliary magnetisdayﬁa@@éﬂgng,yeﬁ; qé)[grggg of hard magnetic portions res%sé‘éﬁv%ﬁ'ﬁo?%éd at
positions corresponding to recording region ,%ﬁ(\é% @\%Qh@f@@@ﬂéﬁ/@ﬂ'@rﬁ@ﬁh&é@@% ,a'rbt e main
recording Iaéer, %?dm%féfﬁ@ MMﬂe&b@gﬂonéd‘Rﬁ%qjggﬁween but without being di pé/ser 10over
the plurality of hasg mqgg%i&.goptions, respectively, wherein Whéay ?ﬁa(@Hé’ﬂf@é!ﬁmﬂgamesiay@r),
measured, the magnetiza ion ﬁ‘yé:ﬁﬁ’@%'ﬁyﬁgr%ie-fwdtgbﬁ@ ;g%t‘iogsh@% slope greater than
those of the har@mammm&@%iggcvg%re an applied magnetic figld 1 ’aé{ﬁ& a residual
magnetic polarizgéion ng layer, 40 - stencil mask, 42 - o

am, 44 - regj
i resist mask, 46 - mold, 50 - rectangle, 106 --- CoB layer, 108 -
ayer, 202 - magnetic field shieid portion or isolation re

10 region), 204 - gion (soft magnetic

- hard magnetic portion



of each magnetic field shield portion is smaller than those of the hard magnetic 15portions. 2. A
magnetic recording medium according to claim 1, gyherein the magnetic field shield portions are soft
magnetic. 203.A magnetic recording medium according to claim 2, wherein the magnetic field shield
portions have an axis of easy magnetization in an in-plane direction parallel to a main surface of the
substrate. 4. A magnetic recording medium adebRliM$to claim 1, wherein: the magnetic 25recording
medium is a magnetic recording medium for perpendicular magnetic recording, the hard magnetic

portions of the aUXN%MgHé!Qﬁ@&%Jé‘M@rrﬁé@i@ﬁ@%ﬁ%iéﬁ@%Ma@éﬁmt@ﬁfﬁgﬂﬁi@%%magnetiC
anisotropy ollue to interface magnetic anisotropy, and tge magnetic field shield portions of the auxiliary
magnetic 1aJRFIS EGHE R U s BIREA S RRPE 2 SOm BTFSA TP TRaM e hard
_30magﬁetictmtiMS@debiem@gmmajmhanalgn mp@ggmd@wdc ﬁamﬁgrx&_iis&ityopy due to
interface magnefic: 35iRIARK ,&dgdm@%pjcgﬁg{g&&w%ﬁ%grgw 1pigigLd. yvherein: the
main recording layer is a layer with a granular structure in which'a nonmagnetic substance 35is
segregated BHGHh B SGHYTRS SHRIGINEEL graR Vel daHessRtRAsiiRRiEPEIRMEBCHR auxiliary
magnetic layetaudingaehienm witikErgenfignetic wigchisayerns dfear&orcempotierasid feddayiegs or Pt layers

are alematehy doruiioshoBi. fod VAR SUS ISV SL A BCIR G eR g BRI @ granular

structure in which nonmagnetic grain boundary portions are etween magnetic grains
contin(BusP¥RoiNA MuzEs Qhimae shegnetmecaieniy reirekrebupnsseiayeeltjacent to the magnetic

recording lapigaet-atagnalical aeoméadotns ifhamadianetdiieetiae 2pkadranappanetiegubstrate are

stacked in s gIder pyen e substrate, (s madnellc diskc wherein atleast ihemagnetically coupling
layer out of fihe mggne%caﬁy cou m%] ayer 270 The magnetic'r corglng ?a'gle 8omprlses; a plurality of

hard magnetkgisoritasrasaciied|fnaamatel fiel hisshinasace rergsitutingagneio pdiagaatiions, where
magnetic signalsAeigriid $eR dabid p oM RORHIARFRHIRG B Xe tnaRd il RRIRESC

15  portions.

2. A magnetic recording medium according o claim 1, wherein the magnetic
field shield portions are soft magnetic.

20 3. A magnetic recording medium according o claim 2, wherein the magnetic
field shield portions have an axis of easy magnetization in an in-plane direction

parallel 1o a main surface of the substrate.

4, A magnetic recording medium according to claim 1, wherein: the magnetic
25  recording medium is a magnetic recording medium for perpendicular magnetic
recording, the hard magnetic portions of the auxiliary magnetic layer are magnetic
regions that exhibit perpendicular magnetic anisotropy due to interface magnetic
anisotropy, and the magnetic field shield portions of the auxiliary magnetic layer are
magnetic regions of which an interface state is different from that of the hard
30 magnetic portions and which exhibit substantially no perpendicular magnetic

anisotropy due to interface magnetic anisotropy.

5. A magnetic recording medium according to claim 1, wherein: the main
recording layer is a layer with a granular structure in which a nonmagnetic substance

35  is segregated at grain boundaries of magnetic grains, and the hard magnetic portions
of the auxiliary magnetic layer are each a multilayer film in which fayers of a Co

compound and Pd layers or Pt layers are alternately laminated.



10field shield portions formed between but without being disposed over the adjacent hard magnetic
portions, respectively, wherein when magnetizatigggcurves are measured, the magnetization curve of
each magnetic field shield portion has a slope greater than those of the hard magnetic portions in a
region where an applied magnetic field is zero, and a residual magnetic polarization of each magnetic

field 15shief portiGrmegnaifaiskhinwhisbe shagnetitaieraidinsdaresorilio agranulansiteture disk
according trclaintadMARIgHR (DR RA BENASAS KoRIINS BRei ol MB&aRREsAN: SRRl IgaiRyer are formed
at the positions .Corres1 onding. to the recordipg regions, where.the magnetic si%nal ; are to be
recorded, of U THAGTE A STALS HFHIATER HRF (e oM ARLSTIERY SOARIRE TR regions other
than the poditithesna@stianeepiding digkrarebrokggaticelyimodfindmiein dharsplameatjreetiorportions and
the hard magnel6 RREEARE A GIQFRE driD GRAGENIGRIGIES MR BRPEF P ACRUGH QA retie

disk-shaped substrate. magnetic disk according to claim 6, wherein the magnetic recording layer

9. A
and the magtRiivamRER B IiRestDemrannticalx PP davEr Ot BB TPANGERNE RO YRR G ccording to
claim 6, vyh@gaém ﬂnﬁ mamwlkyreoupﬁmmiawercommes;;ﬁ Mi@@ﬁrﬁ?dlﬂagﬂémgnetic disk i.n which
a magnetic [eggnaLer YUl B AT AL SFUFLUEE I AORTIAIDSHE ARRoyRgArY portons are

formed between magnetic grains 35continuously grown in a columnar pe‘and a magnetically
coupling lay@Rei@yadiendly esuinde (eepeHaHes oS G eRerdingifvae AcbiRagatier are stacked
in this pyderrRysiRNQ parBgRE s eiskishaped isutbsiaie; tempagpetisddiskr 8 whpkein: at least the

magnetically coupling layer qut of the magnetically coupling layer and .the magnetic recording layer
comprises rﬁ?@'ﬁ%ﬂ%ﬁ% %%%Wgﬁsrgﬁ%eg%@te r&fa\'é’?r\l%{“t?énpor |(r)%1r§%qpeerri12§e?9 88,%%%%{% each other in a
radial directivaastisedd thetisaanetizatipnetio el essil vetnetiy firitcperdmestibsihgseraierEbetween but

Swithout beipg stisPpafdrRer PrvAsHhapheiRliBo AR BRYNGIGRAEIARS pplied
magnetic field is zero, and a residual magnetic polarization of each magnetic field
15 shield portion is smaller than those of said hard magnetic portions.

7. A magnetic disk according to claim 6, wherein the hard magnetic portions in
the magnetically coupling layer are formed at the positions corresponding to the
recording regions, where the magnetic signals are to be recorded, of the magnetic

20  recording layer and the soft magnetic portions are formed in regions other than the
positions.

8. A magnetic disk according to claim 6, wherein the soft magnetic portions and
the hard magnetic portions are formed in concentric circles with respect to a center of
25  the disk-shaped substrate.

8. A magnetic disk according to claim 6, wherein the magnetic recording layer

and the magnetically coupling layer are in contact with each other,

30 10 A magnetic disk according to claim 8, wherein the magnetically coupling layer
contains at ieast CoCrPt.

11. A magnetic disk in which a magnetic recording layer with a granular structure

in which nonmagnetic grain boundary portions are formed between magnetic grains
35  continuously grown in a columnar shape and a magneticaliy coupling layer

magnetically coupled to the magnetic grains in the magnetic recording layer are

stacked in this order over a nonmagnetic disk-shaped substrate, the magnetic disk



12. A magnetic disk according to claim 11, wherein the hard magnetic portions in the magnetically
coupling layer are formed at positions correspondig to recording regions, where magnetic signals are
to be recorded, of the magnetic recording layer 10and the soft magnetic portions are formed in regions
other than the positions. 13. A magnetic disk according to claim 11, wherein the soft magnetic
portions andvissiarat leagHesdprateirs by edopfinadasesondaritiie ohagestivaly resyrditio a center of the

?iSK'Shag(:‘ﬁ@éb%tﬁatgle]faéﬂetﬁl; Péalsfw.b: el @&qtaf@tsg }Eﬁr@'%ﬁb%ﬁié"ﬁﬁ%ﬂ%@ﬁd@@?”‘Zt_ickrecording
aver an e magnetic co N er.are In contact with eacn aotner. . magne IC dIS
according tOATRUE PSR e RN Al eaT S SaR A2 5, A PRS0 LA Crt,

substrate magnetic field, said soft magnetic portions being formed between but
5  without being disposed over or under the plurality of hard magnetic portions.

12. A magnetic disk according to claim 11, wherein the hard magnetic portions in
the magnetically coupling layer are formed at positions corresponding to recording
regions, where magnetic signals are to be recorded, of the magnetic recording layer

10 and the soft magnetic portions are formed in regions other than the positions.

13. A magnetic disk according to claim 11, wherein the soft magnetic portions
and the hard magnetic portions are formed in concentric circles with respect to a
center of the disk-shaped substrate.

15
14. A magnetic disk according to claim 11, wherein the magnetic recording layer
and the magnetically coupling layer are in contact with each other.

15. A magnetic disk according to claim 11, wherein the magnetically coupling
20  layer contains at ieast CoCrPt.



