1 DESCRIPTION MAGNETIC RECORDING MEDIUM AND
MANUFACTURING METHOD OF THE MAGNETIC RECORDING MEDIUM
TECHNICAL FIELD [0001] The present invention relates to magnetic
recording media installed in a hard disk drive (HDD), etc. and a
manufacturing method of the media. BAEKGROUND ART [0002] With
increases in capacity of informatipie groeaesme M recent years, various
information recording techniques have been developed. Particularly, the
surface recording density of the HDD using the magnetic recording

technique continues twg\%?\?g? ?} ?{E?}gﬂ% Ir&%g EJgB?U 100%. Recently,

the information recording capaciky exceeding per disk has been
required for 2.5-inch perpendicular magpgtjc recording media used in the

HDD, etc. and to respond to such a requirement, it is demanded to actualize
thd At maEdrie B felivgEd dieily Etcdétiindy28NE B fe Réduigrid MG [TOB] UM
To attain the high recording density in magnetic recording media used in the
HDD, etc. perpendicular magnetic recording media by perpendicular

M3gReLi¢ LI difg system have been proposed in recent years. In the
perpendicular magnetic recording system, adjustments are made such that
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the perpendicular direction to the substrate surface. The perpendicular

magHEtRIrdB oI Sydtekn HividIed BHR) thin "L B AOH isERERRHBR P Of

bg, supRigssed as compared with the 2 conventional in-plane recording
system, and is suitable to introduce high
BACKGROUND ART

[0002] With increases in capacity of information processing in recent
years, various information recording techniques have been developed.
Particularly, the surface recording density of the HDD using the magnetic
recording technique continues to increase at an annual rate of about
100%. Recently, the information recording capacity exceeding 160 GB
per disk has been required for 2.5-inch perpendicular magnetic recording
media used in the HDD, etc. and to respond to such a requirement, it is
demanded to actualize the information recording density exceeding 250
GB per square inch.

[0003] To attain the high recording density in magnetic recording media
used in the HDD, etc. perpendicular magnetic recording media by
perpendicular magnetic recording system have been proposed in recent
years. In the perpendicular magnetic recording system, adjustments are
made such that the axis of easy magnetization of the magnetic recording
layer is oriented in the perpendicular direction to the substrate surface.
The perpendicular magnetic recording system enables the thermal

fluctuation phenomenon to be suppressed as compared with the



recording densities. [0004] As the magnetic recording media used in the
perpendicular magnetic recording system, CoCrPt-Si02 perpendicular

magnetic recording media have been proposed because such media

indicate high heat stability and excellent recording properties (for example,
Non-patent Document 1). The media arezgranular type magnetic recording
mediaewherainithplaragneto recnyiyglaxer i Dimed rayrntdarivelioe high
that nonmagnetic particle boundary portions are formed between magnetic
pegfielet RElRAG iE@Hinuously in the shape of pillars, and it is intended to
bpidnske madnelic paricles fine and enhanes the cocrciye foice i

khown'to uS€ oxides 16rthe 'nonmagne'ﬁg parﬁcl'e boun ar'y (nonnﬁ)agﬁ
PRIAgALEEWeRSCBIRGAGTIC PastislRs). awdas example gk ip SHORQWEH ok netic
one of Si02, Cr203, TiO, TiIO2, and Ta205 (for example, Patent Document
leclowevernthdie ibareuppenlintio regidasccaHisies ot beimgcientadiedtié high
the particle boundary, and there are also limitations in improvements in fine
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nonmagnetic areas by ion implantation after forming a magnetic layer (for
exdiapdel iPdientn &poetive nd @) r Batgna Docisnentde dapanesealdnatamined that
Patent Publication No. 2006-024346 Patent Document 2: Japanese _
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waepdianmageatia gadicnparecles fine and enhance the coercive force Hc.
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It is known to use oxides for the nonmagnetic particle boundary
(nonmagnetic portion between magnetic particles), and for example, it is
proposed to use one of SiO,, Cr;03, TiO, TiO2, and Ta,Os (for example,
Patent Document 1). However, there is an upper limit in oxides capable
of being contained in the particle boundary, and there are also limitations
in improvements in fine particles and isolation.

[0005] Meanwhile, in order to further enhance the in-plane recording
density, proposed also is a method of forming nonmagnetic areas by ion
implantation after forming a magnetic layer (for example, Patent
Document 2).

Patent Document 1: Japanese Unexamined Patent Publication No.
2006-024346

Patent Document 2: Japanese Unexamined Patent Publication No.
2007-226862

Non-patent Document 1: T. Oikawa et al., IEEE Trans. Magn, vol.38,
1976-1978 (2002)
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formed in the magnetic recording layer made of a magnetic material by ion
implantation, applied ions are dispersed in the magnetic recording layer, and
there is a problem that it is difficult to non-magnetize only desired portions.
Generally, the ions are distributed in a width with almost the same order as

that of the implantation depth. In Patent Bocument 2, ions implanted with a
drrgber 2Homeverdispersedanitea sadive oftherdenafsgvetrl tpostafns are
nanometers. With consideration given to the thickness of the magnetic layer
bEIRE 8ol Hoenm Mty e soidiickay & fBrafiRopinfagirgizet ponrriasial by
for examé?f% W][th a width of , several tens, of nanometerﬁqig the maeq[netic
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magnetic particles in the magnetic layer to exchange coupling. In this case,
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magnetic layer of the media, and there s a problem that the width of ion
RUHRSls 1SR A BE0EH AR s B AR RAGRCEGER. I atent

CRRURNSR'S RS AIRASINWMNCE e TGRS IS AOHRINEISAWGLh a
to remain, and there is another problem that magnetic properties deteriorate
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invention to provide discrete type magnetic recording media with a high
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the invention &ought&formln a recording auxiliary layer that is a magnetic

figpubianaetno fraagredie ldysr oreamaggratic lkeperding layer formed of
the magnetic layer, forming nonmagnetic portions by implanting ions into
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magnetic particles in the magnetic layer to exchange coupling. In this
case, the distance is further increased from the uppermost layer portion
to the magnetic layer of the media, and there is a problem that the width
of ion beams is further broadened until the ions reach the magnetic layer.
In this case, ions are applied to areas in which the magnetism is
originally required to remain, and there is another problem that magnetic
properties deteriorate and do not allow use as magnetic recording media.
It is an object of the invention to provide discrete type magnetic
recording media with a high recording density using a method of forming
nonmagnetic portions by ion implantation.

[0008] To attain the above-mentioned object, the inventors of the
invention thought of forming a recording auxiliary layer that is a magnetic
film thinner than a magnetic layer on a magnetic recording layer formed
of the magnetic layer, forming nonmagnetic portions by implanting ions

into portions corresponding to between track regions of the recording



recording medium. [0009] In other words, a magnetic recording medium
according to the invention has a nonmagnetic substrate, a magnetic

recording layer that is a perpendicular magnetic film in which the axis of easy
magnetization is oriented substantially perpendicularly to the substrate

surface of the nonmagnetic substrate, arid a recording auxiliary layer having
MAgHREsN [thatis directihiorengd arathef aragnelc recaidn@layeymndimgnetic
characterized in that the recording auxiliary layer has magnetic portions
heR&ed gy eeidiH nd nonmagnetic portions made nonmagnetic, the
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nonmagnetic portions exist'in areas correspondingo bétween track regions.
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further have a guard layer formed between the magnetic recording layer and
tiee pecpedidécalailiergdaydic Ifilthidtagkidhishseimbie datdsy guegdebyation is
made of a maherial havlng Ru, Pt, Pd or ?oCrSiOZ as a main comp}pnent.
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film thickness of the magnetic recording layer. Further, the magnetic portions

inlhe résordingcalyxilimmnayker are prederatdyg rpetipendicolati ngpgrepierfilnasd  is
where the axis of easy magnetization is oriented substantially
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layer i1s“formed on the recording auxiliary layer, an
thessytace pbthie NAGRRIIC FeaPeding: snatpINi@ agoesitieit Reasgidribe and that

surface in the recording auxiliary layer 5 is 7 nm or less.

the nonmagnetic portions exist in areas corresponding to between track
regions.

[0010] The magnetic recording medium according to the invention may
further have a guard layer formed between the magnetic recording layer
and the recording auxiliary layer. In this case, it is suitable that the
guard layer is made of a material having Ru, Pt, Pd or CoCrSiO;, as a
main component.

[0011] In the magnetic recording medium according to the invention, it
is suitable that a film thickness of the recording auxiliary layer is thinner
than a film thickness of the magnetic recording layer. Further, the
magnetic portions in the recording auxiliary layer are preferably
perpendicular magnetic films where the axis of easy magnetization is
oriented substantially perpendicularly to the nonmagnetic substrate.
[0012] In the magnetic recording medium according to the invention, it
is suitable that a protective layer is formed on the recording auxiliary
layer, and that the distance from the surface of the magnetic recording

medium to a position nearest the surface in the recording auxiliary layer



[0013] Further, a method of manufacturing a magnetic recording medium
according to the invention is characterized by having the steps of forming a
magnetic recording layer that is a perpendicular magnetic film in which the

axis of easy magnetization is oriented substantially perpendicularly to the
substrate surface of a nonmagnetic substrate on the nonmagnetic substrate,
fosnTingha secerding auxiliary layer made of a magnetic material on the

magnetic recording layer, and non-magnetizing portions corresponding to
bEYak2h tratk FtfonsayTHPEHing fioRsanRtd agidi ibRtions Fvr@spdadiRFRyding
betusen rack egions e recording  aulianclayer. DRI the fethods of
o?]manuq]agturlng a agneﬁc recordlng medium ~“accor mgyto fhe |Hveneiion,ﬂ

igsuitahie dhaldghe feerirpiantes! ri¥inteaihg reqesdchailiary iayghélic film
the recording auxiliary layer and the magnetic recording layer. [0015] The
niethothichmahafaeisngod negpetinrgoedingtinadiisn eideoididg sutregantially

invention mai;arf[jrther vae the step of fogning a guard Izé%er in between the
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that ions are thereby implanted only into the recording auxiliary layer in the
recating @umiigeryi dhyan ahd e gnagnetecachndjnigjeyrera frd riieen; ihésgnetizing
suitable that the guard layer is made of a material having Ru, Pt, Pd or
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ohthelrmagngyier.recording layer. Further, the recording auxiliary layer may be
a perpendicular magnetic film where the axis of easy magnetization is 6
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according to the invention, it is suitable that ions are implanted only into
the recording auxiliary layer in the recording auxiliary layer and the
magnetic recording layer.

[0015] The method of manufacturing a magnetic recording medium
according to the invention may further have the step of forming a guard
layer in between the magnetic recording layer and the recording auxiliary
layer. In this case, it is suitable that the guard layer blocks ions
implanted by ion implantation, and that ions are thereby implanted only
into the recording auxiliary layer in the recording auxiliary layer and the
magnetic recording layer. Further, it is suitable that the guard layer is
made of a material having Ru, Pt, Pd or CoCrSiO, as a main component.
[0016] In the method of manufacturing a magnetic recording medium
according to the invention, it is suitable that a film thickness of the
recording auxiliary layer is thinner than a film thickness of the magnetic
recording layer. Further, the recording auxiliary layer may be a

perpendicular magnetic film where the axis of easy magnetization is



[0017] In the method of manufacturing a magnetic recording medium
according to the invention, due to the existence of the nonmagnetic portions
in the recording auxiliary layer, the magnetic portions and the magnetic
recording layer immediately below the magnetic portions can be made
recording units, and it is possible to sepa@ate between adjacent recording

usiie QL 8Libutthetainythe rpeioid olamandfact fiog @ magnedic neeerdirg
medium according to the invention, instead of the magnetic recording layer, -
sIféd e roniheyriBaEssHiohInRe YoasiediBg impRATAG Ivngge@ dig medium
recordilaﬂqau iIiam layer Wit{] the f(iJm thicknﬁss thinqer thanﬁh film :
aceordmd to "the inuenion .due (o the existence g he .nonmagnetic
thickness of the magnetic recording fayer, dispersion or implanted ions'is
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and it is possible to manufacture magnetic recording media with the high
recapding deasityd[001eyFurthenediateshbe by goearth kyee i providets can be

between the magnetic recording layer and recording auxiliary layer, ions are
PRTAR A SRI BHASHG ine the iSgREAS B0 inyIBgEr GaBEIF BB ad)acent

im%rpgﬁ%nm]qg_sired portions in the recording auxiliary layer as designed,

and it is possible to manufacture magnetic recording media with the high
réeodding danshyrBRiER & BESERIETEDNQR DEAWING S [0020IefI6G . rédoaling
diagram illustrating a cross-sectional structure of a magnetic recording

nRBRIHTRCREFATRS the HVRnie e 2 iR erdy@mtiMesaaesisotasording
R S s R B BN o
magnesoieratliagxmediyna aeeakdingt ke thignnverdiers anthinner than the film
thickness of the magnetic recording layer, dispersion of implanted ions is
small in the film, nonmagnetic portions can be formed in a desired
pattern, and it is possible to manufacture magnetic recording media with
the high recording density.
[0019] Furthermore, when the guard layer is provided between the
magnetic recording layer and recording auxiliary layer, ions are
prevented from diffusing into the magnetic recording layer, and can be
implanted into desired portions in the recording auxiliary layer as
designed, and it is possible to manufacture magnetic recording media
with the high recording density.
BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 is a diagram illustrating a cross-sectional structure of a
magnetic recording medium according to the invention;

FIG. 2 is a diagram illustrating another cross-sectional structure of
the magnetic recording medium according to the invention;

FIG. 3 is a diagram to explain a manufacturing process of the



FIG. 4 is a diagram to explain another manufacturing process of the

magnetic recording medium according to the invention. BEST MODE FOR
CARRYING OUT THE INVENTION [0021 ] Embodiments to carry out the
invention will be described below based on drawings. FIG. 1 is a diagram
illustrating a cross-sectional structure of{)art of a magnetic recording
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recording medium according to the invention has a cross-sectional structure
where orr8Gndhisagnetrgsapstiate 1R pirstapréaeinMrayheeidtenayeracess of
formed of i adhicaine laver, sic, magnelc recording layer  Jormed of a
magneﬁ‘cg material, recording aux'ﬁllary(fayer medium proteé]tlv'e layer 5 and

lubreatingdayerp and Arer eequdinpLatiliary) lavendriignmagnetic portions

7 having magnetism, and nonmagnetic portions 8 made nonmagnetic. [0022]
A9 L honmagnetic substrate 1, it is possible to use glass substrates such

as soda glass and Al allgy substrates of Al-Mg alloys, etc. [0023] As the
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in the case of the perpendicular magnetic recording system, on the adhesive
|aten aingr éorofecharsofd magnetg tetée  teesopplementdbavritacnagaiety fieldthe
in recording while fixing the direction of ma&netization in the magnetic
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sabiimageestcdapetritis poasiletirwed materadsimagia el seflemagnetited of
an adhesive layer, etc. magnetic recording layer 3 formed of a magnetic
material, recording auxiliary layer 4, medium protective layer 5 and
lubricating layer 6, and the recording auxiliary layer 4 has magnetic
portions 7 having magnetism, and nonmagnetic portions 8 made
nonmagnetic.

[0022] As the nonmagnetic substrate 1, it is possible to use glass
substrates such as soda glass and Al alloy substrates of Al-Mg alloys,
etc.

[0023] As the intermediate layer 2, for example, an adhesive layer is
formed to enhance adhesion between the nonmagnetic substrate and the
upper layer. Further, in the case of the perpendicular magnetic
recording system, on the adhesive layer are formed a soft magnetic layer
to supplement the write magnetic field in recording while fixing the
direction of magnetization in the magnetic recording layer more firmly to
the perpendicular direction, and an orientation control layer to control the
orientation and particle size in the magnetic recording layer.

[0024] As the adhesive layer, Ti alloys can be used. As the soft



materials such as Fe, Ni, Co, etc. As the orientation control layer, preferable
are materials having an hcp structure, fcc structure, and amorphous
structure, and preferable particularly are Ru alloys, Ni alloys, Co alloys and
Pt alloys. [0025] As the magnetic recording layer 3, it is possible to use
perpendicular magnetic films in which thé axis of easy magnetization is

onerjadistbistaatially perpesdieuany todee meneragRetsIbstRteofl iRagnetic
magnetic recording layer is preferably formed from an alloy with Co
pivadpamMsas HGhamsScdrBpoNentCBOBST For ARabhsle Ofi &NpRESIbIC entigd layer,
CoCIEt alipy=-and materials, wihere for example. an oxide syeh as 808 o ana
fOrms A granular structare’in SEH. [662 he recordring auxiliary layer 4

hagm e WAagNeticRAIHENS {d s Re BRENSAER LR e 80RMagReHC Ni alloys,
portions 8 made nonmagnetic, and the magnetic portions 7 may be a layer
of; doaléxgmnple] Cd@HR®, etc. magnetically continuous in the in-plane

direction, or may be a layer of CoCrPtB alloys, etc. with high perpendicular
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magnetic head. Generally, the layer 5 is formed of carbon, etc. and can be
fameddy as @sDamedhyd pespatiditng ankthod. Gaebormdepagited dy shéstrate.
CVD method improves the film hardness as compared with the film

dEpEsRRP MR SpATEIMTy MEhdA, Rifd $salyaineor prieting thdoy with Co
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g ricating layer 6, a lubricant such as perfluoro
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film, for example, by a dip coating method or the like. 9 [0029] In the _
nMEdRiid eecramg idediirXidh S adcoSiGurd@omsdaegranular structure in

CoCrPt.

[0027] The recording auxiliary layer 4 has the magnetic portions 7
having magnetism, and the nonmagnetic portions 8 made nonmagnetic,
and the magnetic portions 7 may be a layer of, for example, CoCrPtTa,
etc. magnetically continuous in the in-plane direction, or may be a layer
of CoCrPtB alloys, etc. with high perpendicular magnetic anisotropy.
[0028] The medium protective layer 5 is a protective layer to protect the
perpendicular magnetic recording layer from shock of a magnetic head.
Generally, the layer 5 is formed of carbon, etc. and can be formed by a
CVD method or sputtering method. Carbon deposited by the CVD
method improves the film hardness as compared with the film deposited
by the sputtering method, and is capable of protecting the perpendicular
magnetic recording layer more effectively against shock from the
magnetic head. As the lubricating layer 6, a lubricant such as perfluoro
polyether, fluorine alcohol, fluorine carboxylic acid, etc. is used to form

the film, for example, by a dip coating method or the like.



to the existence of the nonmagnetic portions 8 in the recording auxiliary layer

4, the magnetic portions 7 and the magnetic recording layer 3 immediately
below the portions 7 can be made recording units, and it is possible to

separate between adjacent recording units. For example, by setting a width

of the magnetic portion 7 that is a width ot the track region at 120 nm, and a
wioltz of thenmaunagielitieort oo ridialgseedidin Watveaorrackorgpinaebel due
nm, it is possible to actualize high-density discrete type magnetic recording
nmedibe XAt NB§ ridnttageai e ehis reesteing Sukiliahg 1a9epwimactbrNary
regions corresponding to between track regiqns, but also regions .
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reproducing in the magnetic recording medium, a shorter distance is

ppefesible hetvemTate helyreic hdiacand ties oedording idsixilidrgnapemple, by
and it is suitable that the distance from the surface of the medi%m] protective
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[0031] To manufacture the above-mentioned magnetic recording medium,
freewarapler askngeyi@cs Lah etDd e positiois gppeEsatles,tim antwdhiospgie dénsity
Ar, layers of from the intermediate layer 2 up to the recording auxiliary layer
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formed by the CV hen, using an ion Implantation device,

fiestvabene theknedjlun s pistecli® laygrdn dovsroé g aridheylike BE8ween bits, it
implanted into only portions desired to make nonmagnetic in the recording
alsxAiey RBRFIAIeHe KO iigtionPHre @ MBlefiagnetized, and the

”ﬁiHEB?”eH? g%réll?l%%s ﬁlremagnetic recording apparatuses, in recording or
reproducing in the magnetic recording medium, a shorter distance is
preferable between the magnetic head and the recording auxiliary layer 4,
and it is suitable that the distance from the surface of the medium
protective layer 5 that is the surface of the magnetic recording medium to
a nearest position in the surface in the recording auxiliary layer 4 is 7 nm
or less.

[0031] To manufacture the above-mentioned magnetic recording
medium, for example, using a vacuumed deposition apparatus, in an
atmosphere of Ar, layers of from the intermediate layer 2 up to the
recording auxiliary layer 4 are formed on the nonmagnetic substrate 1
successively by the DC magnetron sputtering method, and the medium
protective layer 5 can be formed by the CVD method.

[0032] Then, using an ion implantation device, from above the medium
protective layer 5, ions of Ar or the like are implanted into only portions

desired to make nonmagnetic in the recording auxiliary layer 4, the



formed. For example, it is possible to implant ions using a mask that is

designed and fabricated so as to apply ions to only portions desired to make
nonmagnetic in the recording auxiliary layer 4. [0033] As ions to implant, it is
possible to use Ar, Si, In, B, P, C, F, etc. and the kind and combination

thereof are not limited particularly. Any ik can be used which destroys
npRghesMydendveing ioplanieth ethe dntengith ef iem impdartat givigions 8 are
adjusted so that ions are mainly implanted into the recording auxiliary layer
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aprhrReAgBRtcRATERRS { Bie derdrfdg thexieeridingauxiliary layer 4 by ion
implantation, as the lubricating layer 6, for example, perfluoro polyether is
fopnaad]by A idips doating|aethdd s[PO3S] HlanstheseE b dglimentBARotherF, etc.

Embodiment t t the invention will be described below based
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2, the magnetic recording medium according to the invention has a
crossaséstionabstincpla taltiene israd josneoagoatiasubst adecl harelgtackednted
an intermediate layer 12 formed of an adhesive layer, etc. magnetic

rERIdNG 1456P 1MoL bRAY nidYRett melerial, BaardiRlyépr1ah FecBidikg It s
?#g%@'éﬁryl &Y6 rujs%_%%’%’ﬁ@tef}f%eﬁ%‘é! il @%u%@t%f‘%%'?@i%@%@ afd Edyafer

recording auxill ayer 15 has magnetic portions 1 ng magnetism,
and itAnsRgRELifo PO s 49 eads sesreagnesa. fdttEIA36] As fiemed.

nonmagnetic substrate 11, it is possible to use glass
[0034] After the nonmagnetic portions 8 and magnetic portions 7 are
formed in the recording auxiliary layer 4 by ion implantation, as the
lubricating layer 6, for example, perfluoro polyether is formed by the dip
coating method.
[0035]
[Another Embodiment]

Another Embodiment to carry out the invention will be described
below based on drawings. FIG. 2 is a diagram illustrating a
cross-sectional structure of part of a magnetic recording medium
according to the invention. As shown in FIG. 2, the magnetic recording
medium according to the invention has a cross-sectional structure where
on a nonmagnetic substrate 11 are stacked an intermediate layer 12
formed of an adhesive layer, etc. magnetic recording layer 13 formed of a
magnetic material, guard layer 14, recording auxiliary layer 15, medium
protective layer 16 and lubricating layer 17, and the recording auxiliary

layer 15 has magnetic portions 18 having magnetism, and nonmagnetic

portions 19 made nonmagnetic.



substrates such as soda glass and Al alloy substrates of Al-Mg alloys, etc.
As the intermediate layer 12, for example, an adhesive layer is formed to
enhance adhesion between the nonmagnetic substrate and the upper layer.
On the adhesive layer are formed a soft magnetic layer to supplement the
write magnetic field in recording while fi)ilir]rg the direction of magnetization in

theoBaynens reperding layghevte siimdyrigrghe 1perpapdissiislisectdonsanglass
an orientation control layer to control the orientation and particle size in the
nfadsdtiet Rsco iR PIRRd PO 0TS A8 e/ iR 8 URyEFatE BIffyA | chg Ldloys, etc.
used. As.the softdllrg?gr?etlc l?’fr’fgr's 055|qle to use F]naterlalls made

. f soft
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amorphous structure, and preferable particularly are Ru alloys, Ni alloys, Co

alysrand Poallbgs.40088] ves tly enagmeti¢rovedirg lagér 1Bagneossibler to
to use perpendicular magnetic films in which the axis of easy magnetization .
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granular structure in CoCrPt. [0039é]aThe guard layer 14 is formed of a
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preferable are materials having an hcp structure, fcc structure, and
amorphous structure, and preferable particularly are Ru alloys, Ni alloys,
Co alloys and Pt alloys.

[0038] As the magnetic recording layer 13, it is possible to use
perpendicular magnetic films in which the axis of easy magnetization is
oriented substantially perpendicularly to the nonmagnetic substrate.
The magnetic recording layer is preferably formed from an alloy with Co
principally as a main component. For example, it is possible to use
CoCrPt alloys and materials where for example, an oxide such as SiO;
forms a granular structure in CoCrPt.

[0039] The guard layer 14 is formed of a material that acts to block
implanted ions not to diffuse into the magnetic recording layer 13 when
the ions are implanted to form the nonmagnetic portions 19 in the
recording auxiliary layer 15 described later. Further, the layer 14
preferably has a film thickness of the order of not forming a crystal

structure so as not to interfere with exchange coupling of magnetic



of the recording auxiliary layer 15, while conveying crystal growth in the
magnetic recording layer 13 to the recording auxiliary layer 15 when the film
is formed. For example, it is suitable that the material has Ru, Pt, Pd or
CoCrSiO2 as a main component. The film thickness is preferably in the
range of 0.1 nm to 3 nm, and particularl)}areferably, 1 nm. [0040] The
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head. Generally, the layer 16 is formed of carbon% etc. and can be
formed by a CVD method or sputtering method. Carbon deposited by
the CVD method improves the film hardness as compared with the film
deposited by the sputtering method, and is capable of protecting the
perpendicular magnetic recording layer more effectively against shock
from the magnetic head. As the lubricating layer 17, a lubricant such as
perfluoro polyether, fluorine alcohol, fluorine carboxylic acid, etc. is used
to form the film, for example, by a dip coating method or the like.

[0042] In the magnetic recording medium with such a configuration, due
to the existence of the nonmagnetic portions 19 in the recording auxiliary
layer 15, the magnetic portions 18 and the magnetic recording layer 13
immediately below the portions 18 can be made recording units, and it is
possible to separate between adjacent recording units. For example, by

setting a width of the magnetic portion 18 that is a width of the track

region at 120 nm, and a width of the nonmagnetic portion that is a width



discrete type magnetic recording media. Further, by non-magnetizing the
recording auxiliary layer 15 in not only regions corresponding to between

track regions, but also regions corresponding to between bits, it is also

possible to configure bit patterned media. [0043] In addition, in magnetic
recording apparatuses, in recording or e roducing in the magnetic recording
nedivgt @ sheter sistancets cprefarablei advesin tbernagnetin head@nd desity
recording auxiliary layer 15, and it is suitable that the distance from the
stfscetsr thd tdaRMn eptoteetesdier 16 that is tHe digfadeVonpe-magretzing
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substrate 11 successively by a DC magnetron sputtering method, and the.
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implanted ions are blocked by the guard layer 14 and do not diffuse into the
ndgridtiefscording layer 13, 14 and it is possible to implant ions only into

dﬁ)%rff] porti%s ir%g}]%facture the above-mentioned magnetic recording
medium, for example, using a vacuumed deposition apparatus, in an
atmosphere of Ar, layers of from the intermediate layer 12 up to the
recording auxiliary layer 15 are formed on the nonmagnetic substrate 11
successively by a DC magnetron sputtering method, and the medium
protective layer 16 can be formed by the CVD method.

[0045] Then, using an ion implantation device, from above the medium
protective layer 16, ions of Ar or the like are implanted into only portions
desired to make nonmagnetic in the recording auxiliary layer 15, the
portions are thereby non-magnetized, and the nonmagnetic portions 19
are formed. For example, it is possible to implant ions using a mask
that is designed and fabricated so as to apply ions to only portions
desired to make nonmagnetic in the recording auxiliary layer 15. At this
point, since the guard layer 14 is formed between the recording auxiliary
layer 15 and magnetic recording layer 13, implanted ions are blocked by

the guard layer 14 and do not diffuse into the magnetic recording layer 13,



recording auxiliary layer 15. [0046] As ions to implant, it is possible to use Ar,
Si, In, B, P, C, F, etc. and the kind and combination thereof are not limited
particularly. Any ion can be used which destroys magnetism when being
implanted. The intensity of ion implantation is adjusted so that ions are
mainly implanted into the recording auxiltﬁry layer 15. As a material for the

magk, it iSspeesibiele use anglaaterm suehigs miartz sgdedine giassand the
Si wafer which shields ions to enable a predetermined pattern to be formed.
(0047 NASK A iighvn B RStiE Portions 19 and magnetic portions 18 are

f in the recording auxiliary layer 15 hy ion implantation, as the
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medium according to the invention will be described below in an example of
usingca perpentditilahiclaghrsicdis mabe ehsgmetibeacbediry iaydaRrist, a The
method of rrganufactu ing the magnetic recoding medium according to the
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magnetic recording medium according to the invention. [0049] First, as the
npogxgleetic ssbstnajen atamiaiphiocls adumiaos|icateglase vgaaderarat] fitavafer
a disk shape by direct press, and glass disks were prepared. The glass disks
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e R QRIS SR ORI e
VESiheEd iflapesitietoapnajatusxiileap akpesphsréy ion implantation, as the
lubricating layer 17, for example, perfluoro polyether is formed by the dip
coating method.

[0048]

[Example]

An Example of the magnetic recording medium according to the
invention will be described below in an example of using a perpendicular
magnetic film in the magnetic recording layer. First, a method of
manufacturing the magnetic recoding medium according to the invention
is described with reference to FIG. 3. FIG. 3 is a diagram illustrating
part of a cross section in the manufacturing process of the magnetic
recording medium according to the invention.

[0049] First, as the nonmagnetic substrate 1, amorphous
aluminosilicate glass was formed into a disk shape by direct press, and
glass disks were prepared. The glass disks were subjected to grinding,
polishing and chemical enhancement successively, and the smooth
nonmagnetic substrates 1 each comprised of the chemically enhanced

glass disk were obtained.



of Ar, on each of the obtained nonmagnetic substrates 1 were formed
successively layers of from the intermediate layer 2 up to the recording
auxiliary layer 4 by the DC magnetron sputtering method. As the
intermediate layer 2, a film of a CrTi alloy with a thickness of 10 nm was
formed as the adhesive layer. Next, as t & soft magnetic layer, a film of a

He0e 03Zr ey, withraythicknessrat a0daposasderagshiaaksaim the soeadiekere
AFC-SUL structure with Ru therebetween. Then, a film of Ru with a
tiiEkhBSS Bf 28GMAkd forpiaing ¢ha oRdYRENSH eortidFIE3&@Ss 1 were formed

Subsequently, a film of GoCrPt-SiO2 with a thickness of nm was formed .
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dose was 1x1015 (ions/cm2). At this point, as a mask 9, quartz glass was
usectaithd p&iIBULrmied chereini gudiuhatcttebeidtbeof.nohagnetidilm of Ru
portions which were portions to non-magnetize was 60 nm, and that the
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magnetic properties were measured from above the medium protective layer
sthgkigeg & nthgfeterorias Mrstesedhe, 'e6@ tiigs ARt E Rt davpatt

[0051] Then, while keeping the vacuum, as the medium protective layer
5, a film of carbon with a thickness of 5 nm was formed by the CVD
method.

[0052] Next, ion implantation was performed to form nonmagnetic
portions in the recording auxiliary layer 4. In the ion implantation, Ar
ions were implanted using a commercially available ion implantation
device under the condition that the dose was 1x10*° (ions/cm?). At this
point, as a mask 9, quartz glass was used with a pattern formed therein
such that the width of nonmagnetic portions which were portions to
non-magnetize was 60 nm, and that the width of magnetic portions 7 was
120 nm.

[0053] Finally, as the lubricating layer 6, a film of perfluoro polyether
with a thickness of 1 nm was formed by the dip coating method.

[0054] In the magnetic recording media that were manufactured as
described above, after removing the lubricating layer 6, magnetic

properties were measured from above the medium protective layer 5



differences in magnetic properties exist between the portions corresponding
to the magnetic portions 7 and portions corresponding to the nonmagnetic
portions 8, and that the magnetism in the magnetic portions 7 is higher than
the magnetism in the nonmagnetic portigns 8. [0055] Further, after removing
the medium protective layer 5, electron Hfraction in a spot of a plane TEM

(Trgngmissianddaetiien Mictescajejowesprsesvrd an theasurfaseeistiidd that
recording auxiliary layer 4, and it was understood that the crystal structure is
dfffERIRIs@edn théNRBpREtc JURRPAE B andMdhimagREe portidhe 8. portions

[0056] Next, after rer?,lovin the recordin%%gxi}iaarxéaéem electron
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described above, in the magnetic recording medium according to the
i'wvestms dory prowvialinget se réspoedirig laenddiaoy daygrati xifitarthéagenmagmetict was
portions 8, the magnetic portions 7 and the mg%netic recording layer 3
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ethod of manufacturing’a magnetic recording medium according to the
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into the recording auxiliary layer 4 with the film

diffraction in a spot of the plane TEM (Transmission Electron Microscope)
was observed on the surface of the magnetic recording layer 3, and it
was understood that the structure is uniform in the magnetic recording
layer 3.

[0057] From the above-mentioned respects, it was confirmed that the
magnetic recording medium according to the invention is a magnetic
recording medium where the magnetic portion 7 and the magnetic
recording layer 3 immediately below the portion 7 is a single recording
unit.

[0058] As described above, in the magnetic recording medium
according to the invention, by providing the recording auxiliary layer 4
with the nonmagnetic portions 8, the magnetic portions 7 and the
magnetic recording layer 3 immediately below the portions 7 can be
made recording units, and it is possible to separate between adjacent
recording units.

[0059] Further, in the method of manufacturing a magnetic recording

medium according to the invention, since the nonmagnetic portions 8 are



thickness thinner than that of the magnetic recording layer 3, dispersion of
implanted ions is small in the film, nonmagnetic portions can be formed in a
desired pattern, and it is possible to manufacture magnetic recording media
with the high recording density. For example, it is possible to manufacture
discrete type recording media by non-na netizing the recording auxiliary

lapen easierppNanthtp ibelvean thrckaegiansy Rlriiesrit iapessiblgtto the film
manufacture bit patterned recording media by non-magnetizing the recording
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magnetic recording layer. First, a- method o0f manufacturing the magnetic
rexackng egéoliiemn acEordirey toithésinpestidrias desanidedfadtiu refebénceataerned
FIG. 4. FIG. 4 is a diagram illustrating part of a cross section in the
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aluminosilicate glass was formed into shape Irect press, and glass

disksvEerenstepakast, Tthe glastediaks were subjested sngripding d@es and the
polishing and chemical enhancement successively, and the smooth
like in the above-mentioned Embodiments are of examples, and are
capable of being carried into practice with various modifications thereof
within the scope of exhibiting the effects of the invention. Further, the
invention is capable of being carried into practice with modifications
thereof as appropriate without departing from the scope of the invention.
[0061]
[Another Example]

Another example of the magnetic recording medium according to
the invention will be described below in an example of using a
perpendicular magnetic film in the magnetic recording layer. First, a
method of manufacturing the magnetic recoding medium according to the
invention is described with reference to FIG. 4. FIG. 4 is a diagram
illustrating part of a cross section in the manufacturing process of the
magnetic recording medium according to the invention.
[0062] First, as the nonmagnetic substrate 11, amorphous
aluminosilicate glass was formed into a disk shape by direct press, and

glass disks were prepared. The glass disks were subjected to grinding,



nonmagnetic substrates 11 each comprised of the chemically enhanced

glass disk were obtained. [0063] Next, using a vacuumed deposition

apparatus, in an atmosphere of Ar, on each of the obtained nonmagnetic
substrates 11 were formed successively the layers of from the intermediate
layer 12 up to the recording auxiliary layet 15 by the DC magnetron
sputteringgmaimed cAsniieainterhediateriayier $2cadibyinéig, Crdnallayavitbraooth
thickness of 10 nm was formed as the adhesive layer. Next, as the soft
niedHeAE Bés, aURRH atesFELEREr andyRLiged wickresshemE aly veixhanced
forlmed ;[f (?(btain th%so-called AFC-SUL structure with Ru therebetween.
T%gr?,sa im Of° u?/v&ﬂ'g"?ﬁi'ckness of 25 nm was formed as the orientation
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was formed as the magnetic recording layer 3, and a film of Ru with a
tlitkhessnfdasm nhsfermethoretheniyeva® at cheuhisiratiaget 1L Aver eilfeahed

CoCrPtB Witt? a thickness of 8 nm was formed on the guard layer 14 as the
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the CVD method. Next, ion implantation was performed to form
noremiageetie diatiday @r the, racohdirgf aukilianaldyeniidh |a tiedness of 10 nm
implantation, Ar ions were implanted using a commercially available ion
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formed therein sucg that width of nonmagnetic portions 19 which were

pargoss- i nan-ArRgrsize svasctiranvignRihahhe pediteemagneds, a film of
portions 18 was 120 nm. Finally, as the lubricating layer 17, a film of
pBUIYGS pdkyekeesithadhicknesa o erime dvas foited Yo eoatriglayer.
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formed as the magnetic recording layer 3, and a film of Ru with a
thickness of 1 nm was formed on the layer 13 as the guard layer 14. A
film of CoCrPtB with a thickness of 8 nm was formed on the guard layer
14 as the recording auxiliary layer 15. Then, while keeping the vacuum,
as the medium protective layer 16, a film of carbon with a thickness of 5
nm was formed by the CVD method.

[0064] Next, ion implantation was performed to form nonmagnetic
portions in the recording auxiliary layer 15. In the ion implantation, Ar
ions were implanted using a commercially available ion implantation
device under the condition that the dose was 1x10*° (ions/cm?). At this
point, as a mask 20, quartz glass was used with a pattern formed therein
such that the width of nonmagnetic portions 19 which were portions to
non-magnetize was 60 nm, and that the width of magnetic portions 18
was 120 nm. Finally, as the lubricating layer 17, a film of perfluoro

polyether with a thickness of 1 nm was formed by the dip coating method.



described above, after removing the lubricating layer 17, magnetic properties
were measured from above the medium protective layer 16 using a magnetic
force microscope, and it was understood that differences in magnetic
properties exist between the portions corresponding to the magnetic portions
18 and portions corresponding to the n agnetic portions 19, and that the

negsstismiin e magaeicipodionsdlSgs migher thea theemagnaismaistthed as
nonmagnetic portions 19. [0066] Further, after removing the medium

piseetipe thyaboBeelctiioh ERIMAMIBE ithespobsfaptndadaysrml7, magnetic
(pransmission Electon Migioscans) Was observed onihe siace dline. o 16
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[0067] Next, after removing the recording auxiliary layer 15 and guard layer
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Microscope) was observed on the surface of the magnetic recording la

150 RS RS 50 HRTHE ARSTERS LA ARA - GRS SEgHETRCNding to
RGEHRRAERAcIOGEIH §15 A0 TR REBES 1 188 magnetic

confirmed that the magnetic recording medium according to the invention is
apoagomesicl 8esondiiige migdiunthehaeegtihet imagireticgpadom d@namit thertions 19.
rgggnetic recording layer 13 immediately below the portion 18 is a single
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with the nonmagnetic portions 19, it was made possible to make the
Mege esisseotians h8taad $hef arrgetic eecering Fy el ubd | ianyadipéelyl Hetowd it

the portions 18 recording units, and to separate between adjacent 20
récdpdiHgdmiggood that the crystal structure is different between the
magnetic portions 18 and nonmagnetic portions 19.

[0067] Next, after removing the recording auxiliary layer 15 and guard
layer 14, electron diffraction in a spot of the plane TEM (Transmission
Electron Microscope) was observed on the surface of the magnetic
recording layer 13, and it was understood that the structure is uniform in
the magnetic recording layer 13.

[0068] From the above-mentioned respects, it was confirmed that the
magnetic recording medium according to the invention is a magnetic
recording medium where the magnetic portion 18 and the magnetic
recording layer 13 immediately below the portion 18 is a single recording
unit.

[0069] As described above, in the magnetic recording medium
according to the invention, by providing the recording auxiliary layer 15
with the nonmagnetic portions 19, it was made possible to make the
magnetic portions 18 and the magnetic recording layer 13 immediately

below the portions 18 recording units, and to separate between adjacent



[0070] Further, in the method of manufacturing a magnetic recording

medium according to the invention, since the nonmagnetic portions 19 are
formed by implanting ions into the recording auxiliary layer 15 with the film
thickness thinner than that of the magnetic recording layer 13, dispersion of
implanted ions is small in the film, nonmagnetic portions can be formed in a
dested pajteriiaind it is possible to manufacture magnetic recording media
with the high recording density. For example, it is possible to manufacture
di9&réed ty el Fererdity 'F’ﬁédmW%rﬂfn&bﬁ@ﬂ%ﬁ%@%@ofdﬁ@&%@liéﬁ?ording
Iarxer 15 corres or ding to rpeetV\r/]eeenn%rack reﬂlons Further, it is R SSI e% ns 19
manu*ag?ureg parﬁgerne recbr\c/ilng hedid by non- magnghzgng he Fetor Ing
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[0071] Furthermore, since the guard layer 14 is formed between the
récerdilg abidkagdaydrinsemnthmagheticabdbriimpiayeri¢ 3 dndoding layer 13,
ira%antatlon in forming the nonm netlc?gortlons 19 (Ln the recordin
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form the nonmagnetic portions 19 in desired portions in the recording
anndliprytiayeretor 0662] iviedénveritthe tnatehigls, sieesy pnogeskemgity. For
procedures and the like in the above-mentioned Embodiments are of

eRARTPIIE; dﬁd%ﬂé%é%&%lé%ﬁ%mﬂ%"atﬂﬁé‘d %?&ﬁ%ﬁ:twemﬁwr?dng media by
MogifigAtaRS ORIGOT At e & e t”\ 07 elfects 3f e onding  to

Invention. urtger the Invention |S%Dapa leo elngcarrled into practice wi

niediffeationg alkiereelyasrapprowiateg without idepssiribiwm sherseopmaetiine bit
invention. 21 CLAIMS 1 . A magnetic recording medium comprising: a
neAHRIGRsticr sGpseitg; media by non-magnetizing the recording auxiliary

layer 15 corresponding to between track regions and between bits.

[0071] Furthermore, since the guard layer 14 is formed between the
recording auxiliary layer 15 and magnetic recording layer 13, in ion
implantation in forming the nonmagnetic portions 19 in the recording
auxiliary layer 15, implanted ions were blocked by the guard layer 14 and
did not diffuse into the magnetic recording layer 13, and it was made
possible to form the nonmagnetic portions 19 in desired portions in the
recording auxiliary layer 15.

[0072] Moreover, the materials, sizes, processing procedures and the
like in the above-mentioned Embodiments are of examples, and are
capable of being carried into practice with various modifications thereof
within the scope of exhibiting the effects of the invention. Further, the
invention is capable of being carried into practice with modifications

thereof as appropriate without departing from the scope of the invention.



a magnetic recording layer that is a perpendicular magnetic film in which an
axis of easy magnetization is oriented substantially perpendicularly to a
substrate surface of the nonmagnetic substrate; and a recording auxiliary
layer having magnetism that is directly formed on the magnetic recording
layer, wherein the recording auxiliary Ia)?ejr has magnetic portions having
magnetism and nonmagnetic portiong pragenonmagnetic, the magnetic
portions exist in areas corresponding to track regions, and the nonmagnetic
portions exist in areas corresponding to between track regions. 2. The
nlagneticArecorq]ngCmrech:igpai%cc%giéll% ;[];') cl)arinm r1|s|erther comprising: a guard
layer formed HEtween the mag%etlc recor&mg Payer dnd the recording

auxiliary japen R afhe fiagnste seeording medium according to claim 2,
wherein the guard layer is made of a material having Ru, Pt, Pd or

CoCrSiO2 asigneiainresmisbngntayie T Heanisgaepier odiingansthgnetic film in
according to claim 1 orf2, wherein a film thickness of the recording alg)(iliar

IAYRISE thither i a%im GARKNSDREPRIL AL RetilSre MG Ryt Us Statially
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layer is formed on the recording auxiliary layer, and a distance from a
surface af thecoagimeficaerordiyg hagdiunh &via gositagn eanest hze sisrfatieectly
in the recording auxiliary layer is 7. nm or less. 22 6. The magnetic recording

ﬁ@%ﬁ&&éhﬁd@@@%ﬁi‘ﬁl rleﬁpfzqi@vﬂ_é?éiﬁrvthe magnetic portions in the
e R A ol IR fhung
neriyaghehe sulistrd@magnetic portions made nonmagnetic, the magnetic
portions exist in areas corresponding to track regions, and the
nonmagnetic portions exist in areas corresponding to between track
regions.
2. The magnetic recording medium according to claim 1, further
comprising:

a guard layer formed between the magnetic recording layer and
the recording auxiliary layer.
3. The magnetic recording medium according to claim 2, wherein the
guard layer is made of a material having Ru, Pt, Pd or CoCrSiO;, as a
main component.
4. The magnetic recording medium according to claim 1 or 2, wherein
a film thickness of the recording auxiliary layer is thinner than a film
thickness of the magnetic recording layer.
5. The magnetic recording medium according to claim 1 or 2, wherein
a protective layer is formed on the recording auxiliary layer, and a
distance from a surface of the magnetic recording medium to a position

nearest the surface in the recording auxiliary layer is 7 nm or less.



7. A method of manufacturing a magnetic recording medium, comprising:
forming a magnetic recording layer that is a perpendicular magnetic film in
which an axis of easy magnetization is oriented substantially perpendicularly

to a substrate surface of a nonmagnetic_substrate on the nonmagnetic
substrate; forming a recording auxiliary I%@er made of a magnetic material on
the magreiic reagring layesr aind naBdnagnetizindipgions genraspordingtdein
between track regions by implanting ions into the portions corresponding to
b/ eBAARRKC réGHIRNG: ihe e diemegHodliakXidpey. Byieanethedrsindicular
manyfagiuring s magnetic recording medium, aceording (o jaim 2. whersin,
ich&4s |mplanrped onR/ ito the recording auxiﬁcyirymaygr in fife recor ing

asifiarrayer anek renanaangti; iecarding nayein8tithameinad of

manufacturing a magnetic recording medium according to claim 7, further
cdmprisidg: forttiog a gliant dndiaict betvgeen tha agapiatic recordimg layeedium,
and the recording auxiliary layer. 10. The method of manufacturing a

ntEgRBHE Y&%ording medium according to claim 9, wherein the guard layer

blocks the jgns Jmrlantesy Rkden iraplariatien 4t the,ians; are-therehye ngicular

implanted only into the recording auxiliary Tayer in the recording auxiliary
layagakedi thefimaginetiovedording layer. 33 Ehshemagthedzztnanttacthriggte d
a magnetic recording medium according to claim 9 or 10, wherein the guard

ISR IENEARYORERRARANUIIN R YR GHE 08YERSE a8fa AndlANMagnetic
CQU&QP&@'%IJQ%%W&%&@%”&HMQQ a magnetic recording medium

forming a recording auxiliary layer made of a magnetic material on
the magnetic recording layer; and

non-magnetizing portions corresponding to between track regions
by implanting ions into the portions corresponding to between track
regions of the recording auxiliary layer.
8. The method of manufacturing a magnetic recording medium
according to claim 7, wherein ions are implanted only into the recording
auxiliary layer in the recording auxiliary layer and the magnetic recording
layer.
9. The method of manufacturing a magnetic recording medium
according to claim 7, further comprising:

forming a guard layer in between the magnetic recording layer and
the recording auxiliary layer.
10. The method of manufacturing a magnetic recording medium
according to claim 9, wherein the guard layer blocks the ions implanted
by ion implantation, and the ions are thereby implanted only into the
recording auxiliary layer in the recording auxiliary layer and the magnetic

recording layer.



according to claim 7 or 9, wherein a film thickness of the recording auxiliary
layer is thinner than a film thickness of the magnetic recording layer. 13. The
method of manufacturing a magnetic recording medium according to claim 7
or 9, wherein the recording auxiliary layer is a perpendicular magnetic film
where the axis of easy magnetization is ZStiented substantially

petpendiTulariyrietiednonimagaeticasubsingtea magnetic recording medium
according to claim 9 or 10, wherein the guard layer is made of a material
having Ru, Pt, Pd or CoCrSiO, as a main component.

12. The method of manufacturing a magnetic recording medium
according to claim 7 or 9, wherein a film thickness of the recording
auxiliary layer is thinner than a film thickness of the magnetic recording
layer.

13. The method of manufacturing a magnetic recording medium
according to claim 7 or 9, wherein the recording auxiliary layer is a
perpendicular magnetic film where the axis of easy magnetization is

oriented substantially perpendicularly to the nonmagnetic substrate.



