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. 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 magietig @&ierdidgNtechnique 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 g deqandedde aetualinethe FHermation 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 magneiil Pecording media by perpendicular magnetic
recording system have beenéaro osed in recent ¥ears. In theB%e%)endicular maFc?;]netic recording

system, adjust%hltgsﬁgmé & MEAL G Bis S’fge%f?% tiZafsHot ey %{f‘l@ﬂig%cording

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
TECHNICAL FIELD

[0001] The present invention relates to magnetic recording media
installed in a hard disk drive (HDD), efc. and a manufacturing method of
the media.

BACKGROUND ART

[0002] With increases in capacily of information processing in recent
vears, various information re!cording techniques have been developed.
Particularly, the surface recording density of the HDD using the magnetic
recording ifechnique 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 actuailize the information recording density exceeding 250
GB per sguare inch.

[0003} To attain the high recording density in magnetic recording media
used in the HDD, etc. perpendicular magnetic recording media by
perpendicuiar 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 subsirate surface.
The perpendicular magnetic recording system enables the thermal

fiuctuation phenomenon 10 be suppressed as compared with the



2 conventional in-plane recording system, and is suitable to introduce high 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 are granular type magneti recording Media where in e magnetic recoring layer is
formed a granular structure that nonmagneticpatticle boundary Porions are formed between magnetic

particles growipgceanmndeuslyissthe shape of pillars, and it is intended to both make magnetic
particles fine and enhance the coercive force Hc. It is known to use oxides for the nonmagnetic particle
boundary (notPRadheti¢ poitien BERRicniagRetE Baicies), daadoiexBrhpreiPRNEI6E0Yed to use

one of Si02, Cr203, TiO, Ti02, and Ta for e le,, Ratent Docume owever, there is an
upper limit in oxides égpaﬁg %rfagré?ng %g%éﬁlédﬁgtﬁgéggaﬁ?é bgﬁ%%g?é} tg\grll)cil E\e\?gaa?rée;tféeo limitations
in improvemenrigdiding pasticies and isodation (0005 Meanwhiles intorderta furthesienhagice the
in-plane recording density, proposed also is a method of forming nonmagnetic areas by ion
implantationaﬁéﬁoﬂﬂmbﬁ/rﬁﬁﬁn@ﬁﬁﬁwt(fﬁpord'”g properties (for example, Non-patent

Document 1). The media are granuiar type magnetic recording media
where in the magnetic recording laver is formed a granular structure that
nonmagnetic particle boundary portions are formed between magnetic
particles growing continuously in the shape of pillars, and it is intended
{o both make magnetic particies fine and enhance the coercive force Mc.
It is known to use oxides for the nonmagnetic particle boundary
(nonmagnetic portion between magnetic particies), and for exampie, it is
proposed to use one of Si0;, Cr:04, TIO, TiO;, and Taz0s5 (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 isoiation.

[0005] Meanwhiie, 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 exampie, Patent
Document 2).

Patant Document 1. Japanese Unexamined Patent Publication No,
2006-024348

Patent Document 2: Japanese Unexamined Patent Publication No.
2007-226882

Non-patent Document 1: T. Oikawa et al.,, IEEE Trans. Magn, vol.38,
1976-1978 (2002)

DISCLOSURE OF INVENTION



example,Patent Document 2).  PatentDocument 1: Japanese Unexamined

[0006] However, as described above, when nonmagnetic portions are 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 Document 2, ions implanted with a
depth of 20 nm are dispersed with a radius of the order of several tens of
nanometers, With consideration given to the thickness of the magnetic layer
being about 20 nm generally, it is difficult to form non-magnetized portions, for
example, with a width of several tens of nanometers in the magnetic layer.
[0007] Further, in recent years, media have been proposed where an
exchange coupling layer is provided on the magnetic layer to subject
magnetic particies in the magnetic layer to exchange coupling. In this case,
the distance is further increased from the uppermost layer poriion 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 appiied o areas in which the magnetism is originally required
fo remain, and there is another problem that magnetic properties deteriorate
and do not allow use as magnetic recording media. Embodiments of the
invention provide discrete type magnetic recording media with a high
recording density using a method of forming nonmagnetic portions by ion
implantation.

[0008] 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 iayer, forming nonmagnetic portions
by implanting ions into portions corresponding to  between track regions of

the recording



Patent PublicationNo. 2006-024346  PatentDocument 2: Japanese
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auxiliary layer, and thereby manufacturing a discrete type magnetic recording
medium.

[0009] According to an aspect, there is provided a magnetic recording medium
comprising: a nonmagnetic substrate; 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 layer has magnetic portions having
magnetism and nonmagnetic portions made nonmagnetic by including implanted ions,
the magnetic portions exist in areas corresponding to track regions, and the
nonmagnetic portions exist in areas corresponding to between track regions,
wherein a guard layer is formed between the magnetic recording layer and the
recording auxiliary layer, serving to block migration of implanted ions into the
recording layer, wherein the guard layer has a thickness sufficiently thin that it
precludes formation of crystals, and wherein the guard layer is made of a material
having al least one of Ru, Pt or CoCrSi02 as a main component.

[0009a] In other words, a magnetic recording medium according to embodiments
of 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,
and a recording auxiliary layer having magnetism that is directly formed on the
magnetic recording layer, and is characterized in that the recording auxiliary layer
has magnetic portions having magnetism and nonmagnetic portions made
nonmagnetic, the magnetic portions exist in areas corresponding to track regions,
and that the nonmagnetic portions exist in areas corresponding to between track
regions.

[0010] The magnetic recording medium according embodiments of 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 CoCrSi0; as a main component.

[0011] In the magnetic recording medium according to embodiments of 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 subsirate.

[0012] In the magnetic recording medium according to embodiments of 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



Unexamined Patent PublicationNo. 2007-226862 Non-patent Document 1: T. Oikawa et al IEEE
Trans. Magn, vol.38, 1976-1978 (2002) DISCLOSURE OF INVENTION 3 [0006] However, as
described above, when nonmagnetic portions are 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 aloaost the same order as that of the implantation depth. In Patent Document
2, ions implanted with a depth of 20 nm are dispersed with a radius of the order of several tens of

nanometers. WilToH 4 o gheaihed eeriaekiasis vt meayaiivciegerdive myatiout 20 nm

generally, itis diffeatdindaemeneanasngtisechBarientdoTEXARRIGe Ity aifthAL Spyeral tens of
nanometers in th? ma tic,la%%v%OOO? Further, in recent years, media have been proposed where

an exchange colpimg layer|s ARFER e KgHaNeT YRt rsasjeerdizypeimesastisies in the
magnetic layer tiexdhangiercotyplingidndhizeasenthmdistanse is furbardaceepseshirary the
uppermost layer.portion. 1o, etic laver of the media, and there, js a problem that the width of ion
beams is furtherp%féad@réggﬁl%iﬁe% i%ﬁ%%}é%%hsﬁ&ea ?ﬁa%gnaet?é) Par%?nlﬁiﬁ]%i%g%gﬁo?%@?e applied to
areas in which tRefi&Eghetisnsid eifigfipialiyrreigairadresvetimainaandi therdageanothds proldem that

magnetic properiggieterinsaiaAnshde Aok alauiLseas w&,f%%%f%ﬁ-m%é’é%u mbodiments of
ng

the invention provide discrete type .maggetlc recording media with a high recordir gﬁ%ity using a
method of formiR§ HRMHETRIROBORM IS BRMES s tasenJd00B) PeRtive s retef the invention

thought of formingrarecocdiagpanditiayydayenthat irsamagipticdilmdhianeainaa amagpetic 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
[0014] In the method of manufacturing a magnetic recording medium

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 iayer.

[0015] The method of manufacturing a magnetic recording medium
according to embodiments of 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 CoCrSiC>2 as a main
component.

[0016] In the method of manufacturing a magnetic recording medium
according to embodiments of 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



4 auxiliary layer, and thereby manufacturing a discrete type magnetic recording medium. [0009]
According to an aspect, there is provided a magnetic recording medium comprising: a honmagnetic
substrate; a magnetic recording layer that is a perp%wdicular 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, yheviein $hsstapesfling-asHiae BYeid e Magnatc AR iapsthaxing magnetism and
nonmagnetic p(r)‘ﬁians made nonmagnetic by including implanted ions, the magnetic portions exist in
|

areas correspording 10 rdgfohRY atla HRPHEITHEGHefic JORBIL@XRERNCIRBaB EBRESponding to
between track regicmsjvgheteisrabgdareiayerf isHormeshbetyerr the magnatieresading layer and the
recording auxili r. serving.to block migration of implanted ions into the recordjng layer, wherein
the guard Iayer?éﬁ@fﬁ?c%%e%%%%ﬁ%ﬂi@ rt%’rol "that i?B?(eﬁé urd§§¥%?Tr%1%%%agP &cu’tr’y?s?g ‘,O%ﬁd wherein the
guard layer is magé beameansiisl reodrtngl lexet onvefiRe)Predp oty DGR asia praimoemponent.

[00092] In other wards, %5@?@6&&9@@%@%@@@8@&9{&0t%”%%%gi:%‘n%m%&wg%&“ve”“o” has

a nonmagnetic substrate, a magnetic recording layer that is a perpendicular magnetic film in which the
axis of easy magREFEN SRS BFerHBESsubstantially perpendicularly to the substrate surface of the

nonmagnetic SufTaINBies @titke recotsingnathokinngflayeiuingimponetismrbng is«dibrgHy formed on the
magnetic recordrirqg dl% egc%gg dES cl,gggerl%%rciiz%g [ thf'i{hthe recrﬁrdizgaaugifliiar{ H]gg/er has magnetic
portions having Magnetiam and nonmagnetic portions hade oA AgHEEC HHE MAFIEHE portions exist

in areas corresp@edidin larek regienteandrimaigtiei o qroTiagseticeplortions exishiri=tas
corresponding 1p hetieet Lack iR8iRNs\IAALD) TARMABnalc sPlag aedm-acqpiding

embodiments of to the invention may further have a guard layer formed between the magnetic
recording layer &M tHe teiEsRRRY aliiRamaeRRtcirrgnsdingdayers dinrasiomhaf thelpuded layer is made
of a material having Rus/RAIRA @f<CRA SLR%asRmalbaneeaat < 0o+1ddnihs gaagagtic recording

medium according, to embadiments of the invent%'on, it is suitable that a film thickness of the recording
auxiliary layer isPinerIRGH SARP TR IR SLOHAE S JrRgeS e iey 8RR B e magnetic
portions in the réggprdewgpaiixgidenddyer are preferably perpendicular magnetic films where the axis of

easy magnetiza t%]l g[jﬁﬁ (?91 stan 1ally per icylarly to the nonmagnetjc substrate. [0012] In
the magnetic reéorditﬁg.me |um$§gc?cord'|£r% égerﬁﬁeag w?i%}(% of the ﬁ{%’rﬂ?ﬁﬁ? %%V %ﬁﬂag € that a
protective layer [8F6R$IEH 'GRAFENG dareiing dufiaring evdirntiareheichstaneepfrorentied surface of the

magnetic recordiRgmiidmd G-foPeriirRgrearesidbeisky Tage ntne serading aunilianysdgyer 5
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 {o the invention;

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

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



is 7 nm or less. [0013] Further, a method of manufacturing a magnetic recording medium according to
embodiments of 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, formlqug ar cordm{g{(z{umhﬂa}%mryade of a magnetic m%eﬂr!al on the magnetic recording

netic. rec n ccording e nventl .an ) . .
layer, and non-ma%ne IZINng PO ioRs corresponding 0hetwesn s reglgns by implanting ions into

the portions correspongiag o ketveenytaek egiapsoh the secardinthatdiangysro QR LI the
method of manufacturing a magnetic recording medium according to the invention, it is suitable that

ions are implanfte® BYAgsieCtheaechrdingaslixianr fayeing tfethecordfigiatxiliary layer and the
magnetic recorgiggPyﬁ&ﬂ%@é]@ﬁgg@%%&@y@gt% Qf@agpetic recording medium

according to embodiments of the invention may further have the step of forming a guard layer in
between the magmetic 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 Efé?BPWﬂ‘?_é‘?%c*@ro‘fﬁ@r&u%f‘a& ?a;}éif%ﬂ%e%héﬁet‘i’@?éé&@ﬁw@l%w. Further,
itis suitable that the guardJaxerisimads ef 4 materigl havigg ﬁ%ﬂsﬁaé%daos 00Uz A% main

component. [0016] In the method of manufacturing a magnetic recording medium according to
embodiments dfttietinuentibnpitris stitable thatedifilmdhiokiegs ofitienecardiagiauxiliary fayer is
thinner than a film thickness of the magnetic recording Iaﬁg. Further, the recording auxiliary layer may

be a perpendicUl4PRidghetic fiffn WM thE aXidBf ehsy RfagR@ltidh ise8BAEMedBLtEntially
perpendicularly;{o-thenenmagnetic suhaiate, 4003 71 1pdbe mgibed of manyfactype.2 magnetic

recording medium according to embodiments of the invention, due to the existence of the nonmagnetic
portions in the recorting elixibarystagesr, the raghaetie poxtions amoettie rmagpetic2ré contiay ddyer
immediately below the magnetic portions can be made recording units, and it is possible to separate

between adjacéft ASLLFAIN W&P (65187 EIRREE IFFHY MG BF mARURRIURhG TRBEARLGC

recording mediugracearding seempadimeants ofdherinyentin instead Rfdhe.magnetierecqyding layer,
since the nonmagnetic portions are formed by implanting ions into the recording auxiliary layer with the
film thickness thitimsetiag tey ¢itnfthiekdeshof theortHyaets xéborditeyikyet, tispersignetienplanted

ions is small in the film n(}nma%netic %ortionf can be fgrmed ina deisired pzi\étern, an it isdpossible to

manufacture m38ﬁté?ir(jzs’%recor(ﬁ\lﬁg’rr‘ﬁedlaa}ﬁi?ﬁj Se”higﬁ?eco?&i%ﬁ% ?]%I{)C/. [88 Tﬁrtherrﬁgre? when the

guard layer isprptidesddeetneen the

[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 {ayer are formed a soft magnetic fayer
to supplement the write magnetic field in recording while fixing the
direction of magnetization in the magnetic recording iayer more firmly to
the perpendicular direction, and an orientation control layer to control the
crientation and particle size in the magnetic recording layer.

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



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. 1is a diagram illustrating a cross-sectional
structure of a magnetic recording medium according to the invention; FiG. 2 is a diagram

illustrating anota? $PGEE s8¢ FSndl SuBRRIEBIGhE nisshene ReBiiingE e dfint Sl PaREEthe
invention; FIG. 3iigta.giagram o sxpiain aymapgfagiying RLOGRSS ofithaafi snagasticiesgyding medium

according to the invention; and FIG. 4 Is a diagram to explain another manufacturing process of

the magnetic repoeding rredinen acderdiig tbakinhventioiep structure, fcc structure, and
amorphous structure, and preferable particularly are Ru alloys, Ni alloys,
Co alloys and Pt alioys.
[0025] As the magnetic recording layer 3, it is possibie to use
perpendicular magnetic fiims 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.
[0028] For example, it is possible to use CoCrPt alioys and materials
where for example, an oxide such as SiO; forms a granular 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 perpendicuiar
magnetic recording layer more effectively against shock from the
magnetic head. As the lubricating layer 6, a lubricant such as perfiuoro
potyether, fluorine alcohol, flucrine carboxylic acid, etc. is used to form

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



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 part of a magnetic recording medium according to the invention. As shown in FIG. 1, the
magnetic recording medium according to the inventign has a cross-sectional structure where on a
nonmagnetic sut@ gﬁe el1P are stacked an intermediate I?;}ger 2 formed of an adhesive layer, etc.

y [

t ] €
magnetic recotd S% 315rMad BT A REREHR THBRHL Y SEERATHG AR BFEF 8 mBtRim

protective layefpigadduiticaiinhlayes Gansbietecqrding Aavglian iy et 60‘9@&5‘%9%‘1@;9“““5 7
having magnetism, and nonmagnetic portions 8 made nonmagnetic. [0022]As the nonmagnetic

substrate 1, it ie possibléhe use giass sabstienss suahastbedaglarsstand #lalioysuibsates of Al-Mg

alloys, etc. [OogélnA%itg}% ;lntgg%%j!%% layer 2 fo; examtg)lelman adhesiv .Iaﬁyer L:&formed{o. enhance

adhesion betwéen e n0|¥magnet|c suBstrrté?gsénd%ﬁg uﬁperefgf?eF? Wit : i the cae{kde of the

perpendicular pagnetic tiegeishingtsystaie & HierdhesivedayRigie fiermeda soft magnatic layer to
supplement the write magnetic field in recording while fixing the direction of magnetization in the
magnetic recofdifigiayer wiete frimi¢o Mropetpernfietifdr dirdbgbnsaad wid brieitdtienteantrol layer to
control the orlentatlona%:lngartlcleash%e n m}!{ighmo%?[@)e“c recordlngtlayer. %%261,2\%; itShe adnﬁﬁlve layer, Ti

alloys can be uSed’As thesoft & magnetic layer, IS pnoos%%?éqpo usePatehaisinaué of $o magnetic

materials suchmasJres Nir&ek etegibasdhet osiemiation conienldayer tpratetabie ane gratrrialspaving an
hcp structure, fce structure, and amorphous structure, and preferable particularly are Ru alloys, Ni
alloys, Co alloyds&hat et RSy ST REIAS 8RO AAYhenE fetord g BEr BYit 19 possisnetizie

the recording auxiliary layer 4 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.

[0030} In addition, in magnetic recording apparatuses, in recording or
reproducing in the magnetic recording medium, a shorter distance is
preferabie 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 fayer 4 is 7 nm
or [ess.

{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 fayer 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



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. [0026] For example, it is possible to use CoCrPt
alloys and materials where for example, an oxide sueh as Si02 forms a granular structure in CoCrPt.

0027]Th di iligry layer 4 has th tic portions 7 having magnetism, and th
nonmbgnetic BBHIRS 5 RalE AONriSAnEVES A e FAEERe BB S R BUCT P @, for

example, CoGHrilaq elCragRertally RoRtipyous 8 the idpiane SHeelions of mayibenaiayer of
CoCrPtB alloys, etc. with high perpendicular magnetic anisotropy. [0028] The medium protective layer

5 is a protectivie $agee do protéabiireprd pepdisular avagndtie setording Rydidrentshvsidofa magnetic
head. Generally, .the layer 5 is [ormegBof carban, etc. ar?p capaberf%rmed by a CVD method or

[ :
Sputtering me %E?Cré? S"naaéﬁdé’it‘é‘d f/fﬁgoée/ﬂgmae%b fr¥1pr5\e/es the film hardness as compared

with the film depesited Ry the sputtering-methed e isccapaile ak pmtaeting, the perpesdicular
magnetic recording layer more effectively against shock from the magnetic head. As the lubricating

layer 6, a lubricithtiSGckia8 perfluerapolgéiper iriciieaiR omdl, flidisse Rathex\AtYacid eYc. is used to
form th fim. og xgmple, By R co%g Mg o, 9100200 e maopets cording

medium with such a configuration, due to the existence of the nonmagrietic portions 8 in Re recording
auxiliary layerdtgheimagneticipoiionstiband e usagnelic iepordingdayer 3immeniaieh: below the
portions 7 can be made recording units, and it is possible to separate between adjacent recording

units. For exa?‘ﬁi:ﬂe?rb?/ é%ﬁﬂﬁ&iﬁglvi@ﬂ’fiaﬁfﬁe‘ﬁi’a?dnétiq p%?ti_én”?ac%{f% sanidie dpﬂ%trdklﬁegion at
120 nm, and g widip,of ihe nonmagnetic;ppdinn,that is, a yidth, between track 5?%'&@?&@9 nm, itis

possible to actualize high-density discrete type magnetic recording media. Further,
non-magnetizinig thesteedddingnauixiliamg ey er drisdeot only segicn:conespoftimg to between track
regions, but also égzions corresponding to between bits, it is also possible to configure bit patterned

media. [0030] HP AdditicH % iy TReBRiIAgPISHAtuSea h RaSREHG RILHBAUEIR # the
magnetic recqgding mediym, %é@QFEﬁﬁ&i%QQﬁ%iing@%r@bﬂetR?tY&%eri‘r#b‘?aWt%Q%‘?pC head,and the

recording auxiliary layer 4, and it is suitable that the distance from the surface of the medium
protective layéu s ittt igy theysurfack ofettemégnetcf recordindyeiddiuns th errsaitesttpesitipn in the
surface in the rec ,rdinr% a%xigary layer 4 is 7 nm or less. [0031]To manufacture the above-mentioned
magnetic recocraiar%‘ g metnoc.

[0G35]
[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 sifructure 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 tayer 12
formed of an adhesive layer, etc. magnetic recording laver 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
tayer 15 has magnetic portions 18 having magnetism, and nonmagnetic

portions 18 made nonmagnetic.



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!3dxfiary fifer' 4, IR Ba5THiLNs B8 THE LY hortMAadhtRRiE Aty Hié nBRagnetic

port!ons 8 are f‘}m&%@réf@ﬁ %’&%’ﬁ‘%‘@si&iﬁa%%@@'%@ Implantiens Lsing & m@%kmbaéiﬁz%?ﬁg&e.d qnd
fabricated so as to apply ions to only portions desired to make nonmagnetic in the recording auxiliary
layer 4. [0033]A4 soties toiepleattisitds possibl touse AN B, |apBdPeCivE, etee and fibvaridadiand

combination ther%gf are notdI[i\rgét%% pgétii(:lélggy.tﬁgy ri]%q} can bg tused ghich destrgys magnetism when
being implantef HefRters y orion |m5Yantation IS adjus?ga S that 75 e TR inw?m PHtEd into the
recording auxiliagy dayer Astamaleniad ifps theymaskdt ispassible tediseranyaaterialaychas quartz,

soda lime glass and Si wafer which shields ions to enable a predetermined pattern to be formed.
suppiement 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.
[0037] As the adhesive layer, Ti alloys can be used. As the soft
magnetic layer, it is possible to use materials made of soft magnetic
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 particulariy 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 perpendicularlty to the nonmagnetic substrate.
The magnetic recording iayer is preferably formed from an alloy with Co
principally as a main component. For exampie, 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 laver 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 laver 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



[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 & 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 mediH 2D RAing S0 TR MR EfIDRNEL (PES-decthan 8t BRRENFhBPSTE Adnmagnetic
substrate 11 arg stackeda0;iesmediate layer 42 fopped eaﬁoe%ﬂn&%v(fé@{egrs&ﬁhmﬁ%%ic

recording layer 13 formed of a magnetic material, guard layer 14, recording auxiliary layer 15, medium
protective layema@ agidclubrioading & rl 73 dudtthe recording auwxiliaryylayee 13 hashmagmetic portions

18 having magnetism, and non netic portions.19 made nonmagnetic. a, [0036] As the
nonmagnetic gfﬂl%t'r%tfeoi”f? Il% is r&c?ﬁsi%f@ f%pu[ge S gﬁéig{?attgfgﬁéﬁ Q%%SHEE’\'Q’I‘?S;S BHd Rialloy
substrates of AhMgrafleyssrts, As tedatarmadiaiadaver 12, forigxample, A adhesive:laygr is formed
to enhance adhesion between the nonmagnetic substrate and the upper layer. On the adhesive layer

are formed a softthfafpiear fMydr'to Bupplemantahe pateanagheticefield iyetoring while fixing the

direction of m izatian in the magnetic recording layer. more firmly to the perpendicular direction,
and an orientilgéar?' C nt%[tll?a;;gF 503(?%8%1%35%%% |c%?65m apsaﬁ?cﬁe%ﬁ%ﬁﬁtﬁ%e@%&b%e%icﬂ%cording

layer. [0037]As: theradhesive ayer, i @ltayssimhayused As the sofi nagnalic lavee dhistpossible to
use materials made of soft magnetic materials such as Fe, Ni, Co, etc. As the orientation control layer,
preferable are #&tdR8ISRATIAY QR P[P s utBure Ycb strucre, ahd amrpruus sfra&tré fand

preferable parigylayly aye R ovs il algus- G aliars and Bl alloys, [003BIAS the magnetic
recording layer 13, it iS’possiblé to use perpendicular magnetic films in’whic e axis o easy
magnetization i$ QreeBsubsiantaly pempenshcplamy tel the aoAMmagBeticasubstrae:. The magnetic
recording layer isgreferably formed from an alloy with Co principally as a main component. For

example, it is pBE&ible tgrti:_‘sé’r@ééi"lﬁt BIARCHKE MR¥EITiAR (Fhard Teleskiim Py einloxri® eh as Si02
formsagranu'ﬁ{eStBé‘?%ﬁdirl:g@gRtagnetic recording layer from shock of a magnetic

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, ete. is used
to form the film, for example, by a dip coating method or the like.

10042] In the magnetic recording medium with such a configuration, due
to the existence of the nonmagnetic portions 19 in the recording auxiliary
fayer 15, the magnetic portions 18 and the magnetic recording layer 13
immediately below the portions 18 can be made recording units, and it is
possibie to separate between adjacent recording units. For example, by
sefting 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



[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 {q interfere with exchange coupling of magnetic
12 patrticles of the magnetic recording layer 13 via the magnetic portions 18 of the recording auxiliary
layer 15, while B8H@§hdres/ste giotitindAeMaghdiichetsiklind tapstud s thédfedsaiigyauxiliary
layer 15 when dm is.for For example, it is suitable that the material has Ru, Pt. Pd or
CoCrsSi02 as agr}%clfﬂ%%n% o%?r%[?q%]ﬁ%l%%éﬁl@s%s%ﬁgfera Py&ﬁ%etgrgn%%néw gnnert% '3 nm, and
particularly prefeeablysdramg[0040]idhe regordirg auxiliarydayerrdbibas thermagneticmerions 18
having magnetism, and the nonmagnetic portions 19 made nonmagnetic, and the magnetic portions

18 may be a laj&t ¢ o EB3Ef8 ABSChTa S8t E e RIaGRcHRERP BBREMDI Peferiphitfe direction, or
may be a Iayerigfaq;&pygg%@hlg){g, gggfwm}ehggpp%{gpﬁggpm%{gagnetic anisotropy. [0041] The

medium protective layer 16 is a protective layer to protect the perpendicular magnetic recording layer
from shock of dinaghetic haaditGenenalya ghe layee d6ris farmpdokcasken,istceancican e formed by
a CVD method or ?%ttering method. Carbon deposited by the CVD method improves the film

hardness as cdMpAEETHEh the fifn BESBEHY BYIRE BRI Retifod itefs €538BR of Protecting
the perpendiculat raaginelie sepaiding yrs MRikceHestivaly AgainsL ShARK fram Jhe rpagnglic head. As

the lubricating layer 17, a lubricant such as perfluoro polyether, fluorine alcohol, fluorine carboxylic
acid, etc. is usdd toafoimtthe filmitafoleekerhples B dalipedating method ac ¢heflikes [60AZ}lmthe

magnetic recording medium with such a configuration, dye fo the existence of the nonmagnetic
portions 19 in tH&O?Sggyaefn%]%ﬁfxi?iér@l%ésr .’L%E,’gtﬁ‘ér?‘ﬁgﬁn% iGoMiBAL S AEF M ARG RRcording

layer 13 immediatgly beiounthe RRIONSL8 FaRdeimade reending Unitsing ikisdpossible fo separate
between adjacent recording units.For example, by setting a width of the magnetic portion 18 that is a
width of the traBRrégis$at 120 nm, and a width of the nonmagnetic portion that is a width

[0044] 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 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,



13 between track regions at 60 nm, it is possible to actualize high-density 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 agddition, in magnetic recording apparatuses, in
recording or reproducing in the magnetic recording medium, a shorter distance is preferable between
the magnetic 238 dhd thé PecHhtindCaufiraiy 1ayeh 150 BHd iPIS sditsbigthaCMie afstihcE Fom the
surface of the p%%gi%qrgmqg\égequg%rl%that Is the surface of the magnetic recording medium to a
position nearest the surtace in the recording auxiliary layer 15 is 7 nm or less. [0044]To manufacture
the above-merfiéd&d magnetic recorgiizg médisime fari eeamplecusinga vac@ured dépasition
apparatus, in an atmosphere of Ar, layers of from the intermediate layer 12 up to the recording

auxiliary layer $8GrE ot BRAHEPRUHRAEGHR O &LRRLAE 1PLUERESSVER BHUaYE mdyMetron
sputtering metmq,c%daeeum@@iwm@m&%%@a&?y@m%ﬁeqmw@msgsRM the.GUk methed, [0045]

Then, using an ion implantation device, from above the medium protective layer 16, ions of Ar or the
like are implanteteimtdonllyiporifopidésired to atiketadnswatjradtio irs theeretairdingrausibiaey layer 15,
the portions are thereby non-a}g netized, aqd the n§nm netic portions 19 are formed. For example, it

is possible to iMprant fonE TG & ALKt Y 8Esighed AN aBRAEHEH & 285 BBBK ish&to only

portions desiregktosipakengaanagnetia ity thedesorsing apdliagy dayemloy At thisnpoitysiree the guard
layer 14 is formed between the recording auxiliary layer 15 and magnetic recording layer 13, implanted

ions are blockethbytisd igifdgd dayeiclaratideds bt difiegeines thetineytetherioording layer 13, 14 and
itis possible to yppiant igas O IR desiied RORoNS 11 the reeprding awdiiary (Ve 18- are
formed in the recording auxiliary layer 15 by ion implantation, as the
iubricating layer 17, for example, perfluoro polyether is formed by the dip
coating method.
[0048]
[Exampie]

An Exampie 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 ilayer. 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 iliustrating
part of a cross section in the manufacturing process of the magnetic
recording medium according to the invention.

106491 First, as the nonmagnelic 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,
poiishing and chemical enhancement successively, and the smooth
nonmagnetic substrates 1 each comprised of the chemically enhanced

glass disk were obtained.



[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 auxiliary layer 15.As a material for the mask; it is possible to use any material such as
guartz, soda lime glass and Si wafer which shields ions to enable a predetermined pattern to be
formed. [0047] [RR&0The NexmagHEti@ poriieRE ¢9 SRe PRdipRIAPParabNS. 18 are formese irethe

recording auxilig{yﬁlgyer 1g§b%i00r} imglaélct)?%iioré, [g(s? }Eﬁ%@%%%lg] LI‘%)é%'[&i %]Zéfolr exarglqlef rRggluoro

polyether is formed byotﬂe Ip coating metho xam%?é of the magnetic

recording medign:ascording tevihe invemtion il hesleserbad belew in @p exampleebusing a
perpendicular magnetic film in the magnetic recording layer. First, a method of manufacturing the
magnetic recoditg HfEdiulfvEécdrding 16 thdiveRiien $ra8sGMELPHRA reteténce to ARG.1BEFIG. 3is a

o e Raukola cigeP 309 Anlas AR IDGPLORRER AL I8Ee JeRording

medium according to the invention [0049]First, as the nonmagnetic substrate I, amorphous
aluminosilicate fglassavas fornathintosa thsic shapisy, disettress nangrglass slisks weinenpsepared.
The glass disks were subjected to grinding, polishing and chemical enhancement successively, and

the smooth normaghétfe Ehndite? e dchieimstse@oPtha Ehetdit iRy Bt etitiRiss Uitk were

obtained. so-called AFC-SUL sfructure with Ru therebetween. Then, a film of Ru

with a thickness of 25 nm was formed as the crientation conirol iayer.
Subsequently, a film of CoCrPi{-SiO; with a thickness of 13 nm was
formmed as the magnetic recording layer 3, and a film of CoCrPtB with a
thickness of 8 nm was formed as the recording auxiliary laver 4.

{0651} 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.

[G052] 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 §, quartz giass 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 iubricating faver 6, a film of perfiuoro polyether
with a thickness of 1 nm was formed by the dip coating method.

{00541 in the magnetic recording media that were manufactured as
described above, after removing the Iiubricating layer &, magnetic

properiies were measured from above the medium protective layer 5



5 [0050] Next, using a vacuumed deposition apparatus, in an atmosphere 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 W&ﬁ( ormed as the adhesive layer. Next, as the soft
magnetic layer, a film of a FeCoTaZr alloy with a thickness of 50 nm was formed to obtain the
so-called AFC-Stigstraictiveawith Ruf tierebetiveest:oan, anfilmibf Ra svithredtigkress Hfa#5 nm was
formed as the or.if(?ntation control layer. %ubse uently, a film of CoCrPt-Si02 with a thickness of 13 nm
ik 5 i

i Vg aﬂ/cer ) gﬁgra'ﬁﬁn o?)&%tCr %Wﬁ‘lﬂa ﬂji ?negg%ﬁ?ﬁm was

5.
was formed as%e magnetic recordi

formed as the reseedipgratixiiaty iayersdR8ad ] pdrannyhilexkee piigi the vasuweep Awthe medium
protective layer 5, a film of carbon with a thickness of 5 nm was formed by the CVD method.

[0052]Next, iorf ppleitaras flés perfopmadio v Wotnagnatieportients in thieerebevdin iauxiliary

layer 4.In the ion. implantation, Ar ions were implanted using,a commercially available ign implantation
. mpaniation, “he'lR 5 . “
device under tHe condition tha ﬂweer gz%% Wgsnix%iis(fgr{g/crﬁZ?.ORtn%ﬁlgnggﬁtP gétg)fr}ﬁ’agk 9, quartz

glass was useqogiths p patigreforatesd theraivisycththah e umdih ofrenmagpeticpatinnssphich were
portions to non-magnetize was 60 nm, and that the width of magnetic portions 7 was 120 nm.
[0053]Finally, £ fhadtiBRidatiAeRYerS 2 BiRT 8f PeMiudre perkth IestRIRIKMESS BF QAT was

formed by the djn£aatag,KethRdy DIt hermaohelc RAY g Media gt nvere Magulgctured as
described above, after removing the lubricating layer 6, magnetic propérties were measured from
above the mediurdepratective daydrsb crystal structure is different between the magnetic
portions 7 and nonmagnetic portions 8.
[0058] Next, after removing the recording auxiliary layer 4, electron
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
tayer 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.
[G058] 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.
[0088] Further, in the method of manufacturing a magnetic recording

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



16 using a magnetic force microscope, and it was understood that 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 portions 8. [0055] Further, after removing the medium protective layer
5, electron diffraction in a spot of a plane TEM (Transmission Electron Microscope) was observed on
the surface of iPleeedrdimgraantingy fiferd o dhe itasasdinderswooathaa vae drydtal Sieubiare is
different betwiﬁn tp‘% o rileticrp&rgior}%a? a&dtgonmagne{jc pg{r:t(i)o',gs 8. [0056 eé_dg after removing the

recording auxi |a'%5<1ayer , lectron d?ffrac%ion in a ?p% OF Cerplane LP@I\}I (yﬁzr;mSmlls ion Electron

Microscope) ws iphseived onthe surtasaiofithemaagnetic recordiggdayend apddt was ungerstood
that the structure is uniform in the magnetic recording layer 3. [0057] From the above-mentioned
respects, it wal§ ¢BAflrified ffstRE RriiPEticaREd dhd AfeHIm laceHBifig 15 fife iMU@ARGH s a

magnetic recojding TiediymahelR g uaANsic osian.g and e maggetc ecaidiod javer 3

immediately below theportion 7 I1s a single r ing unit. [0058]As descri ove, in the magnetic
recording medigssédeording tonthe inwentren, byipreviding tiweerecoedingiauxiliarydayer 4 wyith the
nonmagnetic portions 8, the magnetic portions 7 and the magnetic recording layer 3 immediately
below the portitiis ﬁ?ac%eﬁ'é'ﬁ‘%g%eré%ﬁiﬁf@%ﬁit@ﬁ“éﬂﬂ’iﬂﬁ‘é’ PoésinE &5 Reparate! Beti/depeadjacent

recording units, JORSP] Fyrtker, i the,giethpd of manuiactuing.a, magrelicregerdigg Medwm
accordlng to the invention, since the nonmagnetic portions 8 are

recording media by non-magnetizing the recording auxiliary layer 4
corresponding to between track regions and between bhits.
[0060] Moreover, the materials, sizes, processing procedures and the
fike in the above-mentioned Embodiments are of examples, and are
capable of being carried into practice with various maodifications thereof
within the scope of exhibiting the effects of the invention. Further, the
invention is capahle of being carried into practice with modifications
thereof as appropriate without departing from the scope of the invention.
[0661]
[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 fiim 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
iliustrating 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 giass was formed into a disk shape by direct press, and

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



17 formed by implanting ions into the recording auxiliary layer 4 with the film 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,iigis possible to manufacture discrete type
recording media by non-magnetizing the recording auxiliary layer 4 corresponding to between track
regions. Furthep!islypbssidie wamshcRirbasicpairtheduecosding thediadythen-sagattizing the
recording auxigg%_l% %re%i gosrg%ssgpaqgingﬂogaeé een trargger gi(,?n{% an%betweﬁn bits. [0060]Moreover,
the materials, sizes, érocessmg procédures an tie Tike ihthe above memtiched EROYifEnts are of
examples, and;rrescapable=0é keingqadried 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 atidhzthereiflad HpproprRtedFmvst de pHrtAriiom the Bcopecsitherivention.

0061] [Anotheg Examplel .o, Anptbes sl af s agnets serareing,mediym gocarging to the

invention will be described below in an examp using a perpenalcra ar magnetic film in'the magnetic
recording layesuEirst savaagthod of ananufacturing theenageeticeeadingymediem acaerding to the
invention is described with reference to FIG. 4. FIG. 4 is a diagram illustrating part of a cross section in

the manufactuifit§ (1o as B Y rRdGheR PECEHRIRG rMRRIM ERE SR I the misistion f062)First,
e e LS SR BRI ke >

was formed as the adhesive layer. Next, as the soft magnetic layer, a
film of a FeCoTaZr alloy with a thickness of 50 nm was formed to obtain
the so-called AFC-SUL siructure with Ru therebetween. Then, a film of
Ru with a thickness of 25 nm was formed as the orientation control layer.
Subsequently, a fiilm of CoCrPt-Si0; with a thickness of 13 nm was
formed as the magnetic recording layer 3, and a fiim 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 auxitiary layer 15. Then, whiie keeping the vacuum,
as the medium protective layer 18, a fiim of carbon with a thickness of 5
nm was formed by the CVD method.

[0064] Next, ion impiantation 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/fcm?). At this
point, as a mask 20, quariz 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 fayer 17, a film of perfluoro

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



18 polishing and chemical enhancement successively, and the smooth 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 intgrgnediate layer 12 up to the recording auxiliary
layer 15 by the DC magnetron sputtering method. As the intermediate layer 12, a film of a CrTi alloy

with a thicknet208510 nth Wi MBPRBEYNS ReaEMBgvERSEr. Niakt Wy e Sttt MSGHEEE [@5er, a film of
a FeCoTaZr aligy with 8 tickness #{50 nuwa formed 1o obiaindhe so-called ARG Sty structure

with Ru therebetween. Then, a film of Ru with a thickness of 25 nm was formed as the orientation
control layer. Stiyseqisantye @ fimeot CeGrPte$i02 brtheatthicknegssiof 13 sterivas fayeedids 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 layefSia8 A RInTHIREERPE Wifh HHIERANERR%F 8Afh Whs ¥6rnetBiF Ik gHartAYer 14 as
the recording gixilianciayerihs. Themavhile kesping dhe vaguum s e medium nigielive layer 16, a

film of carbon with a thickness of 5 nm was formed by the CVD method. [0064]Next, ion implantation

was performeddu ¢sme mbnmagribtcrpagicrisip tibasesotirg dwpdiidioniayer ids rpth ngntimplantation,

Ar ions were implanted using a commerciall% available jon implantation device under the condition that
|

the dose was TLOTE TEHEIEND)PATHRRS poivre, 3% ALK2D, NGRS s WAE G BAINEH'S pattern

formed therein suehatethe Mgl ofReNRaGNELG PEEIRNG LPWRich WEFR ROTEIOARIRNPY-Magnetize
was 60 nm, and that the width of magnetic portions 18 was 120 nm. Finally, as the lubricating layer 17,

a film of perflU8@Ppdlydtheihwithadt eickimesys of 1 mmed formeetbytive thywoafingiaetieod. 19
[0065]In the mcagnetic recording rpegig]thq were. man actured as described ghove, after removing the
1 oL O e ane

. . clionin a s ransmission tlectron. Micrasgope
lubricating layéer f‘?, magnetic properties were measu edFrom 'aBove e medidm profec?lv layer 16

using a magnetitsfereedniepsaoRBe anGHbvwasounderswast dhag difirienspsdydnagnetia graperties exist
between the portions corresponding to the magnetic portions 18 and portions corresponding to the
nonmagnetic perfios 497 daachdb e HagretsialinHe phagheic phfesnatlPrRINRHer than the

magnetism in ﬁ%cg%@@a netic Pigl%%ﬁl"%’{‘?{%%l Frt SFH%E%W moving the medium protective layer
16, electron diffraction in a spot ot the plane ransmission Electron Microscope) was observed
on the surfacg@iahre remesdingrauxiiaty Jayertib, rand itinasaundessjoodhat e orystal staucture is
different between the magnetic portions 18 and nonmagnetic portions 19,

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 fo the invention is a magnetic

recording medium where the magnetic portion 18 and the magnetic

recording tayer 13 immediately below the portion 18 is a single recording

unit.

0089] As described above, in the magnefic 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



[0067]Next, after removing the recording auxiliarylayer 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 gespects, it was confirmed that the magnetic
recording medium according to the invention is a magnetic recording medium where the magnetic
portion 18 and & AdheREFecording layer 13 immediately below the portion 18 is a single recording

unit. [0069]As Hﬁ%'beg@q%?, i.p‘ tltﬁlg magn g recol I ium according fo the invention, by
providing the record?ng auxiliary |ayer815 Witﬁ tge non%gga%ﬁgpgg%tigng f@,’%%/ivcas{?ﬁ:géglsgssible to
make the magmetiti portiens dBranddhe magneticaecardiag layerbhimrgadiatelydbetovs the portions 18
recording units, and to separate between adjacent 20 recording units. [0070] Further, in the method of

manufacturing® YRR PACHRAMR BTG 2BHdIRG tEPtRE SRR iR IShcéare nbantdlhetic
portions 19 are formad By Jmplagtingjaos ieatgntnﬁg{ewqm,mgg%@war%jés Ath 4o filim thickness

thinner than that of the magnetic recording layer 13, dispersion of implanted ions is small in the film,
nonmagnetic pbsiensicandieifophaadan actesired pettenn, anel ftlis possibie go enianotacivres magnetic
recording media with the hi%h recording density.For examé)le, it is possible to manufacture discrete

type recordingedif by HBRdmBgAefifing e FaESing Rtixifidsy RYRH RE ciRrddpBHERES

magnetic recording media with the high recording density. For
example, it is possible to manufacture discrete type recording media by
non-magnetizing the recording auxiliary fayer 15 corresponding to
between track regions. Further, it is possible to manufacture bit
patterned recording 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 auxifiary 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 tayer 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 précedures 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.



between track regions.Further, it is possible to manufacture bit patterned recording 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 blotked 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 pgjtiopg ) 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} Fwt}p}er the inver&t.ion IS éf@%a{pcl)% ltl g%ing carried into practice with modifications

thereof as appropriatea\?gv?tﬁgu’:[ea%g}%rrllée m the copg'of the invention. 21 CLAIMS: I. A magnetic

recording medium comprising: a nonmagnetic substrate; a magnetic recording layer that is a
perpendicular midYREERPCiRRHiElF an axis of easy magnetization is oriented substantially
perpendicularly to a substrate surface of the nonmagnetic substrate; ~ and a recording auxiliary layer
having magnetigi#Eazts tirecdipadeniadiaon te et Feeoriiviy 1ayB rnWHErBir AR fedSitiing

auxiliary |gygfdmesinagnsticrartians:having masnetism ard Namnagh alicowians Magde nprmagnetic
by including implanted ions, the magnetic portions exist in areas corresponding to track regions, and

the nonnTHGHEIE portions exist in areas corresponding to between track regions,

and a recording auxiliary laver having magnetism that 1s directly formed on the magnetic
recording laver, wherein the recording auxiliary laver has magnetic portions having magnetism
and nonmagnetic portions made nonmagnetic by including impianted ions, the magnetic portions
exist in areas corresponding to frack regions, and the nonmagnetic portions exist in areas

corresponding to between track regions,

wherein a guard layer is formed between the magnetic recording layer and the recording

auxiliary laver, serving to block migration of implanted ions into the recording laver,

wherein the guard layer has a thickness sufficiently thin that it precludes formation of

crystals, and

wherein the guard laver is made of a material having at least one of Ru, Pt or CoCrSiO2

as a main componeit.

2. The magnetic recording medium according to claim I, wherein a film thickness of the
recording auxiliary laver is thinner than a film thickness of the magnetic recording layer,

whereby non-magnetic particles can be formed in a desired pattern.

3. The magnetic recording medium according to claim I, wherein a protective layer 1s

formed on the recording auxiliary laver, and a distance from the top surface of the protective



wherein a guard layer is formed between the magnetic recording layer and the recording auxiliary
layer. serving to block migration of implanted ions into the recording layer, wherein the guard layer
has a thickness sufficiently thin that it precludes formation of crystals, and wherein the guard layer
made of a material having at least one of Ru. Pt or CoCrSi02 as a main component. 2. The
magnetic recording medium according to claim 1, ®dherein a film thickness of the recording auxiliary
layer is thinner than a film thickness of the magnetic recording layer, whereby non-magnetic particles
can be formed in a desired pattern. 3. The magnetic recording medium according to claim 1,
wherein BFfetfARAERES e st e RedraiNgikifary Bageisnd a distance from the top
surface of the protective 22 layer to the top surface of the recording auxiliary layer is 7 nm or less.

4. The magnetic recording medium according to claim 1, wherein the magnetic portions in the
recording auxiliaryrlaygr are RetRengicularmaoneticdimsovhgre therxisoheasy, magneiization is

oriented substantially perpendicularly to the nonmagnetic substrate. .
in the recording auxiliary layer are perpendicular magnetic films where the axis of easy

magnetization is oriented substantially perpendicularly to the nonmagnetic substrate.



