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 jn capacity of information processing in recent
years, various information recording techniques have been developed. Particularly, the surface
recording density of the HDD using the magR&RTBEBdRYitechnique 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 i4/Aemande e aomalirehadinfamation recording density
exceeding 250 GB per square inch. AND

MANUFACTURING METHOD OF THE MAGNETIC RECORDING MEDIUM

TECHNICAL FIELD

[0001]  The present invention relates to magnetic recording media
installed in a bard 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 infarmation re'cording techniques have been developed.
Particularly, the surface recording density of the HDD using the magnetic
recording technigue 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 pérpendicular 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 magnetiﬁ recording media
used in the HDD, etc. perpendicular magnetic recording media by
perpendicular magnetic recording sysiem have been proposed in recent
vears. In the perpendicular magnetic recording system, adjustments are
made such that the axis of easy magnetization of the magnetic recording
layer is ariented 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



[00031 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 tisemugntiigatahiiom sinenorsendn Josye tsapprestesl agi sonmpiveih itupe aonventional
in-plane recordingrae}/ste&tn, and is suitable to introduce high recording densities. [0004]As the magnetic
S

recording medfE 0seddn %%sbté?ﬁendicular magnetic recording system, CoCrPt-Si02 perpendicular

magnetic recqudipgmegdia haue Bagn siepesest Brcpuse suchunafianngieatedhighhaaiistability and
excellent recording properties (for example, Non-patent Document 1). The media are granular type
magnetic recoréigigatiedid SAEHNE theYwaghetic e tidifdaye PRy ReseeEagramaganstGcture that

nonmagnetic patlicle houndary periions are-famed pafwesn magnelic parlcles rguing gontinuously
in the shape onﬁIrars,gandei i infended fo both make magnetic particles fine and enharice the

coercive forcenkigr Btisokmgvahto aisee0xitiesstairthadpropagrietic(particlerhpLndasy (parnagnetic
portion between magnetic particles), and for example, it is proposed to use one of Si02, Cr203, TiO,
Ti02, and TaZB8cHsr&Karhble, PieMe st @ife @2 HRiweRS , o8 ®iam appenaiins YRides capable

of being Cont%ﬁéwAhﬁgﬁ%%gﬁmqe%w P RieapiRe draariana e Kherguedgile in fine
particles and isolation. [0005] Meanwhile, in ofder’to further enhance the In-plane recording density,
proposed alsaishanagptboid of dotiviie ghaamaagnelicttseas deidio impiariatepafenfagnatga
particies growing continuously in the 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
(nonmagnetic portion between magnetic particles}), and for example, it is
proposed to use one of Si0z, Cry03, TiO, TiO2, and Tay0s5 (for example,
Patent Document 1). However, there is an upper iimit in oxides capable
of being contained in the particle boundary, and there are also limitations
in improvements in fine particies 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 exampie, 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)
DISCLOSURE OF INVENTION



magneticlayer (for example,Patent Document 2).  PatentDocument

[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 probiem that it is difficult fo 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 fo 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 particles in the magnetic {ayer o 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 probiem 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. 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 fiim 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



1: Japanese Unexamined Patent PublicationNo. 2006-024346

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
régions.

[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 suitabie
that the guard layer is made of a material having Ru, Pt, Pd or CoCrSi0, as

a main component.



PatentDocument 2: Japanese Unexamined Patent PublicationNo. 2007-226862 Non-patent
Document 1: T. Oikawa et al., IEEE Trans. Magn, vol.38, 1976-1978 (2002)

4a

[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 fayer. 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 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



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, tk?e 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 dispergg ngo? {&%ius of the order of several tens of nanometers. With consideration given to
the thickness of the magneétic layer being about 20 nm generally, it is difficult to form non-magnetized
portions, for exa/ite Fwithes, vAdnebiose péralewie ¢t rag chisrgsalalieqorsipetioddissn. [0007] Further,

in recent years, Sgdif g3y CRRRIUMBRASEANESE AR SXE PgR-eRURINO IPYRL IR radded on the

magnetic layer to sub%ect magnetic particles in the magnetic layer to exchange coupling. In this case,

the distance is TR iREPURSITRIFRGlE 'GoREHRG AYE] b S foRap Beim A BRENSYEr of the media,
and there is a fireblemihhtheevididsobfordsamaihilitheshraaderetadntibhadansikeach the
magnetic layer, a.a? tgziu%i%aﬁaerr i?nsbare aﬁ)&'iﬂd to areas in which the ma nc—gﬁmtis origr;nally required to
remain, and thBFEnS Bnot elprO !]Srﬁ a{%eaSHeﬁgepPoger?gén&gt%?lgra & and'aS Mot &llow use as
magnetic recoringyagsditc Boisduiiae ftsnoithetimesntibngavidéadiscietertypadaagietic recording
media with 2 highdeeRrdnadiEnsll NG SMAId el iERgJORMAINSHMAOHIAOR BY ion

implantation. [0008] The inventors of the invention though orming a recording auxiliary layer that is
a magnetic filnPEAHRE IPHERSRAENGCIS) R Bh P RfIGRIARS IR SRR gRiofs iRl BEthe magnetic
layer, forming perbagrReHesstions by Henlasingd60sdaiehp ULions ceuREN BURG seypetween track
regions of the lirgcgrrding 4 auxiliary layer, and thereby manufacturing a discrete type magnetic
recording medifhy [0009] According to an aspect, there is provided a magnetic recording medium
comprising: a nehtiagneticesuhsinate ;i memgnedctuaogradingkayestih atdsoadiey peraicutar magnetic film
in which an axgc%ﬁgﬁg m@gg%%’lﬁ %}lgﬂﬁglﬁqu{ﬁgggl%a{)’ %]gé%l@{%t%@tﬁgbstrate surface

of the nonmagnetic substrate; and a recording auxiliary layer having magnetism that is directly formed
on the magnet/€FeEHrdiRy sy, \ieTéntiser esenriie Paelirddy IRNAS 316 Waagprgieeiiertions having
magnetism an@-eermagagte portions made nonmagnetic by including implanted ions, the magnetic
portions exist i areas corresponding to track regions, and the nonmagnetic portions exist in areas
correspondingﬂﬁgtﬁi\/\/ﬁgﬁ t 8&%& s,mv%‘é'{@ﬁ? "iafd E?QP%‘?orFﬁgﬁ%’é‘gvéaﬁqH@magnetic
recording layemaaoordiveg récandingdanzitarpidper irsexntiog tonblobkrimégratioa aiényanted ions into the
recording Iayelrf Ymﬁ i layer i fficiently thin that it precludes formation of
Sl r%’et F? Dearaddays dmb%fya §e ﬁk‘é“?ﬁéﬁ%{f& ?Qéé(rﬂl“é%s%%}ﬁ} BIRE'tA

crystals, and wherein theguard layer is e of a material having a e of u,%t or CoCrSi02
as a main comFSRENNGOROF M laufsr Woklls sanaghetc veitehngahdbriauacdoriag to

embodiments gidbesinyastighdiaseunepMagnetis sHskate sadnagneinsecpidinglayer that is a
perpendicular ma%;netic film in which the axis of easy magnetization is oriented substantially

perpendicularlyi8'BESS B ARG HAIRCEIHRE FORHAYHENE s Eirafecaiding RICHHARY auxiliary layer
having magnetisyarthatlithdireetlydtcneshaintn e peagheticae cordingtiylertrandrs gharacterized in that
the recording auyliafy |ayst hasagnels RarionHadogmagnelismand noamagnefc portions made
nonmagnetic, the magnetic portions exist in areds correspondingto track regions, and that the
nonmagnetic peHiB®OeNist in areas corresponding to between track regions.

[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



[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 CoCrS102 as a main
component. 4a [0011] In the magnetic recording nfedium 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 recqrding auxiliary layer are preferably
perpendicular r%%\%t é( S ﬁlﬁﬁam%%’@%\%g%i <\ SJHUIPREBATS BRI substantially
perpendicularh{@6tAE mahmagnethiod utfstrasu{8GLhin the magretiic resoxdiing medlisrm according to
embodiments of the. ifyention, it itable ive layer is,form n the recarding auxiliary
layer, and thatai{ie igtaiqg%%mdgﬁﬁ{%%cépﬁ {%g{ r‘?@ﬁééﬁc@éﬁdﬁ% %%9, |u?ﬁ?oorfle[|§gsition nearest
the surface in tRBNBE6RRHE RRNMasyNdheresesdng m bt ey e 3lheurhensiamertiotsof

manufacturing mm%&gm¢%mxﬂgi_wéqma@twmmim%%%m% IpYRRIRN Is

characterized by having the steps of forming a magnetic recording layer that is a perpendicular
magnetic film ir?y%nz?%?l ﬁ%@dz?xi'%eﬁ?rgé{% m3etiZAfol /8 ARsHiRE gﬁb%?&ﬁf%tl?y p@%@?ﬁlcularly to the

substrate surfagédjatenneumaineticisubstrate on the nonmagnetic substrate, forming a recording
auxiliary layer r@%qgﬁﬁtﬁé?ﬁ”}ﬁ“%@aﬁi&% n é?en%%%’%‘eé'{ﬁrEﬁcorad‘%’%&g@% aP%B‘PJ?ﬁrg“aQ”e“Zir.‘g
portions corresponding to bétween frack regions by implantingions In e portions cerresponding to
between track Fegib#s eransdivedaiangladintenis|af dre[Doeation tinstpetheidiof magoésicturing a
magnetic r_ecorﬁgesrwipé%_acgﬂe@r&aé%mﬂagﬁeﬂerbdmmﬂ@@'?o%d%? B nmignted only into
the recording auxiliary layer in the recording auxiliary layer and the magnetic recording layer.
ions into the recording auxiliary layer with the film thickness thinner 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 struciure of
the magnetic recording medium according to the invention;

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



[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 mate? R AHGIFRCRIA P8, MU DRSSICHR G E0a! iai A @IHiIpBA&Md [0016] In the method of
manufacturing a ma ic yecordi ju cording to embodiments.of the invention, it is suitable
that a film thickness%?t ‘e‘{rel(c%o%‘diagg%l ugm ia{}.;/%l gra?g t %%%retrhgnag?ﬁ&r‘rﬁ;%f&%e%?g;s ﬁﬁse?ﬁagnetic

recording layend-niréiers filver secotiing rauxiliany dayeranay fethgpripentiicular magnetic film where the
axis of easy magnetization is 6 oriented substantially perpendicularly to the nonmagnetic substrate.

[0017] In the A ﬁgm%ﬁﬁ&@ﬁﬁgméﬁ%gr ahhﬁfrhléfdfah% according to embodiments of the

invention, du%géq? 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 unitst et iti e possitaledar sg parateh betmesrtiadjaegh e cbed tribenits.g @04 8] Further,
in the method of manufacturing a mar%netic recording medium according to embodiments of the

invention, inst3%F8r L FHAYHBEE redolTind 15/¢?, SIRGEARE Hustalnatt sERthEerETBAhed by
implanting iongdgtadhe recopding sndliana e with tagdilg thickness thinnguthgn thedip thickness

of the magnetic recording layer, dispersion of implanted ions is small in the film, nonmagnetic portions
can be formedniveadesired patteshowind itnis p&Ssible téhaamufactate mEgetngcordihigmedia with

the high recordin% %ensit}/. [?|919. Furthermore, when the %u rd layer is rovidecﬁbetween the magnetic
recording Iayéarcacn{i reCor ing %u&lﬁgrnyil%?/e ,ai%n% e Sb‘cfé%/ FHEE 3R ﬁh’§ﬁ1gwl tdhe I?fnﬁgnetic

recording layero A §aBtRE smpbanies intardesitrt HOrHANT I8 e dppQrdingAuXiianh lyejras
designed, and it is possible to manufacture magnetic recording media with the high recording density.

BRIEF DESCRIFJOMF OE BRAWENG Sragnetic 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 rmade
nonmagnetic.

10022] 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 fayer 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



[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 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 7 magnetic recording medium accorging to the invention; and FIG. 4 is a diagram
to explain another manufacturing process of the magnetic recording medium according to the
invention. BESTPMGHE EOR-CARR PR Be toriyEaNvERTRIN made of soft magnetic

materials such as Fe, Ni, Co, etc. As the orientation control layer,
preferable are materials having an hcp structure, fce 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 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.

[06268] For example, it is possible to use CoCrPt alloys and materials
wheare for example, an oxide such as Si0; forms a granular structure in
CoCrPt.

{00271 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, CoCrPiTa,
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, eté. and can be formed by a
CVvD method or sputtering method. Carbon deposited by the CVD
method improves the film hardness as compared with the film deposited
by the spuitering 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.



[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 invention has a
cross-sectional structure where on a nonmagnetic sybstrate 1 are stacked an intermediate layer 2
formed of an adhesive layer, etc. magnetic recording layer 3 formed of a magnetic material, recording

auxiliary layertd0Adidm ProBtareeisdrsdA RIS RANY MiEre dha GRFYRERG atifiary layer 4
has magnetic ROfHENS,{AaYH (RARBSHSHI 200RRNPAGRRIC PRRIANS A mAdmBonmagstic. [0022]As

the nonmagnetic substrate 1, it is possible to Use glass substrates such as soda glass and Al alloy
substrates of Ay dlloys; etta{Pe2E] Asthenaternaediate dayes @nédicexamplEpgn lagkesd/e layer is
formed to enh,ancecﬁldhesion getw en the nonmagnetic substrate and the upper layer. Further, in the

case of the pefPRFHRIRY EPEE FeRSTHIRGSysteth, bR RBLURBSR/S1BgY M 1l Ssoft

magnetic layes i SURPIRMAPSha wHtaweesnglatielt insesending:wikile fixngdhe diretion of
magnetization in the magnetic recording layer more firmly to the perpendicular direction, and an
orientation coAgdingyer widbntadl the oriearsion andtigarticidsiteiin ehevidiiyadtithecbating layer.

materials made BECoRtmAnaIl: AL eh L Fa Al RCUE bALAAch BOnol rayer

materials madé o Soft magn%flnc ma

preferable arepeatedalshawing gid henastactune, feqstpudsigcans aneamreuRighLeiwa@nd
preferable particularly are Ru alloys, Ni alloys, Co alloys and Pt alloys. [0025]As the magnetic

recording |ayé}igg;ip;§p\‘(y§§ibréqgr@g%c recording media. Further, by non-magnetizing

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
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 iess.

[0031] To manufacture the above-mentioned magnetic recording
medium, for example, using a vacuumed deposition apparatus, m 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.

[0632] 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 swugh as Si02 forms a granular structure in CoCrPt.
[0027]The recording auxiliary layer 4 has the magnetic portions 7 having magnetism, and the

nonmagnetic POFHGAS &R 488 THNIHEIRE MHFRE ARYNRESOHGRO P HRRBPHECA $5 €7 8f, for
example, CoGt]&q elCrBaghgtically RORUPYOLISE IBQ%%%@‘?&{'[E‘*E@ U MaYbeadqyer of

CoCrPtB alloys, etc. with high perpendicular magnetic anisotropy. [0028] The medium protective layer
5 is a protectide sayee dogordtéab i pefpemdisular apadgnétio secoraiivhy fayrionemishivek! dba magnetic
head. Genera[ﬁ/ the Iaé/er 5is formedBof carbon, etc. and can be fgrmed by a CVD method or

Iy, -
sputtering metRBECABBIP BRBYSIEABY IRECUDIUKYE hF8GES the film hardness as compared

with the film dgppesited Ry 1bespatRMgMatnah A dRcrRPable RF Psoteating thegerpengdicular
magnetic recording layer more effectively against shock from the magnetic head. As the lubricating

layer 6, a lubrivahttbgcking parduerdspitativerfrichicaatcolw, Hudede rrantoxityacidyretc. is used to
form the film, for ecxae}]mgleulgg %‘r‘? C}Q%tt%ls? method onretpe like. 9 [%029 In th?anl%%pen%ecordlng

medium with SUCH & ton igura |on,'8ue he'éxisfehte lcs){rfhvéﬁ}l%%m%’& e{InC?%ORIOHS 8 in the recording

auxiliary layerididheitpagnehcipoionstivand thewsagnebctrenorehRgdayen S ymegirtely delow the
portions 7 can be made recording units, and it is possible to separate between adjacent recording
units. For exatifflety see@igiBvRIPf HRMNe AMEgnttic partidniTaieatas fofithe orafk (rHckSregion at

120 nm, and M‘QQF&%H %dge‘r’]%%?g&‘&%%BPrstl%tQQtdﬁﬁ%%i,dé%c?&%qug%?_skéﬁ %’@v%‘fép nm, itis

gi
possible to actualize high- Iscrete type magnetic recording me urther,

non-magnetizingi thesteetrdingnhauilieny bty er drisdeos oniy «e gians cote spofuding do between track
ions corresponding to between bits, it is also possible to configure bit patterned

regions, but also re

media. (00301 oA 7 rAGNBRE TR BPAaR.Ge2 A ragsHBRTlF portions 7 are
formed in the recording auxiliary layer 4 by jon 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 illustraiing a
cross-sectional structure of part of a magnetic recording medium
according to the invention. As shown in FI:G. 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

jayer 15 has magnetic portions 18 having magnetism, and nonmagnetic

partions 12 made nonmagnetic.



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 atmospHERPBE ArRyEIR GPRERR RS tittePitRliate 1albr B Up tBIRSIPAB ORI SUSIRSS) layer 4 are
formed on thesn@emmeéi&cw9§t@8algﬁaggeéﬁhfﬁ\'yQvosh%L%%mgg%tm.%w%%@g,na%&hod, and the

medium protective layer 5 can be formed by the CVD method. [0032] Then, usSing an ion implantation
device, from ghoVeehataretidin fgrdtgetivédayer Bxanslef Anadhedike dag émsactedadteoonly portions

desired to make nonmagnetic in the recording auxiliary layer 4, the 10 portions are thereby
non-magnetiz &8 ARENNA THFAgEIE BRGNS 8 QAIGRNEH CFBPBRIARIe 2N P5s<HRRY implant

ions using a magkthatdsdesigneghard, abrigated 50 asia apPl i98% oy Aestiona.degiyed 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, etgsupplement 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 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 substantiaily 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 possibie to use
CoCrPt alloys and rﬁateria[s where for example, an oxide such as Si0O;
forms a granular structure in CoCrPt.
[0038] The guard layer 14 is formed of a material that acts to block
implanted ions not to diffuse info the magnetic recording layer 13 when
the jons 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



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 4. As a material for the mask, it is possible to use any
material such as quartz, soda lime glass and Si wafey which shields ions to enable a predetermined
pattern to be formed. [0034] After the nonmagnetic portions 8 and magnetic portions 7 are formed in

the recording RERIFES 180 87% BB HApISREIEINT da%Rk Tabtitaling MFarstinrestifipie! Herfluoro
polyether is foymed By taeAip caating methed. 1803p) anothes Hmbdieentl rowt AReHEL

Embodiment to carry out the invention will be described below based on drawings. FIG. 2 is a diagram
illustrating a crosgrsttctiogad strogtlrgef partofthanagoetd e ecordings ymediemidgcedrdinghte the

invention. As shown n FIG. 2, the magnetic recardin di ccording tq the invention has a
cross-sectionglﬁ]ﬁrﬁcﬁf@\%erepc?r{ g ’ﬁ%%%gr{iﬂg §Lﬁﬂbt§l?1 eL{%?avéesz@E%HJﬁﬁ?eﬁﬂecﬁ&e layer 12
formed of an adhesive ByEIo $18s MagRe CERpiiae dayer e formed e sagnstic gatayial, guard
layer 14, recording auxiliary layer 15, medium protective layer 16 and lubricating layer 17, and the

recording auxifidieldpeg e h&snfagrietie portiend 1@ iy nagekaiedlvaridmdnmagnetic portions 19

made nonma?é;g%} [ EiG]AS th%ponmg)gpetic %Jbstra[tg Jﬁ% it tﬁ epossibl% ttn% use glass $ bstrates

such as sodaglass‘an ?él?c?f SUPEr&tEE G Xl- eélloys, &tc. ‘A& & hi&rmeldia eol%ﬁ/er 2, for

example, an adhestyerayeeistarnaed thenhanee gabesipe hrinean the:penmagnedisihstrate and
the upper layer. On the adhesive layer are formed a soft magnetic layer to supplement the write

magnetic fieloai‘hdré%rﬂ?ﬁg@/ﬂﬁﬂé ?i_%ﬁ‘]i@_ﬁﬁe1(ﬁr§&ibr?§f%fégﬁétﬁfatf@ﬁ S RtagRefic Fécarding layer
more firmly tohe perpepdiciiar c%ﬁ? | BUQQFOQHeorE!’?-Bﬁ%%n 9@&%-{1@3{ ;ﬁfcg%téogﬂpgy%pentatlon and

particle size in the magnetic recording layer. [0037] As the adhesive layer loys can be used.As
the soft magnefiCayerii s jpossibte tovithchighieralsemdide iaf sofignagpeiitsoatepals such as Fe, Ni,
Co, etc. As the orientation control layer, preferable are materials having an hcp structure, fcc structure,

and amorphol&0étidctut8eams rem BEeSaMRURKRS al8 1L AR ERITY Ao A AN fd Pt alloys.

the perpendicular magnetic recording iayer 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, 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



[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 CoCrP4 alloys and materials where for example, an
oxide such as Si02 forms a granular structure in CoCrPt. [0039] The guard layer 14 is formed of a

material that 2518 HlobiefRpiaAtRES s Hot 18 dittulSe RASSIRE A AR HeGo iRy S8R5 3 when the

fons are Implayisst d6dofB &MBERENAENELS RARIISAIN (e RRRICTEG ARk et AR lescrived

later. Further, the layer 14 preferably has a film thickness of the order of not forming a crystal structure
S0 as not to intieeferecnithrxchantde coupling dfimagnetic oiRypasitlessofciveenpgnetitgréeording layer
13 via the magnetic portions 18 of the recording auxiliary layer 15, ywhile canveying crystal growth in
the magretic FROHARD T8 5518 Hhe PEL AT RN a SRS G R PR e For

example, it is gliafiesthadithe ateraLlas R, R EH & GRIEFSI02 as a main component. The film
thickness is preferably in the range of 0.1 nm to 3 nm, and particularly preferably, 1 nm. [0040] The

recording auxfd$hyein1 8dHE ehe Magaatieportionsrigdavivrpirighetsnin aadardnmbmmagnetic

portions 19 magie, nonmagnelic, and (e maonelic borions 18 may e g ayer of, for example
CoCrPtTa, etc. r%agnetic Ily continlious i the IN-p ANeYdirec lon, or may%e a layer OFCoCrptB alloys,

etc. with high pespaadieules tagnefianisgtiepy. (RRALhRaetmedibvraratectivailaygrnapds a
protective layer to protect the perpendicular magnetic recording layer from shock of a magnetic head.
Generally, thellayénthits forfHé@ecHiBbrih et iaiR eanl e Tohte d W €D thetirib8puttering

method. Carbgpengsiiad iy the GMD el mpiaves fe AT RAINGSS AR Fapargg th the fim

deposited by the sputtering method, and is capable of protecting the perpendicular magnetic recording
layer more effectivelydtiamsiesireck framstihdavagneticzhesshrash the lubiiisatingyleyarslig & lubricant
such as perfluoro polyether, fluorine alcohol, fluorine carboxylic acid, etc. is used to form the film, for
example, by &'dp%d&fiig method or the like. [0042] In the magnetic recording medium with such a

configuration, g4 49 the g(sieare bR oRBAANSEPRLANS Sk hegesnrdingaudiiap laver 15

the magnetic portions 18 and the magnetic recording layer 13 immediately below the portions 18 can
be made recondingumijtsoanexbspessidmip separatebetivempasiiicentgeomaling, uinitsark-or example,

by setting a width of the ma%'n(%:tic gortion 1§ t¥hat is a width of the track region at 120 nm, and a width
of the nonmagaﬁg‘tPCSB &18n Maffs 28X %is, 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.

{00451 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 fo implant ions using a mask
that is designed and fabricated so as to apply ions fo 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 Iayer. 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 addition, in magnetic recording apparatuses, in
recording or reproducing in the magnetic recording medium, a shorter distance is preferable between
the magnetic A84d ﬁnbsth‘éorse%e@i?fﬁ alBRIARE1d9B 18 M R dRBiHE iR tiRNdistantRSrom the
surface of the m&eiYMPRILFHING layer 16 that is the surface of the magnetic recording medium to a
position nearest the surface in the recording auxiliary layer 15 is 7 nm or less. [0044]To manufacture
the above-melftibHEd nfsgivetic e dompliant e diupe siobexampks dsingiamadiumed, deparsition

apparatus, in an atmosphere of Ar, layers of from the intermediate layer 12 up to the recording
aunilary layer 15 el Ao RACPN the RBMALGRCUPCERLPAE: 14! IR HE by 3 miaBhetron
sputtering metbads AR Ehg JBEAIKTL Rratagiypdayaihe kan hentormedhdy e GMBdmetihad. [0045]

Then, using an ion implantation device, from above the medium protective layer 16, ions of Ar or the
like are implattéelnatty cHlyporidigrdativad soatiaedatb aAmslopictinih ane resbrding aladliady layer 15,

the portions alrgtgh%%b}( non-ma netilzled apd the{})onmggn;tic ortioirzj? 19“§:.1re formed, For example, it

is possible to implant ions using aar%)ésl?maﬁgec{eag'ned 8nd fabricated 2o asetoma?ﬁﬁly |itorj1ss to only

portions desirgd4einake nernaagnettdriine deaosding auxiliandlnyersl §iAlthis peinivsisee the guard
layer 14 is formed between the recordi%auxiliary layer 15 and magnetic recording layer 13, implanted
ions are block&&BY FHEAErPRE/E 2A3RIE doPrbe aifiRdAthRAEPhAJALR fetbRiing layer 13, 14 and

itis possible ANt iqns QRY NIRASSHEH PRI L Re S FHUGH AR ENE 85%re
formed in the recording auxiliary layer 15 by 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 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. 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.



[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 masgk, it is possible to use any material such as
guartz, soda lime ﬁlass and Si wafer which shields ions to enable a predetermined pattern to be

formed. [00471CRREH th&! REhnGHe e RTHIORS 4 S 5RA HHRMERP BEtIGhs 1 88 1BATBA SHethe

recording auxiianlayer 4ad ianeplssiiaien S Mieduhdraiaglevidd. foeramplm pgriiuoro
polyether is formed by the dip coating method. [0048] [Example] An Example of the magnetic

recording mediuesessivrlindgavettse dhvepiothwilinderdestidtied detoV? inarexbenpieofdising a

dicul gnetic film in th tj ding | . First, th f f ing th
magnetic recdtlig RILcHTH e orting 15 tEinJRHBR I Ao LR WA TErIERce (G HIG'S FIG. 3 i a

diagram illustiatiagrealt-08 asrese sectian ibrtheoransiagturing precersfhe meagnstiggecording
medium according to the invention. [0049]First,as thenonmagnetic substratel,amorphous

aluminosilicatéogiaed wad ierardteivitedaisk shilsxbyeditéa préss) amuegiadaticks Wisregirepared.
The glass disks weie, ublegied (o giinding, aglishing ead chemical enhancement sugoegsively, and
the smooth nonmagnetic su%s?tyatesll each comprised of the chemlcgﬁy enhanced glass Hisk were
obtained. 15 so-called AFC-SUL structure with Ru therebetween. Then, a film of Ru

with a thickness of 25 nm was formed as the orientation control layer.

Subsequently, a film of CoCrPt-SiO; with a thickness of 13 nm was

formed as the magnetic recording layer 3, and a film of CoCrPtB with a

thickness of 8 nm was formed as the recording auxiliary layer 4.

[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.

10052] 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 fto

non-magnetize was 80 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.

[6054] 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



[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 was formeg 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 struttifg with B3 #EEbetREsh. THEIPSEARR of Bf with aMRtckHESS B 98hnTR# s formed as
the orientation;geantralJayer. Subsederily. 3 ImRiEoCTBLSI02yith &thickpess Bgl]t:i;oﬂ@ was

formed as the magnetic recording layer 3, and a film of CoCrPtB with a thickness of 8 nm was formed
as the recordingreesdznyilay o4 HO0bahThtn, parile keeping dhpordcumsntcasatiyomeidig nhoprotective
layer 5, a film of carbon with g thickness of 5 nm was formed by the CVD method. [OOSZ!Next, ion
implantation wag JEHYRASAGE SRR HEAMaYn&hE p%WiBn{B?n RRYLREF N e fiaAR)E!E.In the ion

implantation, AbipRs Wvere iInBkENer:SIAG deRMaRFalyavalahle dgRdmplasiatian device under the
condition that the dose was 1x1015 (ions/cm2). At this point, as a mask 9, quartz glass was used with

a pattern form€d 3vdreinwitchrthatteneraioe iobntrmegretinppraites whichywere, pgaignerto

non-magnetize.was 60 nm, and that the width etic portions 7_was 120 nm. [0053]Finally, as
tho lubrieating I BF 08 Mot BEk T ofo LB E i 2 TATHIEE i s WAL TIARERPA) the dip
coating methagla$0054div Hiednageesieriacarding eestiadignaigi mapuiaated-as desesibed above,

after removing the lubricating layer 6, magnetic properties were measured from above the medium

protective layéngerstood that the crystal structure is different between the magnetic
portions 7 and nonmagnetic portions 8.
{0056] 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
layer 3.
[0657] 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.
[0058] 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] Fukther, after removing the medium protective layer
5, electron diffraction in a spot of a plane TEM (Transmission Electron MicroscogPe) was observed on

the surface of B8 RECEYAIRYP ARG 98560 ARB BRALIPASLIRY havEe TR e St lre is
different betwggBesAGRRIS RALIONR A FRAROHIRBIRIC RATRNS S 19056 Nexh aHtgsremoving the

recording auxiliary layer 4, electron diffraction in a spot of the plane TEM (Transmission Electron
Microscope) wasimipdanied onitke isurdaca lofithéhaafjireticrresordirelayep &;tan itasas baderstood

that the struct is unif in th ti ding | . [0057] F the above- tioned
reapocts, it e BLFHMEHARL 0 PRLGH B ok bR GBI 8 he AR 2

magnetic recolipgaiRgdiMeyheraihenmagaaticRtinng aeddhe. magneticresrpdingitayer 3
immediately below the portion 7 is a single recording unit. [0058]As described above, in the magnetic
recording mediogsig&teordipg tonarufacintien, Bissi@iRlingtWhe rectaainigindxilidng fger 4With the
nonmagnetic portions 8, the ma&netic portions 7 and th maggetic recordin Iayeli)Btimmediately

below the por 1ons 784N be ha eer(ra%%?cri?ﬁréguﬁﬂ)s(f Cal % eﬁossﬁgféet%psoenp?ér eqoefwvélgrelnadjacent
recording unitgaI05QYdrswikher, indhg enethodsof paaBiiRCttsingha maghelie recorgitgemadium
according 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 bits.
[0060] Moreover, the materiais, 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.
[0061]
[Another Example]
Another example of the magnetic recording medium accerding to
the invention will be described below in an example of using a
berpendicuiar 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 subjectied 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, it is possible to manufacture discrete type
recording media by non-magnetizing the recording auxiliary layer 4 corresponding to between track
regions. FurtHe!if &ﬁos%fﬁ?e 6 ARITEHaRORPPRYBABINSY FEESTINRY et by fonsMagHetizing the

recording a“XH@ﬁXjS@%ﬁét‘;‘ccgUﬁg*Pr%@é”Qfoe%%?f/%%ﬂ?igﬁg'é@gpﬁea@ﬂé?ﬁ%’aq Qﬁﬁ%l%%%o] Moreover,

the materials, sizes, processing procedures an e in the above-mentionéd Embodiments are of
examples, angdlass chplabte ref betagnedrried 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 FOGifitattAgtneriee £ Bt Pet ARRYHCIePRRRTG HEm has85PE B #rESnvention.
[0061] [Another xamplelch oARRINELEXARWRIR Of Ahsymagnealingrarding Mediumeaeaarding to the

invention will be described below in an example of using a perpendicular magnetic film in the magnetic
recording layen¢iests by emethibe dbsrensufeictingng the nmiatgratiediededirg snedino mctordiveg to the
invention is described with reference to FI(‘B. 4, FI% 4is a diagram illustratin rt of a cross section in

the manufactARG BIBERL TG REEh AR MAgF ancurHite BINEIe Ao 30062 irat
as the nonmaﬂﬁﬁﬂﬁ@Hﬁ@H?&ﬁeh%y@m@ﬂ?@HW'W”@ﬂicﬁi@@'mV\é&ﬁﬁﬁQm@Qsirﬂf) fodisk shape by

direct press, and glass disks were prepared. The glass disks were subjected to grinding,

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-calied AFC-SUL structure with Ru therebetween. Then, a fiim of
Ru with a thickness of 25 nm was formed as the orientation control layer.
Subsequently, a film of CoCrPt-SiO,; 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 recerding 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 perfiuoro

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 intggmediate 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 thickneE¥8P10 rfh Wis fBARBELS fifeAfingivE ss)ar. IRk Vasshd 801 iRslyrgtic #yer, a film of
a FeCoTaZr ajloy with @ icknessH{=0 A Was formed foiiaiipe soasalled Agg-ﬁighcstructure

with Ru therebetween. Then, a film of Ru with a thickness of 25 nm was formed as the orientation
control layer. Bulysatjgentiigra fine af GeCrit8i02hwitl ablkickretsof pBotartas faymed &s the
magnetic recordjgg layer 3, and a film of Ru with a thickness of 1 nm was formed on the layer 13 as

the guard lay&t1% AFiInT'6REBE P With TYRIEGHEREof 8 it Was¥8fimet' SR HE Wiatithyer 14 as

the recording @wpdligry kayerid 5. hhemanbile kegringdhe weuumpagsbednedium pratgstive layer 16, a
film of carbon with a thickness of 5 nm was formed by the CVD method. [0064]Next, ion implantation

was performegotdgopantongnty tled opagtiens inahéoreedlliaghoxtiaey fagerres pr théigrhdmplantation,
Ar ions were i{Fglanted using.a commerci IQ/ available.ion implantatjon devicaunder the.condition that

the dose was 1x1015 r(l’gﬁg crinCZ)P‘?f:tfc it S p it %45 a maatsﬁhfo, %%?&t@g'sy\mg CulPRRHS pattern

formed thereip suhthasthemdgibrahaanimagnede Aabons the Which MaTetROHNAS ke AeN-Mmagnetize
was 60 nm, and that the width of magnetic portions 18 was 120 nm. Finally, as the lubricating layer 17,

a film of perflU8RASPblyEtheh fitrpH ehieRAERE T Thenmedsformedastitee @iyecotling arétaod. 19

[0065]In the r‘@ffl@%%qi:o[he%oradig&wgp it%éh&taVrYSr?é‘Rﬁ‘?‘r'F%%ts“r&‘?sti‘én Electron Microscope)
was observed on the surface of the recording auxi!iary.layer 15, and it
was understood 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 piane TEM (Transmission
Electron Microscope) was observed on the surface of the magnetic
recording iayer 13, and it was understood that the structure is uniform in
the magnetic recording layer 13.
[C068} From the above-mentioned respects, it was confirmed that the
magnetic recording médium 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 io make the
magnetic portions 18 and the magnetic recording layer 13 immediately

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



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 nonmagnetic pgrtions 19, and that the magnetism in the
magnetic portions 18 is higher than the magnetism in the nonmagnetic portions 19. [0066] Further,
after removind SR8 HBGRA Srotective layer 16, electron diffraction in a spot of the plane TEM

(Transmission Gogirongigrascapeiuas abssives apaingsuriang, ok hedsrerding.aysliap laver 15,

and it was understood that the crystal structure is different betweén the magnetic portions ™18 and
nonmagnetic postibms 12:J0OB7AH Next hafténventovingsthea ettar ding aupghatydayertidnantidguard layer
14, electron diffraction in a spot of theﬁlane TEM (Transmission Electron MicroscoPe) was observed

on the surface6F (R MGt PRLBPHRG 1AM T CaliPir GAe B RSYPINafANE st X is uniform
in the magnel geeaedngdaesd 3niARGRI Feaming AR MENiSNRd r8sBegisoluyas cppfirmed thl
|

the magnetic recording medium according to the invention is a magnetic recording medium where the
magnetic portidis A8 sind thé imadaetdrdcordiisg $ayel 18 ithmdidiatehobslagrthEperidioh8 is a single
recording unit, %)O 9%,%5 described agove, in the magneti recordin%medium according to the

invention, by p?r Vid gﬂ{g’ ?ecé?di‘ﬁg E&Er‘r‘%ﬁ%’%}&r 5 3Wth thd®h88 Sa{aheetfg p@ﬁﬁ%g‘i "t was made

possible to makedhetagaeticdpagtionedid andietnagnefic recaidinglayrimkdymmedigigly below the
portions 18 recording units, and to separate between adjacent 20 recording units. [0070] Further, in
the method oféampctifitfy ReARiBIfefie reeovdingt Hiediips@ieotanty teopi ingemtishiashice the

nonmagnetic partions 19 are formed by implanting, jons.into the recqrding auxiliary Jayer 15 with the
film thicknessla(r%ilrglr?llt;,"?%}aert;jll %E%?or}}t’}% n')ﬁ/ea?gor?gmﬁre%g%ﬁl%&ajeary fé, iéjpe‘?glréﬁso%ol%(}ﬁ,%te% ions is
small in the filBetagrenagreiic pegions.canberfasnediing desiadipattermmand ik ésyressiple to
manufacture magnetic recording media with the high recording density.For example, it is possible to

manufacture RELIBIBRPpERUSHdiagTRURA BY R nTRebnantheedsiemiginaxmaxiiaer 15

correspondingé%{ 15 borresponding to beiween track regions and between bits.

[0071] Furthermore, since the guard layer 14 is formed between the
recording auxiliary fayer 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 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 capabie of being carried intc 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 Bibcked 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 ppiiigygin 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. Rurther, the invention Is: hejng carried into practice with modifications
thereof as app?bé}iéétaégﬁl}v?tﬁ?oﬁ ¢ gif)nagrt%légalfgr%?n&?é%%%c)ge of the invention. 21 CLAIMS: 1. A magnetic
recording medium comprising: a nonmagnetic substrate;  a magnetic recording layer that is a
perpendicular ?ﬁ?&ﬁ&%’fﬁ%si béﬁ?it(?h an axis of easy magnetization is oriented substantially
perpendicularly to a substrate surface of the nonmagnetic substrate;  and a recording auxiliary layer
having magnefishiSneiodureting frmduon %H@Wé@i?ﬁé‘é&?&?ﬁgﬁ%é%%ﬁ@%éﬁﬁﬁé pEEBWIing

auxiliarydayeibasomaghelit-aadints fawngpagnalisny and nesmaonshicperipasdnadensenmagnetic
by including implanted ions, the magnetic portions exist in areas corresponding to track regions, and
the nontH fic portions exist in areas corresponding to between track regions,

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 laver 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 at least one of Ru, Pt or CoCrSi02

as a main component.

2. The magnetic recording medium according to claim 1, wherein 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 a protective layer is

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



wherein a guard layer is foxined 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 at least one of Ru, Pt or CoCrSi02 as a main component. 2. The
magnetic recording medium according to claim 1, #¢herein 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 f ] esi rmn, ..Them tic recording,medium according to claim 1,
Wherein%%eé%e{gﬁ%é%l%%%g %&?neégcgﬁdt%% %%%}ﬁ%%aiﬁzﬁﬂa{%?s %nd a distance from the top
surface of the protective 22 layer to the top surface of the recording auxiliary layer is 7 rim or less.

4. The magnetic recording medium according to claim 1, wherein the magnetic portions in the
recording auxidaryhayesgmkei pssgetic uhedimagieticl filge whend [hehaxia diccasyreagnativation is

Onemedins H‘E:S}gb%gg%% RE% zar}gflf:alﬁ/leai”r%et %érﬁ‘a%n%%‘@ a?%laegtﬁ%t?g gﬁ%?‘ %‘?here the axis of easy

magnetization is oriented substantially perpendicularly to the nonmagnetic substrate.



