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DESCRIPTION MAGNETIC RECORDING MEDIUM, MAGNETIC
RECORDING MEDIUM MANUFACTURING METHOD, AND MAGNETIC
DISK 5 Technical Field [0001] This invention relates to a magnetic
recording medium and a magnetic recording medium manufacturing
method. Particularly, this invention relates to 10 a perpendicular magnetic
recording medium adapted to be mounted in a perpendicular magnetic
recording type HDD (hard disk drive) or the like and to a manufacturing
method thereof. Background Arﬂﬁé@?'ﬁ% ANecent years, the
information-oriented society has continued the rapid advance and the
information recording capacity exceeding 200Gbytes has been required

pPeMZAGINETICRFETO RBKNG TWED €U M eaAC N E PIPRBOCIORDING MEDIUM
represented by HDDs (hard disk drives). In order to satisfy such a

requirement MANE Mg hbit NSKMEEHRE: LB MAGRIEL lan Hffmation

recording density 20 (areal recording density) exceeding 200Gbits per
square inch (200Gbits/inch2). Since high recording resolution can be
PotAIRRY iRik)g perpendicular magnetic recording system comprising a
perpendicular two-layer medium and a single-pole head, it has been
studied f0@0digveloped as the next-generation high-density recording
system._25 [0003] In a magnetic disk, an improvement in areal recording

density fghﬁ'dﬁi\é‘?('éﬂpﬂyﬁﬁ -a&%m%iﬁm@w@sﬁw%am a magnetic
L S A RBHP R Effcn ol o
Lsuplesbicaariaagneticaatiokging) medium adapted to be mounted in a
perpendicular magnetic recording type HDD (hard disk drive) or the like and to a
manufacturing method thereof.

Background Art

[0002]

In recent years, the information-oriented society has continued the rapid
advance and the information recording capacity exceeding 200Gbytes has been
required per 2.5-inch magnetic disk in magnetic recording apparatuses
represented by HDDs (hard disk drives). In order to satisfy such a requirement
in the magnetic disk, it is necessary to realize an information recording density
(areal recording density) exceeding 200Gbits per square inch (200Gbits/inch2).
Since high recording resolution can be obtained in the perpendicular magnetic
recording system comprising a perpendicular two-layer medium and a
single-pole head, it has been studied and developed as the next-generation
high-density recording system.

[0003]

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

density. As a method of improving the linear density of the two, there has
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medium having a granular layer (Granular layer) and a continuous film
layer (Continuous layer) (see, e.g. Patent Document 1). In the CGC
medium, three points, i.e. a reduction in magnetization transition region
noise of a recording 5 layer, an improvement in thermal stability of
recorded signals, and easiness of reco?ding, can be realized in a
well-balanced manner and thus it is possible to properly improve the
linear denrs%ti().( 0004] In recent years, a DTR (discrete track) medium, a

pefternti _sat@m%@d%%&?%%@m%wp%ma@
ﬁmé‘iﬁnm%ﬁ@q '%‘QF(%MQgrt[}igéé’r%r%ﬂ?éﬁy@?eﬂ%gg R SEAMBUE Rim 1ayer

patterned mediu a'nonmagnetic on region such as a

aronyie id i maedhyséer, @@nmiesng Direiasinal nethcedemesmedium, three

recording regions where magnetic signals are recorded, thereby .
PRigise iiCald redualing theragnefizgtieqitias siion sagivotheise1® Frcording

R RNt B TL56 B SR FLRCGLAEl,  iRepna easiness o
RUDIBIHE AN BTSRRI S UWBANARFIEN 9 IR RBAINT it1878dSsible to

known a'method of locally implementing Ag ions into a thin film having a

prepethrimipecivecting tisidandésestye.g. Patent Document 2). In this
method, a Eortion where no Ag ions are 20 implemented serves as a

portion f a smaller coercive force. Patent Document 1: United States

*
Patent No. Hicati X
o 2os S BAERIRE B AR & pattemed
(biisglasstiecal) the divienter aho Uik advsbbue ptiopd sBtpateMtée heique of
Solved by the Invention about the First Invention] [0006] In a DTR

imedn gl e taeledensdium B ild, raadianitihe Rafiein@dsmadigmy or the
B SR L BIS oA o SUis 402 88 FBRRBS S, for example,
a mechanical method between recording regions where magnetic signals are
recorded, thereby magnetically isolating the recording regions from each other.
This makes it possible to suppress the influence between the adjacent
recording regions to thereby improve the track density. Further, conventionally,
as a method of manufacturing a DTR medium, there is known a method of
locally implementing Ag ions into a thin film having a predetermined composition
(see, e.g. Patent Document 2). In this method, a portion where no Ag ions are
implemented serves as a portion having a smaller coercive force.
Patent Document 1:  United States Patent No. 6468670B1 Specification
Patent Document 2:  JP-A-2005-223177

[0005]

First, the first invention will be described.
[Disclosure of the Invention about the First Invention]
[Problem to be Solved by the Invention about the First Invention]

[0006]

In a DTR medium, a patterned medium, or the like, an isolation region
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recording layer. However, as the track density increases, the width of the
isolation region decreases. Therefore, when the track density becomes
high, the ratio of the depth to the width (aspect ratio) becomes so large
that there is a 5 possibility that accurate processing of the isolation region
becomes difficult. Further, for example,3also in the method disclosed in
Patent Document 2, itis necessary to implant Ag ions over the entire
thickness of a thin film to be a magnetic recording I%fqr. Therefore, there

RGBS AHIRBPHRISIINSERLLOHTRE AU dBBREIER 1ok BEE Sbmimpasinetic
FS%?HiWé‘ﬁéje?o @%\%\?@ﬁ%&%%’%ﬂ%&ﬁgnﬁ?&} SEINEWRARBs the

account,’the inventors of this application have foun at, for example,

e tiesPeyith l6drsaseediumndrifaressibleriahBagtigahgitpelétemes high,

recording regions from each other by forming an isolation region only in

& dalinohilrideinth iy oo nidhd@sesstesiedipgaaascomigrigmtpat there is a
ranylar layer and the continuous film layer. With this configuration, it i

R HBEACHER) BB EGE RGN FLion T B e e B g

IRk &, A EXAMPIS; alsd th 4R BRbI YRS E9H3 Plardn POBIUAEANL 2, it is

form the isolation region. Further, they have found that not only in the

nasesHalyet CERaradhgnn te ba kot h20antiteet b ecde @dseot @ tmaditetito be a

recording layer com‘orises a main recording layer for recordin? magnetic

@1gaRRl 8 T ADG RYP mad et RiFe tiss feAdanyS Il el tReGamES
A e AR O e

megaedatayer. 25 [0008] As a result of conducting further intensive
studies, however, the inventors of this application have found that, for
exampldO@Mé&n the track density increases and thus the width of an
isolation region furthfr decreage 4. therﬁqis a f:%se where argﬂetic

solation BSRHBI7 /L8R YAhiTiR BYEBIREE Of s appICalohale found that,

for example, with respect to a CGC medium, it is possible to magnetically
isolate recording regions from each other by forming an isolation region only in
a continuous film layer of a magnetic recording layer comprising a granular
layer and the continuous film layer. With this configuration, it is not necessary
to form the isolation region in the entire magnetic recording layer of, for example,
15 to 20nm and thus it is possible to accurately form the isolation region.
Further, they have found that not only in the case of the CGC medium, but also
in the case where a magnetic recording layer comprises a main recording layer
for recording magnetic signals and an auxiliary magnetic layer magnetically
coupled to the main recording layer, it is possible to magnetically isolate
recording regions from each other by forming an isolation region only in the
auxiliary magnetic layer.

[0008]

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

density increases and thus the width of an isolation region further decreases,
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insufficient with the structure in which a nonmagnetic isolation region is
formed only in an auxiliary magnetic layer. For example, they have found
that when recording a magnetic signal in a recording region, there is a
possibility that the 5 recording magnetic field extends beyond an isolation
region to affect an adjacent recording région. [0009] It is therefore an
object of this first invention to provide a magnetic recording medium and
a magnetic recording medium manufacturing method, 10 which can solve

ih%rﬁb%\?e‘?&%wﬁ‘r?éé B?@Sﬂﬁﬁgi_ﬁﬂh'@gﬁﬁ Wt%%beﬁ%qﬂﬁ@tﬂ%m&ﬁ%g‘es
ﬁ'éﬁ?f\%erﬂqﬁﬁ% Jf?g %9@%&59&%\”%%“%\@%@5 ﬁ'e%ﬁi%‘f%fg%?ﬁgﬂﬁs formed

application have foun at'itis possi erly prevent a rectording

ordgiete irldifepnatgabng 1dpean FEhreeRimetor iRy rRaierfdun@mnivhen
when forming an isolation region in an auxiliary magnetic layer, a region
(ecGeinc s MadNssicisignad dp e eeordiigoiegassdperefia apesritditieltat the
by predetermined. etic prgperties, not a. nonmagnetic region such as
PGPS0 FRATRLE T EioRdS By ASCL I R IRnLo 296bat)
SapiaHTRiRdh G igignetic recording medium comprising a substrate

and a magnetic layer formed over the substrate, wherein the magnetic

layer cofpfiS¢s a main recording layer for recording a magnetic signal
and an auxiliary magnetic layer 25 magnetically coupled to the main

recordind B JRF &I ARIARL G HHB AERt Ni BB RS AURAGp BHc
F@Jgrg?lﬁg'ﬂﬁé'ﬁiﬁﬁ{%%sa{‘?ﬁ& RRYR'YOS %Q&B'HPH%&BJ&%?BHH 'AetRod,

recor regions, where magnetic signals are to be reco In the main
vaserdiag laykie angl abagestiefigtshebipkbbreitiens formed 5 between the

plurality of hard magnetic portions, respectively, wherein when
[Means for Solving the Problem about the First Invention]

[0010]

Through intensive studies, the inventors of this application have found
that it is possible to properly prevent a recording magnetic field from affecting
an adjacent recording region by forming, when forming an isolation region in an
auxiliary magnetic layer, a region (magnetic shield portion) adapted to restrict
passage of a magnetic field by predetermined magnetic properties, not a
nonmagnetic region such as a groove. This first invention has the following
configurations.

[0011]

(Configuration 1)

A magnetic recording medium comprising a substrate and a magnetic
layer formed over the substrate, wherein the magnetic layer comprises a main
recording layer for recording a magnetic signal and an auxiliary magnetic layer
magnetically coupled to the main recording layer, and the auxiliary magnetic
layer comprises a plurality of hard magnetic portions respectively formed at
positions corresponding to recording regions, where magnetic signals are to be

recorded, in the main recording layer, and magnetic field shield portions formed
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magnetization curves are measured, the magnetization curve of each
magnetic field shield portion has a slope greater than those of the hard
magnetic portions in a region where an applied magnetic field is zero, and
a residual magnetic 5 polarization of each magnetic field shield portion is
smaller than those of the hard magnetié portions. The recording regions
of the main recording layer are defined by, for example, magnetic
influence received from the auxiliary magnetic layer. When, for example,

RetiuRpR HodiBlRliby Blida HIRAGREYGRRIBOMR ﬁeggﬁgngqmvhgr%%en
Q‘gg@%}%@gﬁ?ﬁ%%gﬁﬁ‘%ﬁg "IF?Q I%]? ée(:t f?n&a}gn)nﬂe IC gjogoeer%sﬁ;t]ymagnetic

HelaliclBasoiie utes agnetigrticdenaithByd edueiBdhe ieghetic portions

magnetic flux density, the magnetic field is prevented from extending
ifedvegipthwharie anappded porenesiafigldite arsa.rRidIRresigduwahimagnetic
surface of the substrate, for. 1 ample. [0012] .With this configuration, j
RO AR S 0B S G LB LRI HRRIEL (e Jar fhre
FegiPRdisieipridas example, itis possible to make the magnetic
recording medium properly function as a DTR medium or 20 a patterned
mediumT Rentbeoydimg xegns, Girbe thaitrackerdgenajer &raeddiced oy, for
this, it is possible to reduce the track width (Erase width) and thus to

RIRRRRIE tReAsRGlia MG pSURSEERHERMRe ALK GuRARSIG KR When,
f“c?r%%!?ﬁ@l& @?ﬂ%&ﬂgﬁ@%ﬁﬂ'ﬁ@d@g@ﬁéﬁw@?&%@ ngﬂgﬂ’ia{g(r:ﬁ’és‘ﬁcl?e'r‘f fd

to restrict passag a magnetic with respect to thé magne
shislanso By inientrateessifiariadneking esrl thng dragrieticolpldsite to the

extending toward the outside of the recording region, thereby making the
apnlieR eosetie flelkbidinmagakicditie dep magediqihredenptivsimaller
{ﬁae{?ﬁee rc%{)erre %eangtggﬁci?mil(eggﬁs?tweé)? ‘?8«%'5‘%5}% nl%%%r magnetic flux
density, the magnetic field is prevented from extending between the hard
magnetic portions in a direction parallel to a main surface of the substrate, for
example.

[0012]

With this configuration, it is possible to properly carry out magnetic
isolation between the recording regions. Therefore, for example, it is possible
to make the magnetic recording medium properly function as a DTR medium or
a patterned medium. Further, for example, since the track edge noise is
reduced by this, it is possible to reduce the track width (Erase width) and thus to
improve the track density.

[0013]

Further, with this configuration, when carrying out magnetic recording in
each recording region, it is possible to restrict passage of a magnetic field with
respect to the magnetic shield portions. By this, it is possible to block a
recording magnetic field extending toward the outside of the recording region,

thereby making the boundaries of the recording magnetic field sharp. This
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field from being exerted on the adjacent recording regions. Therefore,
magnetic isolation between the recording regions can be more
appropriately carried out. 5 [0014] Herein, this magnetic recording
medium has, for example, at least two magnetic layers having different
compositions and exchange-coupled to®ach other. The main recording
layer is, for example, a magnetic layer having a greater thickness or a
greater coercive force in the two magnetic layers. The 10 auxiliary

makpiiagelle orpagrrilr RIG¥ERRIRYAISRRIR PHRR1BSSTEING SiAgmstic

B B Y T R R e e user
(RARLTE R oRemsring feainntRbthacoaingeeeiding davesdsmisveexopnolstiately

15 recording region corresponding to a track extending in a direction in
ogfiieceOWead relatively scans a magnetic recording medium. In the
magnetic recqrding medium, a plurality of tracks are disposed with a
constanfogbab efined between the adjacent tracks, for example. When the

magnetiGEpsering MagkERdS dconanatiedit ARY B QHAEK 2 fI&ast two

disposed in concentric circles 20 surrounding the center of the magnetic

diakgnélie lagyat srzaneg djtetentsconpesdioxibapiaghaigkeypeupied to each
formed at positions overlapping the tracks, respectively. [0016] On the

BtREF haHee Re'mERFRIRNIRYSHI " AbRIGHERIR: fofAG Riic2BYBGkHANg @
sliicigl KL 'ES?%‘ég?%%@'ﬁ*@o'@%‘%ﬁ&rfc@ﬁw'}}?ém@‘:ﬂ{g%@’giygg The

xample, the magne shie portions are each forme

baxidldgoinadirite Rpanseoinadeiuerryrenadiagensnagks. thidkness or a
recording regions of the main recording layer may be regions
soradspeneriely tofpiagnetfc magnalidiag Susany wenstaksKihahis e akiliary
r%xaagrﬂgl% Q}?grni%t%rgﬁelga%rl])i/eglqeater than that of the main recording layer.

[0015]

The recording region of the main recording layer is, for example, a
recording region corresponding to a track extending in a direction in which a
head relatively scans a magnetic recording medium. In the magnetic recording
medium, a plurality of tracks are disposed with a constant gap defined between
the adjacent tracks, for example. When the magnetic recording medium is a
magnetic disk, a plurality of tracks are disposed in concentric circles
surrounding the center of the magnetic disk. The hard magnetic portions of the
auxiliary magnetic layer are formed at positions overlapping the tracks,
respectively.

[0016]

On the other hand, the magnetic field shield portions are formed in
regions corresponding to non-recording regions of the main recording layer.

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

regions of the main recording layer may be regions corresponding to magnetic
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portions are further formed in regions each located between the bits on
the tracks. [0017] 5 The magnetic field shield portions are preferably
formed substantially only in the auxiliary magnetic layer out of the main
recording layer and the auxiliary magnetic layer. With this configuration,
since it becomes unnecessary to form %agnetic field shield portions with
a large aspect ratio, it is possible to form magnetic field shield portions
easily and accurately as 10 compared with, for example, the case of

feroFAEEhALRORCIREITFiSId JBrifvh&astel oI DRMSIBitgld shield
@?ﬁQﬁB%FS%FﬂW ﬂ@yrﬁreid: f?mr'Fé'@%H%e égﬂqB@HFeﬂ%%&?é%'ﬁﬁw%%%soﬁ“ﬂP{e

e auxiliary magnetic layer afso includes, for examp e case where
theckaagnetic field shield portions are also formed in part of the main
recording layer in a range not affecting the accuracy of and 15 the number

of procel$E/for formation of the magnetic field shield portions. [0018]

The auxiliary magnetic. layer is preferably a magnetic r in which the ..
it o 116 GRG0 600 S0 G PGS R LT D NP antily
BHF;F'W&éSaimmE‘?g_ thaghaatahier SLRiBr AL ’FH&FH?%EBFH#%‘%%B%B%H%
the"main 20 recording layer. It iS preferable that the magnetic grains in the
aaxdiamggnagoeportiyes. of \Widhatinislieoy igagaiksic, layeekhebecomes
exchange-coupled to each other with a coupling force greater than that

HBRREBRSAYY o-QHEtEgenREG finld shisld RRIGRTIRYYR)& Rreaseaspssidatio. it is

BaLRlS t?o”f.‘c?rm%Hgﬁ&‘ﬁ&@@ﬁ@@@ﬂ%w‘%@i&éﬁlfg’g 'EHFQH%V’JQr

example, It IS pos e to improve erma S or signa

torapaesd mitle foRiexaepIgintdayase Biedsmindeiatticieroagiéeticportions
grains is a region where, for example, atomic arrangement at a boundary

pedl e entightiskgreassab b iaeretih e fdingxalile, Raepiog the
e BB N R RS YR s
fBPéB(é‘Iiﬁple, the case where the magnetic field shield portions are also formed
in part of the main recording layer in a range not affecting the accuracy of and
the number of processes for formation of the magnetic field shield portions.

[0018]

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

occupied by impurities precipitated between uniform magnetic grains whose
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boundaries of the magnetic grains in the hard magnetic portions of the
auxiliary magnetic layer being smaller than that of the grain boundaries of
the magnetic grains in the main recording layer also includes, for
example, the case where 5 the hard mz:lgnetic portions of the auxiliary
magnetic layer are each a layer with arYamorphous structure or the like
with substantially no grain boundaries present. [0019] (Configuration 2)
10 The magnetic field shield portions are soft magnetic. With this

ERAGRth MAdIIEARNEPR I SRGR A BRtendiBR BIdHRIghererain
BS[%B%r.i@&@ﬁ%‘%ﬁ#ﬁ%@cﬁ%\%@%ﬂ@%%'ﬁw@ g&ﬁrﬁ';o&?ﬁ W%?oﬁtﬁ?ﬁéﬁxiliary

appropriately sharpe ndaries of a recordin netic field. The

magnetie fsler baialg siaEiRR hay B dedieyree isoltedmegetiethe magnetic
properties of the entire 15 magnetic layer, at that position, combining the

afaing dedngimaayeacardingl axexidtay melyaesc flayexaxmisit the sage where
agnetic properties. [0020] (Configuration 3) The.magnetic field shield .
BRI HRA G SRR by ans) TR BHAoR 195y AP HE e FBChapver Wit
RA'RARIforRRAIN SRS ® PlHBG RMAFRIROMERTAIR FErYigsiBiRihdbites
possible to more appropriately block a recording magnetic field extending
presedtthe adjacent recording regions. [0021] (Configuration 4) 25 The

magnetic recording medium is a magnetic recording medium for
perpendi@gﬂa?]magnetic recording. The hard magnetic portions of the

auxiIiary%dgﬂggoﬁp%laxejéare .magnetic regions that. exhibit perpendicular
magnetic anisotropy due to interface magnetic anisotropy. The magnetic

field shigldeOmpeyitions iadithetachd s 1tioIRg BRSIC MRy BTaRfiCMAg NALIEhrEgiNS
g;mgﬁra%gn, it is possible to properly prevent extension of a magnetic field by
the magnetic field shield portions. This makes it possible to more appropriately
sharpen the boundaries of a recording magnetic field. The magnetic field
shield portion may be a region where the magnetic properties of the entire
magnetic layer, at that position, combining the main recording layer and the
auxiliary magnetic layer exhibit the soft magnetic properties.

[0020]

(Configuration 3)

The magnetic field shield portions have an axis of easy magnetization in
an in-plane direction parallel to a main surface of the substrate. With this
configuration, it is possible to more appropriately block a recording magnetic
field extending toward the adjacent recording regions.

[0021]

(Configuration 4)

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

anisotropy due to interface magnetic anisotropy. The magnetic field shield
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interface state is different from that of the hard magnetic portions and
which exhibit substantially no perpendicular magnetic anisotropy due to
interface magnetic anisotropy. The perpendicular magnetic anisotropy is,
for example, a 5 magnetic anisotropy in which the magnetic moment tends
to turn in a direction perpendicular to the main surface of the substrate.
[0022] When configured in this manner, for example, the magnetic field
shield portions can be formed by changing the interface state of the

Bﬂmm?ﬁ%‘ﬁ%iﬂ@%ﬁ%ﬁ@é%f Wiﬁqrﬂﬂgrlﬂ'ﬁié‘%ﬂ&mﬁ@ﬂ‘ﬂéhi‘:h an
%técsf{[S{g %)hlﬂfepé)ﬁ?%?ncﬁ%t i gﬂ&”ﬁ%‘?oeﬁ'?é%nae% %SHX'ARQ%ﬁﬂwich
onfiguration & main recording layer Is a layer with a granular

Simig & B vhicH g b gMpeRUDes srighaticcisi SeusRyaied & tidfface
boundaries of magnetic grains, and the hard magnetic portions of the
Bagn@icraaipaitRPiay el BeeRsipRRdiawWRT ayeg Tatic s roRY i sfof e@sple, a

compound and Pd layers or, Pt layers are. alternately laminated. [0024]. 20..
AR E AR ch M AF L (e OREGA e TR B AR gl 2 créction
BERMRERIRIr 43P IRafh SrfaBesiUAL Wikt configuration, magnetic
Isolation between the recording regions of the main recording layer can be

properly{@@22¢d out by forming the magnetic field shield portions in the
auxiliary magnetic layer. Therefore, it becomes possible to make the

magneit/ ISR HUBILHHS SRR, (A AR BPrRGBRIiR Bl shield
SEHERECIISI A0 1) ORISR e BT v oy ot
Ryide isTHefefakly withetas @uaRg R, 10 (Ragfietieigld Shield portions can
be formed easily and properly.

[0023]

(Configuration 5)

The main recording layer is a layer with a granular structure in which a
nonmagnetic substance is segregated at grain boundaries of magnetic grains,
and the hard magnetic portions of the auxiliary magnetic layer are each a
multilayer film in which layers of a Co compound and Pd layers or Pt layers are
alternately laminated.

[0024]

When configured in this manner, the magnetic recording medium
becomes, for example, a CGC medium. With this configuration, magnetic
isolation between the recording regions of the main recording layer can be
properly carried out by forming the magnetic field shield portions in the auxiliary
magnetic layer. Therefore, it becomes possible to make the magnetic
recording medium properly function as a DTR medium or a patterned medium
and to improve the track density. The above-mentioned nonmagnetic

substance is, for example, an oxide. This oxide is preferably a metal oxide.

[0025]
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A method of manufacturing a magnetic recording medium comprising a
substrate and a magnetic layer formed over the substrate, the magnetic
layer comprising a main recording layer for recording a magnetic signal
and an 5 auxiliary magnetic layer magnetically coupled to the main
recording layer, the method comprisin % main recording layer forming
step of forming the main recording layer, and an auxiliary magnetic layer
forming step of forming the auxiliary magnetic layer, wherein the auxiliary
magnetitGa)EesAtiyStep is a step of forming a plurality of hard

e P AR o

regions, where magnetic sign he main recor

yeitrNd arrpastiadiedtic ekl porirrpdespaivelysivaiv/ans thaghetalitdyer
of hard magnetic portions such that when magnetization curves are
PeEARISH) theaiadreardingnayevéosireaerdinggheironsicssignal odien
has.a slope greater than those of the hard magnetic portions in a region
R e R DN A S0 o e AR Rt ver, the
R@H&@EE%%s‘?ﬁﬁ%'ﬁ?ﬁﬁ%&éﬁ%h‘é‘?@rﬁefHﬂﬂgss Efoham g eReRAiIn
the hard magnetic” portions. The recording regions of the main recording
tagerding dayee dihg,doraexiiargle)agagtietiayiafltemem gesteped foomitigethe
auxiliary magnetic layer. With this configuration, it is possible to obtain an

anlagmagistitdpsPt uiRyaiatbR 26auoPeprebntRatRersier is a
l@ﬁo%‘ﬁ%ié'g)'@’ﬂt foéﬂﬁgﬁﬁgiﬂé i n&%ﬂ&}g&g%ﬁdéﬁt P¥litions

irradiates an | eam on part o ar agnetic r to

softavpaneiitet retrgtiing teaibatedwihetheaigndiieasiyriarraky fotveingcorded,
the magnetic field shield portions. [0027] When configured in this

W&o Enaing erarfiegd dxdd snrtimawrebadiekhshielopertipaay esnaetvelya
Sia'?\%ee rt CeeBFUr-Ia_lﬁﬁ/%l'rnﬂg?r mr%a ré?itcichlg tForrig such that when magnetization
curves are measured, the magnetization curve of each magnetic field shield
portion has a slope greater than those of the hard magnetic portions in a region
where an applied magnetic field is zero, and a residual magnetic polarization of
each magnetic field shield portion is smaller than those of the hard magnetic
portions. The recording regions of the main recording layer are defined by, for
example, magnetic influence received from the auxiliary magnetic layer. With
this configuration, it is possible to obtain an effect similar to that of Configuration
1.

[0026]

(Configuration 7)

The auxiliary magnetic layer forming step forms a hard magnetic layer
and irradiates an ion beam on part of the hard magnetic layer to soft-magnetize
regions irradiated with the ion beam, thereby forming the magnetic field shield
portions.

[0027]

When configured in this manner, the magnetic field shield portions can
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preferably a multilayer film. With this configuration, the magnetic field

shield portions can be easily formed by, for example, changing the

interface state of the multilayer film by irradiation of an ion beam. 5 [0028]

Herein, conventionally, as a method of forming guard bands from a soft

magnetic material, there is also known Hmethod of patterning a soft

magnetic layer (SUL layer) located under a magnetic recording layer (S.

Takahashi, K. Yamakawa, K. Ouchi, and S. Iwasaki, J. MMM. .

bg RIERESI EUNAERKREITR SRR to i Rexisdy tnagnetic layer is

B 'HB@.Q‘%HE T 'S WAtH H‘fé‘&%‘?xﬁgﬁﬁHSﬁﬂHé’}?{%@ﬁSﬁQf?&ﬁ‘shiew
urther, since patterning of the soft magnetic layer is required, there is a

PORfIPYYIhadtdwrapmesitiieyltisr explepeNtRIAgRRPING Witbrfadhcieate of

accuracy for high recording density. In contrast, according to Structure 7,

the mulifastry Sthielaypoiadiadieanbarfdemeeay the 15 extremely simplified

process[rdt: her, irradiation of an ion beam can be performed with

significa @2 ]gh position accuracy as compared with, for example, the

case of paitgiing A8 ARShAIRIRELS 1A¥RTod HiEflsRRG WA RINSEN %R0 a soft

magnetic layer is normally as thick as 10 to 100nm, it cannot be
pragestiednaitdrilig thece usaaig ol K roowir asmatitaddih g att € omigyarsdidmagnetic
the 20 magnetic field shield portions can be formed with sufficient

gy e RPROIORRIRG BNy TERSR/I 0RSIT RO Bbbve IRlEAlBHRI K-
%I%%WHOR? éﬁ%}ﬁ : QHRIATRIERCRI .?g%gﬁﬁ%%ﬁvv?—%w&% g

magnetic portion and the magnétic fie in the

acediaigragnlimisyidnae keisfer syasmigy thatdileisoeeskigegmglicated to
properties of the entire magnetic layer, at that position, combining the
aeaiserécoithreAsy & anattheallirarginegypatienaing of Heersafiriaagnetic layer

SRR R ple RN b (e SRR GG
BrSEBRGRy with sufficient accuracy for high recording density.  In contrast,
according to Structure 7, the magnetic shield portions can be formed by the
extremely simplified process. Further, irradiation of an ion beam can be
performed with significantly high position accuracy as compared with, for
example, the case of patterning the soft magnetic layer. This is because since
the soft magnetic layer is normally as thick as 10 to 100nm, it cannot be
processed with high accuracy. In contrast, according to Configuration 7, the
magnetic field shield portions can be formed with sufficient accuracy even for
high recording density.

[0029]

In the above-mentioned Configurations 1 to 7, the difference in
magnetic properties between the hard magnetic portion and the magnetic field
shield portion in the auxiliary magnetic layer may be, for example, the difference
in magnetic properties of the entire magnetic layer, at that position, combining
the main recording layer and the auxiliary magnetic layer. The magnetic

recording medium is not limited to the CGC medium and may alternatively be,
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coupled composite (ECC: Exchange Coupled Composite) medium, or the
like having a soft magnetic layer as an auxiliary magnetic layer. [0030] 5
Another aspect of this first invention is a mode wherein, in the
above-mentioned Configurations 1 to 7, the main recording layer is a layer
with a granular structure in which a nomt?nagnetiC substance is segregated
at the grain boundaries of magnetic grains, and the auxiliary magnetic
layer is a magnetically coupling layer magnetically coupled to the main

fRaranplayan Suchenge PRe) (H5*&hRRREI APRRGHRRIITH g a)RRES

i iKay ' ' I b :
B e B BTN BUER  febe
Ragngicadit esapedicadermagnetoxieagreinghayeriarg. (4) the
magnetically coupling layer has hard magnetic portions and soft magnetic
portions[0@#0inagnetism weaker than that of the 15 hard magnetic

ti Further, th tic. ding. | d th ticall
couplind SIS ASREG AL bLMPBREY 5,7 A R IRER B et

Y8 JESHENGOHER CORFANSIER MBI (A8 nixIVaBo PR RYR 1Y S Td§er with
replaced by "a magnetically coupling layer" in the above-merntioned

£ grdiguicatisingctuie 7rewvtlitineadiesonpdigmetice sediistaa cepsliselgraégddaBal the
Such another aspect of this first invention includes the following structure.

AeinMmRNaABHE) A Maghetic i ARRANS AEgHat: MRS BHRSHAN
%&g@!&%ﬂ@&@%&&’&m%ﬁaﬁWM‘&QH&%E\&E@S@@&&{B B AR OIS Her.

rmed between ‘ma IC grans continuously grown In a columnar shap
and a meomesieatidleCUPHNG xR Bdiagastitorsre Rgneleresprdviged, (2) a
layer and magnetically continuous in an in-plane direction of a . .
magnaberiic cuingdayer seatieantinuguhiaysiscbeharsingledpygatés provided,

ngtwg rlaeg“r(1:e i'ggllglvrclz%{%ﬂhg layer is magnetically coupled to the magnetic

recording layer, and (4) the magnetically coupling layer has hard magnetic
portions and soft magnetic portions with magnetism weaker than that of the
hard magnetic portions. Further, the magnetic recording layer and the
magnetically coupling layer are in contact with each other.

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

[0031]

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

(Configuration 8)

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

continuous in an in-plane direction of a nonmagnetic substrate are stacked in
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at least the magnetically coupling layer out of the magnetically coupling
layer and the magnetic recording layer comprises; a plurality of hard
magnetic portions respectively formed at positions 5 corresponding to
recording regions, where magnetic signals are to be recorded, in the
magnetic recording layer, and magnetié field shield portions formed
between the adjacent hard magnetic portions, respectively, wherein when
magnetization curves are measured, the magnetization curve of each

mkiﬁfé{ﬁf f?é{ﬂ éhﬁ;ﬁi@%ﬁﬁ?ﬁﬂﬁ? H‘@@%iﬁéj@ééi‘ﬂé?fﬁ% those of the hard
mag“et'ﬁﬁ%té‘?ﬁ’ﬁé%@%@%ﬁg@gﬂﬂé‘mﬂgﬂgﬂ?ﬁpﬂg @%ﬁdét AR Sgggpling

a residual magnetic po gnetic field shield portiorn’i

siyetlanthaivtheggetisasbbadthrgrettoaprirs. With this configuration,
it Is possible to obtain an effect similar to that of 15 the above-mentioned

Configuapbhality eh8aike nrRgnstenmnedionsesrestineyuiatmdadigispositions

ossible to properly carry out magnetic isolation hetween the recordin
RO IR Lo T0T A D e MBELE R 9D GBSl e rocorded.
r@gqéqiﬁggﬁgm reRssaluiction as a DTR medium or a patterned
medium. Further, for e@mp e, since the track edge 20 noise is reduced by
this, it isnpagsitie teicdheddipottarisiddthgd eteaedtit) ecaddbesttbard
improve the track density. [0032] In such another aspect of this first

RGERESR, RABIANS FEBRAHY RIS RIDV ISR TASARHZAIRTLRHINRS are
S GUIRE {Fzﬁﬁ!fé?‘éﬁ 8ndhgm ﬁ“ﬁeﬁﬁcéﬁ%ﬁagdé}’t%n has a

e granular structure. By exchange interaction between t

siagmglicareartinghager ¢nddheardapagieaity matiphzdnaay@egion where an
magnetically coupled to magnetic grains in the magnetic recording layer,

grplieerpragnetiafigiedn eecacdoeumipRidepbmaansticaepiatizalipa suaRD
Fﬁ%‘éh% & éldn sarl'ﬁgl?jtiggmo%oi%psl,?nda}%re %Cahn%hc?sré of said hard magnetic
portions.

With this configuration, it is possible to obtain an effect similar to that of
the above-mentioned Configuration 1 or the like.

For example, with this configuration, it is possible to properly carry out
magnetic isolation between the recording regions. Therefore, for example, it is
possible to make the magnetic recording medium properly function as a DTR
medium or a patterned medium. Further, for example, since the track edge
noise is reduced by this, it is possible to reduce the track width (Erase width)
and thus to improve the track density.

[0032]

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

perpendicular magnetic recording layer and the magnetically coupling layer are
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[0033] Such another aspect of this first invention further includes the
following configurations. 5 (Configuration 9) The magnetic disk , wherein
the hard magnetic portions in the magnetically coupling layer are formed
at the positions corresponding to the recording regions, where the
magnetic signals are to be recorded, ofthe magnetic recording layer and
the soft magnetic portions are formed in regions 10 other than the
positions. (Configuration 10) The magnetic disk, wherein the soft magnetic
BHgBatcaY aeviplae t 8Sértions are formed in concentric circles
with res%é a center of the disk-shaped substrate. 15 (Configuration
11) The'magnetic disk, wherein the magnetic recording layer and the

magnetiggiih cmilieg RyRIcRis thisdachvathtiead e indhamdiguiatioNowing
12) The magnetic disk, wherein the magnetically coupling layer contains

e®nPigueatieGHCrPt. [Effect of the Invention about the First Invention]
[0034] orginé;r%g this first invention, for example, it is possible to reduce
track edgeNoBE 'l l)ve the track density. Further, for example, when

25 perfofRuNg AReReihRCUAEISH IRPAIHPIRIGRIBEHBARGN G the

magnetic field extending toward the outside of a recording region, thereby
magimefitadymuplgels pé tiaee doordidatribgrpisitiend sbengsiBeging dol¢he

for Carrying Out the First Invention] 15 [0035]

recording regions, where the magnetic signals are to be recorded, of the
magnetic recording layer and the soft magnetic portions are formed in regions
other than the positions.

(Configuration 10)

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

(Configuration 11)

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

(Configuration 12)

The magnetic disk, wherein the magnetically coupling layer contains at
least CoCrPt.

[Effect of the Invention about the First Invention]

[0034]

According to this first invention, for example, it is possible to reduce
track edge noise to improve the track density. Further, for example, when
performing magnetic recording, it is possible to block a recording magnetic field
extending toward the outside of a recording region, thereby making the
boundaries of the recording magnetic field sharp.

[Best Mode for Carrying Out the First Invention]
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(Embodiment 1) Hereinbelow, an embodiment according to this first
invention will be described with reference to the drawings. Fig. 1 shows
one example of a 5 magnetic recording medium 10 according to the
embodiment of this invention. Fig. 1 (a{fi:hows one example of the
structure of the magnetic recording medium 10. The magnetic recording
medium 10 is a perpendicular two-layer medium type magnetic disk
adapted to be mounted in a perpendicular magnetic recording type HDD
(hard dime). 10 [0036] In this example, the magnetic recording

{Eﬁq! - prises a substrate 12, an adhesive layer 14, a soft
agrt%@éﬁ%ﬁgﬂ& an underlayer 18, a perpendicular magnetic recording

layer 30HareiatRsIBvE ByehdtSodintbat hiviraiing tleyek 2fdnitvemreeiwillnse
perpendicular magnetic recording layer 15 30 comprises a granular layer

deserieegbmiy cefarenke/te e dranangsatintigud sinaveyene2XEDRHF of a

The supstrate 12 is, for example, a glass for a base, As.this pase .glass, ..
CRER el e RO 2] oG MESee G B 9 e uention.
Rlyminebinsiis dsokasimplelaling alasse e ke ARG dasdnghe
aluminosilicate glass is preferable. An amorphous glass or a crystallized
gladgurmathlbe UibednBgnekiamgrerdimg mibdiwoft! &) agier tepyretidibldrasvarayer
amarphous structure, it is Ereferable that the basegq!ass be the

ArEiRdYREgRAANEHE Pk RARMRAIY SEERGHIIRAE I RRE R I RS Eagnetic
Fb%i%}ée ;{}%eggﬂﬁﬁgl@m O[&Qé%f] The surface roughness of a main

sur 2'is preferably 3nm or less in Rmax and 0.3nm
or less ifpB@eRmax and Ra follow 16 Japanese Industrial Standard (JIS).

By providing such a smooth surface, for
In this example, the magnetic recording medium 10 comprises a

substrate 12, an adhesive layer 14, a soft magnetic layer 16, an underlayer 18,
a perpendicular magnetic recording layer 30, a protective layer 26, and a
lubricating layer 28 in this order. The perpendicular magnetic recording layer
30 comprises a granular layer 20, a coupling control layer 22, and a continuous
film layer 24.

[0037]

The substrate 12 is, for example, a glass for a base. As this base
glass, there can be cited, for example, an aluminosilicate glass, an
aluminoborosilicate glass, a soda-lime glass, or the like. Among them, the
aluminosilicate glass is preferable. An amorphous glass or a crystallized glass
can be used. For example, when the soft magnetic layer 16 has an
amorphous structure, it is preferable that the base glass be the amorphous
glass. Use of a chemically strengthened glass is preferable because the
rigidity is high.

[0038]

The surface roughness of a main surface of the substrate 12 is

preferably 3nm or less in Rmax and 0.3nm or less in Ra. Rmax and Ra follow
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example, a gap between the perpendicular magnetic recording layer 30
and the soft magnetic layer 16 can be set constant so that it is possible to
form a suitable magnetic circuit across a head (magnetic head), the
perpendicular 5 magnetic recording layer 30, and the soft magnetic layer
16. The substrate 12 may be a substrat8 having an isotropic surface with
no texture. [0039] For example, when magnetic field annealing is
necessary for controlling magnetic domains of the soft magnetic layer 16,

#apangaednrgyshiateriidarid|Re Ry RIBYIFIRY FpelemGRPARSHHSES, for

A 205D B B R e Rt e a0 ano e
Kytembyireadaype(adhesinpd @i dastanrayiftatheisasbesisie ketoeen

the substrate 12 and the soft magnetic layer 16. By 15 providing the
suitridiednageetia ciresipessnse hnaddmagnsimpeadhdiRepenanstediar

il SRR wda e S CosnrlERE fdthGuiar 12
RIdP® e eshGkuer Mg RrefesablsiSUAEWRNRY 1Birexample,
the” adhesive layer 14 is an amorphous CrTi layer. The thickness of the

adhesivi0@Blayer 14 is, for example, about 1 Onm. [0041] The soft
magnetic layer 16 is a layer for forming a magnetic circuit between the

head andXhESERRRANRE MAGHRIR TelbARgaiye s esrasast for controlling

e R S e T S SRR AT 5 feraie o
exantdeupsienably bemgaitgassdgiic proprdtitecgieriveaiasds leefient in
0.01 to 80 oersteds and more preferably 0.01 to 50 oersteds. Further, it

hesteiegistaeeadisshaating tenpermitie0t dierstibstraie i etiecmikaisastigh.
Bs of 50[8(6%1{00 to 1920emu/cc. 17 [0042]

The adhesive layer 14 is a layer (adhesion layer) for improving the
adhesion between the substrate 12 and the soft magnetic layer 16. By
providing the adhesive layer 14, it is possible to prevent stripping of the soft
magnetic layer 16. As a material of the adhesive layer 14, use can be made of,
for example, a Ti-containing material. In terms of practical use, the thickness
of the adhesive layer 14 is preferably set to 1 to 50nm. In this example, the
adhesive layer 14 is an amorphous CrTi layer. The thickness of the adhesive
layer 14 is, for example, about 10nm.

[0041]

The soft magnetic layer 16 is a layer for forming a magnetic circuit
between the head and the perpendicular magnetic recording layer 30. The soft
magnetic layer 16 is not particularly limited as long as it is made of a magnetic
substance that exhibits soft magnetic properties and, for example, preferably
has as its magnetic property a coercive force Hc of 0.01 to 80 oersteds and
more preferably 0.01 to 50 oersteds. Further, it preferably has as its magnetic

property a saturation magnetic flux density Bs of 500emu/cc to 1920emu/cc.
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As a material of the soft magnetic layer 16, there can be cited, for
example, an Fe-based material, a Co-based material, or the like. For
example, use can be made of an Fe-based soft magnetic material such
as FeTaC-based 5 alloy, FeTaN-based alloy, FeNi-based alloy,
FeCoB-based alloy, or FeCo-based aIIBZ/, a Co-based soft magnetic
material such as CoTaZr-based alloy or CoNbZr-based alloy, an
FeCo-based alloy soft magnetic material, or the like. [0043] The thickness
of the s&ﬁ%ﬁbnetic layer 16 is, for example, 10 to 10 200nm and

S I R R e

tto le thagnetic circit” across

hempns, dhereerzeedieniae macadis-reeeidinaiavar, 30 .tasdikee splir example,

magnetic layer 16, while, when the thickness exceeds 200nm, there is a
dascante anadeaffabe bgerdssoih cregneiicruateiiahauah e FeTaC-based

A B A e B e DA o
Brolpraned ipdbedsedimasaieditc lRvREA S WBE LIS THAARSLS LB 87

move, there is a possibility of noise generation. Therefore, the soft

GalybZtibsent dboyreferbblydibaseplatkitysoft 20spittitagadtdatateties like.
layers antiferromagnetically coupled (AFC: Anti-Ferro Magnetically
Coupled?ﬁf”é]ach other. With this configuration, it is possible to prevent

noise g éqﬂ%?(%#?%lf%@@rﬂfgﬁeﬁ%fgggﬁg% %ﬁ%‘%‘s&m&v& 1010

[0045] In this example, the so y comprises a plurality of

2600aT add Ipystey aptijfeoaonagoaticallymipted thierebsetheldbsangh a0nm,
Ru layer interposed therebetween. The Ru layer is, for example, a layer

thieneais BgRsayeharenit beeeMEscdifiickiidssioftha suiteilermagsetic circuit
B e e S AR R B B N B S o
faghBlic layer 16, while, when the thickness exceeds 200nm, there is a case
where the surface roughness increases. Further, when the thickness exceeds
200nm, there is a case where the magnetic domain control becomes difficult.

[0044]

Herein, large magnetic domains tend to be formed in the soft magnetic
layer 16. When large magnetic domains move, there is a possibility of noise
generation. Therefore, the soft magnetic layer 16 preferably has a plurality of
soft magnetic material layers antiferromagnetically coupled (AFC: Anti-Ferro
Magnetically Coupled) to each other. With this configuration, it is possible to
prevent noise generation by making the magnetic domains difficult to move.

[0045]

In this example, the soft magnetic layer 16 comprises a plurality of
CoTaZr layers antiferromagnetically coupled to each other through a Ru layer
interposed therebetween. The Ru layer is, for example, a layer with an hcp
crystal structure. The thickness of the Ru layer is, for example, about 0.9nm.

Each CoTaZr layer is a layer with an amorphous structure. The thickness of
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[0046] The underlayer 18 is a layer for controlling the crystal structure of
the perpendicular magnetic recording layer 30. The underlayer 18 may be
a 5 multilayer film of a plurality of kinds of films. In this example, the
underlayer 18 comprises a first orientation control layer, a second
orientation control layer, an isolation pi‘@moting layer, and a
miniaturization promoting layer in this order over the soft magnetic layer
16. [0047] 10 The first orientation control layer is a layer for controlling the

BRI TR LRYEH 155 d9s 8RB ha#h W Atrol layer being its upper

layer. In ﬁGT,\xampIe, the first orientation control layer is, for example, a
Ta layer or a ‘CoCrTa layer with a bcc crystal structure close to

amorphqu® dhedhisieress iohths drsbedentesiing asreryaudrssutitire of the
example, about 3nm. The second 15 orientation control layer is a layer for

papevmgules sragnatieresiardinaraxer dPperliagaindetayexidipiay te a

e T e e b Bl R ARl R Risel e ygploriaver 13
ESRAPRR LR A o8 PADNEB 1RGSR REPOI RIS BN JAtPOIa%FEr, an

for separating the composition of its upper layer to promote isolation of
iSyistiHb g r@ios Ofing) iEylatjandramotizdu feadiois fromedihy & ppuitetting order
method in a state where, for example, the gas pressure is higher than
YR iR A AU RLIF 1BY& H&ing the second orientation control layer. By
this, the 'gs&iéyion promoting layer becomes a layer in which 25 crystals are
small ar{ crystal grains are away from each other. In this example, the

isolatiorpre fretingiéayetioh Gtireviaydte andien tysehslieyeeldigstal
thickness of the isolation promoting layer is, for example, about 1 Onm.

ERrgation Phine st it igidencteiiial/eyry Deiperrpraniiey.  In this
example, the first orientation control layer is, for example, a Ta layer or a
CoCrTa layer with a bcc crystal structure close to amorphous. The thickness
of the first orientation control layer is, for example, about 3nm. The second
orientation control layer is a layer for improving the orientation of the further
upper layer. In this example, the second orientation control layer is a Ru layer
with an hcp crystal structure.  The thickness of the second orientation control
layer is, for example, about 10nm.

[0048]

The isolation promoting layer is a layer for separating the composition
of its upper layer to promote isolation of crystal grains. The isolation promoting
layer is formed by a sputtering method in a state where, for example, the gas
pressure is higher than that in forming the Ru layer being the second orientation
control layer. By this, the isolation promoting layer becomes a layer in which
crystals are small and crystal grains are away from each other. In this example,
the isolation promoting layer is a Ru layer with an hcp crystal structure. The
thickness of the isolation promoting layer is, for example, about 10nm.

[0049]
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miniaturization of crystal grains of its upper layer. In this example, the
miniaturization promoting layer is a layer (CoCr-Si02 layer) with a
nonmagnetic crystal grain granular structure in which SiO2 is segregated
at the grain 5 boundaries of nonmagnetic CoCr crystal grains. In the
miniaturization promoting layer, the CoCr crystal structure is, for example,
an hcp crystal structure. The miniaturization promoting layer may partly
contain CoCr with a bcc crystal structure. The content of SiO2 in the

miniaturiZ2@GAPRHERIPNRIeMeting Bxehiia BysifaRaMeiyaio to
t90)..The thi f the 10 miniaturization promati 8,
A o S s R R R e T e e
reierdclinic Aaper O isdong & enithe |ayeiqDoZABDIOpIaysHingtia¥eionmagnetic
[0050] The granular layer 20 is a layer with a granular structure in which
erygi8l@iiaie igreaglagatatcutrtingraiahSiddisise wramicshaizbe orpstal

' di le of [ ding | . In thi le, th
Beinsianes 8l seneageaic belis Vel i som i os RN gine
prehdiRgRgenaie BWesianraanagnelisals salabngttemayRepcoayatar
at the grain boundaries of the magnetic grains. The thickness of the

giractilze lay€h e Onisifbu zatiopl @r @0 @mgn ayrd e ssa y redeiployr@aim T, with a
and more preferably 7 to 15nm (e %.beout 9nm). [0051] The magnetic

Besireysiahstgtaiitar Iyt S0Niea cr)tifPe i ReRIN iR RIATQRY

ti | : r t ir 2 j
e e e T O s the
eiARRIAZ HNiSBEOMREORNG Bipdnssaie (eaxarfipwithssuheneryshetgiahiRr layer
The size (diameter) of the magnetic grains is, for example, 5 to 20nm and
PPt taslperpenginwlar RragieHooraser diagh ARIMHA i ENeR ehdlitetic
%ai.n% 20 is 2nm or more, for example, 2 to 20nm and preferably 4 to

fialunization promotinglayer.
[0050]

The granular layer 20 is a layer with a granular structure in which an
oxide is segregated at the grain boundaries of miniaturized crystal grains, and is
one example of a main recording layer. In this example, the granular layer 20
is a CoCrPt-SiO5 layer and contains magnetic grains and a nonmagnetic
substance magnetically isolating the magnetic grains at the grain boundaries of
the magnetic grains. The thickness of the granular layer 20 is, for example,
20nm or less, preferably 8 to 16nm, and more preferably 7 to 15nm (e.g. about
9nm).

[0051]

The magnetic grains of the granular layer 20 are crystal grains that
exhibit perpendicular magnetic anisotropy, and are adapted to reverse their
magnetic moments according to a signal recorded in the granular layer 20. In
this example, these magnetic grains are CoCrPt with an hcp crystal structure.
The size (diameter) of the magnetic grains is, for example, 5 to 20nm and

preferably 8 to 15nm. The width of the grain boundaries of the magnetic grains
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of the grain boundaries of the magnetic grains represents, for example, an
average value of the widths of the grain boundaries of the magnetic grains
in the granular layer 20. 5 [0052] The nonmagnetic substance contained
in the granular layer 20 is a nonmagnetic oxide segregated at the grain
boundaries of the magnetic grains. In ffis example, this nonmagnetic
substance is, for example, silicon oxide (SiO2). As the nonmagnetic
substance, use may be made of, for example, 10 titanium oxide (TiO2

: )
inSBAHASBRGD. [PhEEIRRIAL 818ieBt Bl RETRraRlY drimlRPMyer H§ width

IS, le, 6at9 - - 9 fo,

G R Bl s 1 BB S Ao ne or R Br
EREQLRNREUEBT ANE dvitit i il ZREAN I URE Ay tAgneifaghetic grains in
substance, but there is also a possibility of the occurrence of degradation
ihegeroiviardaye i) -perpendicular magnetic anisotropy, or the like of the

granular,_| gf 20 alone. Further, by this, the thermal stability of the
granular[q)gg 20 alone is considered to be reduced. However, in this

exampley {Bé6RMAYRsIT B yREL R IDNBAAPYRS HiarliRnYS/R¥eis a

20. Therefore, even'if the 20 content of SiO2 or the like in the granular
trayenaQnsticoeakedegregadedibleihe gravdod dine ades wé ifve okiesic grains.
Froblems. [0054Mhe coupling control layer 22 is a layer for controllin

RdnigrEXgIRRIE. iy MORMRAINSiG BERAIBBR]HS (PaRMRlFe ﬁﬂ@%&’&j@

s I e e IR S e A B P e,
thertampiRid ST |l aystedd tsh S £xamRiesotnehpoiesSiOa theftke in the

example, 0.5 to 1.5nm and preferably 0.7 to 1.0nm (e.g. about 0.8nm).
g elaidang cdhifelfRIyex PRIty Alferdaaléyapd argiemblyyk? to 14%.

[0053]

When, for example, the content of SiO» or the like is set to 6at% or
more, the SN ratio can be improved by miniaturization of the nonmagnetic
substance, but there is also a possibility of the occurrence of degradation in
coercive force Hc, perpendicular magnetic anisotropy, or the like of the granular
layer 20 alone. Further, by this, the thermal stability of the granular layer 20
alone is considered to be reduced. However, in this example, the continuous
film layer 24 is formed over the granular layer 20. Therefore, even if the
content of SiO» or the like in the granular layer 20 is increased, it is possible to
prevent the occurrence of these problems.

[0054]

The coupling control layer 22 is a layer for controlling the strength of
magnetic coupling between the granular layer 20 and the continuous film layer
24. In this example, the coupling control layer 22 is, for example, a Pd layer
with an fcc crystal structure. The thickness of the coupling control layer 22 is,
for example, 2nm or less and is, for example, 0.5 to 1.5nm and preferably 0.7 to

1.0nm (e.g. about 0.8nm). The coupling control layer 22 may alternatively be a
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[0055] The continuous film layer 24 is a layer in which exchange coupling
continuously extends in a direction parallel to the main surface of the
substrate 5 12. The continuous film layer 24 is one example of an auxiliary
magnetic layer and contains magnetic grains that exhibit perpendicular
magnetic anisotropy. These magnetic 5 ains are magnetically
exchange-coupled to the magnetic grains of the granular layer 20 in a
direction perpendicular to the main surface of the substrate 12. 10 [0056]
FPhiaY¥@8th of the grain boundaries of these magnetic grains is smaller

than thafo(bf grain boundaries of the magnetic grains of the granular
layer 20" and, for example, 1 nm or less and is, for example, 0.1 to 1 nm

and preferabdy ndiduisue. Brmiaetnis isnding diractim dbresieldadb & suping
surface of the 15 substrate 12, the magnetic grains of the continuous film

i Esly exisidyie codipasiion pacallsliHertisimaicosipiagesicke substrate
eater than that between, the netic grains of the granular layer 20. .

FererOrb I R SRR Tob s TP By AT AL (i aeti fayer

roBstratehRIghe ROGNe Wil BX kMR A PRt URAIRSHARR AR opy.

granular layer 20; it is possible to improve the 20 thermal stability of

Tdwaye eclag gattsgiidiegizick nesgratite g exonange fitoulplper t@ 4his,fagnetic

example, 1 to 8nm preferabla 3 to 6nm, and more preferably 4 to 5nm.

a5815 Of HeergfRniariarReen IR HiEseHan PEEreREiGHRTI IS B1ID Sidace

thi of the continuous film layer 24 is, for example, 2 to 5
gﬁn%c?%?é@r% %?:ﬁt%‘ 4. With this configuration, it is possible to exhibit

suitable[pegsndicular magnetic recording characteristics by the
exchange coupling. A magnetic anisotropy constant (maximum

anisotrophenedyy pkthefarRimbanstiyiganidhe s magneiitiawios farsmaller

{ﬁ %rtggtlg‘ft[ reegxr%ri?] l%’u%rc?g?igsb%‘ %%artr%gtngﬂct %%%fsﬂc])?the granular layer 20

and, for example, 1nm or less and is, for example, 0.1 to 1nm and preferably
0.3 to 0.8nm. By this, in the direction parallel to the main surface of the
substrate 12, the magnetic grains of the continuous film layer 24 are
exchange-coupled to each other with a coupling force greater than that between
the magnetic grains of the granular layer 20. Therefore, with this configuration,
for example, by pinning (Pinning) magnetization of the continuous film layer 24
using magnetization of the granular layer 20, it is possible to improve the
thermal stability of recorded signals. The thickness of the continuous film layer
24 is, for example, 1 to 8nm, preferably 3 to 6nm, and more preferably 4 to
5nm.

[0057]

The ratio A/B between the thickness A of the granular layer 20 and the
thickness B of the continuous film layer 24 is, for example, 2 to 5 and preferably
3to 4. With this configuration, it is possible to exhibit suitable perpendicular
magnetic recording characteristics by the exchange coupling. A magnetic

anisotropy constant (maximum anisotropy energy) Ku of the magnetic grains of
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soft magnetic substance. With this configuration, it is possible to reduce
the width of domain walls formed in the continuous film layer 24. The
magnetic anisotropy constant Ku of the continuous film layer 24 may be
greater than that 5 of the granular layer 20. A coercive force He of a
material forming the continuous film Ia?gr 24 may be, for example,
smaller than that of the material forming the magnetic grains of the
ranular layer 20. [0058] In this example, the continuous film layer 24 is in

8 FaimeHEdilmURIS il IRAMRMEISPTRlRIAPhbegRtPPRY 3t of the
%91’? r%%? ﬁ%?i@%éﬁgg%ﬁg@ﬁ@gg;%‘ﬁtﬁﬁ%@ﬁrﬁ {8 BobWR R HE8uce the

ayers) for each. ayer containing magnetic grains

AP of dbneinicraes fopiiée iCoferdayendoadsiliongpeneale, Ipeuhagnetic

0.35nm. When the CoCr layer 106 is extremely thin as described above,

anseisgpe toastant ol Cbthesreminumiecliniray es B4veay driggseater than that
sfrycture. The CoCr layer 106 may cqntain, for example, crystal grajns of

S WA B shoeTEv B o A TS AN AIMAGILIE o
DRMYBOSMIseSP A stsirbserdedichRessidheBH 1Kol %isniRrial
example, about 0:8nm. When configured in this manner, interface
foagimggithamsagnoglyci g gene etdteag deuilaicikdgee 2@tween the 20 CoCr

layer 106 and the Pd layer 108. By stacking the layers 106 and 108, for
examplépgg'%ree layers for each, it is possible to obtain necessary

Icknos O hE AR QL Mot 77 0 K AR e e

enanimer dilvingleiareCeBitiayeus fie e Payer968]arbalternately
continuous film layer 24 may have, for example, a Pt layer instead of the

I_lamiayéfaqm.méh,rW@m%gstwman@Mwm@e%%B TageoCr
R Y R P BB e A B B o e
CoCr layer 106 is, for example, about 0.35nm. When the CoCr layer 106 is
extremely thin as described above, the magnetic grains of CoCr are not
required to have a crystal structure. The CoCr layer 106 may contain, for
example, crystal grains of CoCr with an hpc crystal structure. The Pd layer
108 is a nonmagnetic Pd layer with an fcc crystal structure. The thickness of
the Pd layer 108 is, for example, about 0.8nm. When configured in this
manner, interface magnetic anisotropy is generated at the interface between the
CoCr layer 106 and the Pd layer 108. By stacking the layers 106 and 108, for
example, by three layers for each, it is possible to obtain necessary
perpendicular magnetic anisotropy. This makes it possible to reduce the
thickness of the continuous film layer 24 as compared with using, for example, a
single-layer continuous film layer 24.

[0059]

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

layer instead of the CoCr layer 106. The continuous film layer 24 may
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compound and Pd layers or Pt layers are alternately laminated by n layers
for each. Alternatively, the continuous film layer 24 may be, for example,
a single-layer film with high Pt content. The continuous film layer 24 may
5 alternatively be a single-layer film of, for example, CoCrPt, CoPt, CoPd,
FePt, CoPt3, CoPd3, amorphous TbF@éoCr, SmCo5, Nd2Fel4B,
Co020Pt80, or the like. [0060] In this example, magnetic field shield
portions 202 are formed in part of the continuous film layer 24. The

AiggnativaieiBespign iRt Pooan ot peBtndhy rsrdyripiel @ Co

EOmMINd AT SRS D aterbar A Hded B avers for
882rare Mes vamedysensecantiiaigUs aunaty soriona 2Ok, Retakesiiee a

magnetic field shield portions 202 and the hard magnetic portions 204 will

Bia oty el it s gboBt g amhie ko tddie € dajienRe Sifitntayeh it anay

I 2 ther f d th ti film | .

TRV i 35 R T bR Bt RGN L magreRe: FeP
(RSPHS) bIRypRdHAMH A8 YBRRBSEINS oA NS-RIgIsClRIPY 86 ffe like.
for example, a carbon-based film with a 20 diamond-ike structure. The

lubricatif@B@kr 28 is a layer for increasing the lubricity between the head
and the magnetic recording medium 10. The Iubricatirtﬁ)layer 28 is, for

exampldNaTMPRIBRISE TRAMBBPOIRIY Ettely RereasEPa afis (eanRg in part of
RESf nﬁ%ﬁglﬁﬁﬁf /el a”ﬁ?&%'é@gggj%ﬁa%g%ﬁdﬂ%g{%%z fy6 formed

recording medium he r'espectlve rom esive layer to

e feprtizunp fithdayei theaceyetaispiiRapty desatasl by e seatteirzdiation.
method. Particularly, a DC magnetron sputtering method is preferable

bethaiseniintss fili leyanddn iegiane neee ity aetier firid ¢hietd portions
%%t%cfgvr?olta%%nze%igé)r(%%g lf)1lgrfdoFrr1naeg(]#1<ta)%|{c"iportions 204. Details of the
magnetic field shield portions 202 and the hard magnetic portions 204 will be
described later.

[0061]

The protective layer 26 and the lubricating layer 28 are further formed
over the continuous film layer 24. The protective layer 26 is a layer for
protecting the perpendicular magnetic recording layer 30 from an impact of the
head. The protective layer 26 is, for example, a carbon-based film with a
diamond-like structure. The lubricating layer 28 is a layer for increasing the
lubricity between the head and the magnetic recording medium 10. The
lubricating layer 28 is, for example, a film of PFPE (perfluoropolyether) formed
by a dip coating method.

[0062]

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

magnetron sputtering method is preferable because uniform film formation is
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CVD method. [0063] When forming the CoCr layers 106 and the Pd
layers 108 of the 5 continuous film layer 24, it is preferable to use Kr as a
sputtering gas. With this configuration, the interface magnetic anisotropy
can be more appropriately generated by forming the clean interfaces
between the CoCr layers 106 and the layers 108. The CoCr layers
106 and the Pd layers 108 may be formed by a CVD method. 10 [0064]

Herein, the method of forming the mafgne_tic field shield portions 202 and
anahledh m%hmrtqibﬁrdv@r@gm pretesiYR IR ARispEsTorakly fasmed by a
8 rmg%gafurther detail. The perpendicular magnetic recording layer 30

In" the magnétic recording medium 10 of this example is formed through a
granulard@etglyer forming process, a coupling control layer forming
process, and a continuous film layer forming process. The granular layer

forming roeadeniminadhnexappldarersmin andibmf thiavers iigpof the

s | f th ul 2 th derl 18. Th .
B o P g o i S BEAC 1 R, B0 RGeS er Yt
fistls tHgnrRo MR 2RI EOREGHEHE 2RISR BV IR BRINERECSBRRIBriately
one example of an auxiliary magnetic layer forming process and forms

tem ecatauoy Sofifmin g ytae 2eam tindectagaisnbatoveteol bgeC @2r |H)@65]106tEad the
example, the continuous film layer form% rocess comprises a hard
|

RAARBS 9B+ forRRaQG bIRRTS OB ATSHBR A H IRYRIRICS dRaYeRe ferped by

ﬁf&wqﬁg tic layer forming process forms a hard magnetic layer in
e form of the multilayer film of the CoCr layers 106 and the Pd layers

108. Thepies4lpeam irradiation process forms the magnetic field shield
portions 202 by irradiating an ion beam on part of the hard magnetic layer

to soft-niigjeétiZbasmBheshidiemingdhel Maanekcdeldetielkpgriasmna?2
gﬁaddtiﬁ(taeﬁavyg rr]ntztllg(]_:‘rjcca) icbpegrrtri]ons 204 of the continuous film layer 24 will be
described in further detail. The perpendicular magnetic recording layer 30 in
the magnetic recording medium 10 of this example is formed through a granular
layer forming process, a coupling control layer forming process, and a
continuous film layer forming process. The granular layer forming process is
one example of a main recording layer forming process and forms the granular
layer 20 on the underlayer 18. The coupling control layer forming process
forms the coupling control layer 22 on the granular layer 20. The continuous
film layer forming process is one example of an auxiliary magnetic layer forming
process and forms the continuous film layer 24 on the coupling control layer 22.

[0065]

In this example, the continuous film layer forming process comprises a
hard magnetic layer forming process and an ion-beam irradiation process. The
hard magnetic layer forming process forms a hard magnetic layer in the form of
the multilayer film of the CoCr layers 106 and the Pd layers 108. The
ion-beam irradiation process forms the magnetic field shield portions 202 by

irradiating an ion beam on part of the hard magnetic layer to soft-magnetize its
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are left remaining as the hard magnetic portions 204. By this, the
continuous film layer forming process forms the magnetic field shield
portions 202 and the hard magnetic portions 204 in the continuous film
layer 24. 5 [0066] Fig. 1 (b) shows a first example of an ion-beam
irradiation method. In this example, th&fon-beam irradiation process uses
a silicon stencil mask 40 to set regions, to be irradiated with an ion beam
42, on the continuous film layer 24. Then, the ma(lgr_letic field shield

pHenisspadialecayiifeins jar &gatihg RETHAYdERiIBIH WSSk ion beam

L U s BT A LS
ARyl fhermmropeiieisthahic lthe phigne O Rsianshrl @ epedy §0P0®ENd the

with high accuracy. [0067] 15 Herein, the ion-beam irradiation process
Raiel SiRE AL et GRS O éNtheoeantis izs hbThipyerftdfagnetic regions,

in the re&lﬁgg irradiated with the ion beam 42 by, for example, changing
the crys Lcture of the continuous film layer 24 by the energy of the

ion bearpid24 iR GR%e HiSHBRPRBIR of A BIRDARCRRERABYHGHBIHIY.  In

magnetic field shield portions 202 so that the 20 entire perpendicular
thisgoratin pée diftérigrialyeaB0ircadiatitngtbeagnnskes Bgdic@ sthactbmalakgdO to
control layer 22, and the continuous film layer 24 exhibits the soft

FRAGABIROBrAPEIR LA BN IRABEABh70BBIR B RABHAMG SIS laver
9 mf‘ﬁé‘ﬁ?'ﬁw@%ﬁ{?iﬂ% e é%@%ﬂﬁe?gﬁﬁ\%%ﬁﬁé& by irradiating the

magnetlzatlon In a m-plane Irection para € malin surface o

BubBEate 42.0Nithosésrégiensfigwatintmhid & phgsialtole, M @ossible to
appropriately block a recording magnetic field extending in the direction

pecHnalaty sel thainegdienssoobeneradigiadiwitinthe inebraghéte fidlaerefore,
SRR TR 292 {0008 20 dn-iie G TR SrBRSBH S BaR e
properly formed with high accuracy.

[0067]

Herein, the ion-beam irradiation process forms the magnetic field shield
portions 202, being soft magnetic regions, in the regions irradiated with the ion
beam 42 by, for example, changing the crystal structure of the continuous film
layer 24 by the energy of the ion beam 42. In this case, the ion-beam
irradiation process may form the magnetic field shield portions 202 so that the
entire perpendicular magnetic recording layer 30 combining the granular layer
20, the coupling control layer 22, and the continuous film layer 24 exhibits the
soft magnetic properties. The ion-beam irradiation process preferably forms
the magnetic field shield portions 202 having an axis of easy magnetization in
an in-plane direction parallel to the main surface of the substrate 12. With this
configuration, it is possible to more appropriately block a recording magnetic
field extending in the direction parallel to the main surface of the substrate 12 by

the magnetic field shield portions 202.
[0068]
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CoCr layers 106 and the Pd layers 108. This multilayer film exhibits the
perpendicular magnetic anisotropy due to the interface magnetic
anisotropy. Therefore, the hard magnetic portions 204 not irradiated with
the ion beam are 5 magnetic regions that exhibit the perpendicular
magnetic anisotropy due to the interfad® magnetic anisotropy. [0069] The
ion-beam irradiation process forms the magnetic field shield portions 202
by irradiating the ion beam 42 on this multilayer film to form an 10 alloy of

metals dBritimBYaMMHe diBaagiryaus WA e pedsdhe Toigidpyss film of the

CHC e rheToang iR RS TH08: TR RIRB TR dibis e
perpienaiedhsmababtieamiasnety irld mhield pastiore 202dprtRmeisoftopy.

magnetic regions that exhibit substantially no perpendicular magnetic

Ahreheisy eecharthreagoeticnadpnsieGhretiopgiateeraidiehadesropgm are
to this example, t agnetic field shield.portions 202 can be proper
ARy TN AT R RrLRET O o BBIRoES R QUBEy Ot to the
MRONRYCHalhees drastieps.202 substantially only in the continuous film
layer 24 among the respective layers included in the perpendicular

magneti®B&83rding layer 30. 20 [0070] Fig. 2 is a top view of the
continuaus film layer 24 showing positions of the magnetic field shield

portions BRI QAP ERThErAHMPRROFERfINDBANMRENR G Eeighaield

e 20 B o B D R DR BT an

Hloyroatiostaroomesi e dapneelive Bitayardracksana this Pyaaydes 48 of the
magnetic field shield portions 202 are each formed in a guard band region

prllidpyes dinetpspasiveben theiamakes thadkic Heesoiiateorfdbpanasietic
S B B R R s 200 o
feseiMediiRiRdhie FORtisMeRS portions 202 become soft magnetic regions that
exhibit substantially no perpendicular magnetic anisotropy due to interface
magnetic anisotropy. Therefore, according to this example, the magnetic field
shield portions 202 can be properly formed by ion-beam irradiation. Further, it
is possible to form the magnetic field shield portions 202 substantially only in
the continuous film layer 24 among the respective layers included in the
perpendicular magnetic recording layer 30.

[0070]

Fig. 2 is a top view of the continuous film layer 24 showing positions of
the magnetic field shield portions 202 and the hard magnetic portions 204. In
the figure, white portions and black portions in the hard magnetic portions 204
represent the difference in magnetization direction due to the difference in
information recorded in respective bits on tracks. In this example, the
magnetic field shield portions 202 are each formed in a guard band region being
a gap region between the adjacent tracks. Regions corresponding to the

tracks become the hard magnetic portions 204. By this, in the granular layer
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film layer 24. [0071] With this configuration, the tracks are magnetically
isolated from each 5 other by the magnetic field shield portions 202.
Therefore, it is possible to make the magnetic recording medium 10 (see
Fig. 1) properly function as a DTR medium. Further, for example, since
the track edge noise is reduced by thi§,7|t is possible to reduce the track
width (Erase width) and thus to improve the track density. 10 [0072]
Further, when configured in this manner, the magnetic field shield

POribRraesRIRG RN IMARERIIFGIHRNGR IRFRISAIRIBHE A AP US
ﬁmgelg%igpélg the direction parallel to the main surface of the substrate 12

see Fig. 1) between the tracks. Therefore, with this configuration, when
recording@@d?13 magnetic signal on the track, it is possible to block a
recording magnetic field extending toward the outside of the track,

thereby YMaRittjsiee nigiedioss bt ok areinpgnefinally istdededdsomnaach

makes it possible to.properly prevent the influence of the recarding .

B B R BN b LSRR S o] TELELST S o asiole t

e e A L o 7 2

bhBgmeediwwoording tmediomebmpier srasphe, trHe8 exge0misansl reduced by
referably 135 to 165nm. The track interval (track pitch) L2 being a .

@Ié”‘ta’ﬁé’é TR lcrrdvef the irack widhi deres sridi) aljddBredadrmpeove

s, f 50 to 250nm and preferably 180 to 220nm. The width L3

%ﬁetgﬁikaggﬁgilc field shield portion 202 in a track width direction is, for

examplgo@@jo 70nm and preferably 40 to 60nm. [0074] 28 Magnetic

field shield portions 202 may further be formed in regions
Further, when configured in this manner, the magnetic field shield

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

[0073]

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

[0074]
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each located between bits to be recorded on the tracks. With this
configuration, it is possible to make the magnetic recording medium 10
function as a patterned (bit-patterned) medium. 5 [0075] Figs. 3 and 4 are
graphs showing the states of changes in magnetic properties by
ion-beam irradiation on multilayer films®ch being the same as the
continuous film layer 24. Table 1 shows ion-beam irradiation conditions
corresponding to respective ma neticl‘%roperties shown in the graphs of

Figs. 3 10AAREUCHIRICSBIRIIPRIHAUS 4O 2MAYJUEIRIRS aEBES thrions

Ao BRIV K R0 Y BTy rouration
R0 da5iAk SoORakd B FRAGhER: REAIRGRISERA 57 RiAeidPadra patterned
1.0E+15 20 376 1.00 D11 Ar' 5.0E+14 20 911 1.00 D13 Ar' 5.0E+15 10

Bt mitermety mediwrR+15 10 1585 1.00 D17 Ar' 5.0E+14 10 2337 1.00
D19 Ar'ﬁ.ag +155 1028 0.86 D21 Ar' 1.0E+15 5 2488 1.00 D23 Ar'
5.0E+1 ]33 1.00 D25 reference(no) 0 0 4275 1.00 [0076] As seen

from Taﬁgsl. 3"%hBi9Sars ??Qp‘hs"\é?ﬁﬂ/vm? 1P BearL dAshakyEe9aehiyRetic
to 1 x1015 to 5x1015/cmZ, the coercive force He becomes small. This
pEppesBassiii & @ begioniiraatitdica ovitmatilayeb éidmsis sciftreayntiezedme as
the continuous film layer 24. Table 1 shows ion-beam irradiation conditions
corresponding to respective magnetic properties shown in the graphs of Figs. 3
and 4 and coercive forces Hc and squareness ratios S in the respective

magnetic properties.

[Table 1]

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

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

[0076]

As seen from Table 1 and Figs. 3 and 4, when the ion beam dose
(Dose) is set to 1x1 0" to 5x1 015/cm2, the coercive force Hc becomes small.
This represents that a region irradiated with an ion beam is soft-magnetized.
From this result, it is seen that if regions to be irradiated with an ion beam are

set by, for example, the method described using Fig. 1 (b) or the like, it is
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From this result, it is seen that if regions to be irradiated with an ion beam
are set by, for example, the method described using Fig. 1 (b) or the like,
it is 29 possible to properly form magnetic field shield portions 202 and
hard magnetic portions 204 in a continuous film layer 24. When the ion
beam dose (Dose) is set to 5x1015/cm?é9, the squareness ratio S becomes
small. This represents that a soft magnetic region having an axis of easy
magnetization in an in-plane 5 direction parallel to a main surface of a

BOBSRIREQ PriRRBIN &N By MR betic gl chaiuaishoasiens 9w a6d basfmagnetic
/ the.i .
S5 R B B T A W R TOT R 0 s

seftinsgneiysediombagnartirsyirbeaeomranstEzatio iTHe répiolsssts
direction parallel to the main surface of the substrate 12, the ion beam

e Sk a) a9 REfradigsbaIdN AR AR £88Y0NAg0SiZalims) dian in-plane
078] The ion irradiation energy is preferably set ta 5 to 30KeV and more

JESSIRREAIFIE 18 SORE0 PR A DR i R CORE A RBdEoE

1895t §aNNOt be properly formed. If the energy is too large, there is a

possibility that an ion beam passes through the layer and further exerts

an influg@6&dpon a lower layer. [0079] 20 The ion-beam irradiation
process_may irradiate, for example, an ion beam of pho&hom‘s ions (P)

or the IIKETNIRSHRARARBIFOSE HRSFhEMARE BreateiolBRaN & HEMB; CFRY
%ﬁ%\e@%@%ﬁbé&% Fébé’éqﬁ%%%?ﬁqi%ﬁﬁoﬁéi rﬁ'gg&ﬁ%% 8575079 when

exa e’ of an ion-beam Irra the ion-beam irradiation

yeaRRpiHe Huk exagnielts HRegion heanyifrrdiationf easy magnetization in the

in-plane direction parallel to the main surface of the substrate 12, the ion beam

dose (Dose) is preferably set to, for example, 5x1 0" to 5x10"%/cm?.

[0078]

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

[0079]

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

[0080]

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

[0081]

In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist
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process uses a resist mask 44 formed by the nanoimprint technique.
[0081] In this ion-beam irradiation process, as shown in Fig. 5 (a), the
resist 30 mask 44 is formed by, for example, using a nanoimprint mold 46
to emboss a resist film coated on a continuous film layer 24. Then, as
shown in Fig. 5 (b), irradiation of an iofbeam 42 is carried out using the
resist mask 44 as a mask, thereby forming magnetic field shield portions
202 in the continuous film layer 5 24. [0082] After forming the magnetic

magkshrbig BHFH@HMOW%@H&%, IHSHS. %lnﬁﬁ?tﬂwggigﬂ%é@ 49 gmboss a
FS%@W%%JP%%R*H%SR@@E 0 ?%T.‘EQ: Agige}ﬁ‘”%t@l%own in5ig- 5 ©)

configuration, the magne shield ions 202 can be proper

iosBRtioAftirdnedaboéea X g aHsIrs0eesh G sheh s imtdek 44disfarmask,
example, a carbon-overcoat protective layer 26 is formed on the

twiehydosning meenegtidiielpeiisidroripasighrinytproeestinfonssiim layer
% mbodiment 2) 15 Hereinbelow, another embodiment according to this

irst invention will be described with reference to Fig. 7. In this example, a
magneti@(g&cltrding medium 10 comprises a substrate 12, an adhesive

layer 14, a soit magnetic layer 16, an underlayer 18, a perpendicular
magnetidfitecdodmnipdpirer B@gmetiotéetoshsidrBliand 202) asosicatumgin Fig. 5
layer 28 in this order. The perpendicular magnetic recording layer 30

mpRsESsgRARAAdSEP 0 PR Y niabREAEMIP cBERIIARgTI2antgt Also
RSO AR e baieods U iy
ioraeitayeA’8r the petBelve ilndearatibrmd deedybkasitign 28 Riyes48)arer
the same as those in the above-mentioned embodiment 1 and thus
example, a carbon-overcoat protective layer 26 is formed on the continuous film
layer 24 in a protective layer forming process.

[0083]

(Embodiment 2)

Hereinbelow, another embodiment according to this first invention will
be described with reference to Fig. 7.

In this example, a magnetic recording medium 10 comprises a
substrate 12, an adhesive layer 14, a soft magnetic layer 16, an underlayer 18,
a perpendicular magnetic recording layer 30, a protective layer 26, and a
lubricating layer 28 in this order. The perpendicular magnetic recording layer
30 comprises a granular layer 20 and a magnetically coupling layer 24' (not
continuous layers but a single layer) stacked in this order.

In this example, the substrate 12, the adhesive layer 14, the soft
magnetic layer 16, the underlayer 18, the protective layer 26, and the lubricating
layer 28 are the same as those in the above-mentioned embodiment 1 and thus
description thereof is omitted.

[0084]

In the embodiment 2, the magnetically coupling layer forms a thin film,
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description thereof is omitted. [0084] In the embodiment 2, the
magnetically coupling layer forms a thin film, 31 which exhibits
perpendicular magnetic anisotropy, on the magnetic recording layer with
a granular structure and is magneticall)éhcoupled to the perpendicular
magnetic recording layer by exchange keraction between the magnetic
recording layer and the magnetically coupling layer that is magnetically
coupled 5 to magnetic grains in the magnetic recordint% layer. As an

Wi piiseRrrRGNticalRf SoRNAHAARSOIHRIPY. hiBe Birengtic recording

BB R S SIS B B B gt
ragnBtiendcdriintpiahee oytasnangs Mt icnenddeiaviseadd g destic

resistance in addition 10 to high-density recordability and low noise of the

fredidingdgeer Bhd theghnegnahcady smplngelangs habis-gragoeiically coupled
tructure containing no metal ogide or nHride at the grain boundaries

SRAILGHS R Bt "B HDAH0EY 61 REHINE 'Y8hs. The thickness of the
mag”e“ﬁ%"Xﬁ@%gm&éaéﬁ'h'@’rﬁ%rg%?iwlﬁ’c%%liﬁé Y MRdPERlR B Yited an

2 to 9nm. The thickness of the magnetically coupling layer is preferably
alidiyel aless ofateaiad Sinehgrariidridye Canal Bofer PteEoéliRt dacothCdCrPiB.
less thereof. The lower limit of the thickness is greater than zero and is

preferablyesB1a8netiRAll eRLPERE IRYS R SRR canfaBa Aligasy &GPt and,

O A ) S M i
maggetinsibigoeingalsigr imaneiorablyeset thingesibar eoysrentional.

The reasons therefo.r will be described hereinbelow. 25 When the o
granularTiagenagaeticalp cSiping ey el high SNoRMbsHHAbstructure containing

no metal oxide or nitride at the grain boundaries (nonmagnetic grain
boundaries) of magnetic grains.

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

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

[0085]

In the embodiment 2, the granular layer is preferably a
CoCrPt-SiO,-TiO2 layer.  Further, the thickness of the magnetically coupling
layer is preferably set thinner than conventional. The reasons therefor will be
described hereinbelow.

When the granular layer is a CoCrPt-SiO» layer, a high SN ratio cannot
be obtained unless the thickness of the magnetically coupling layer is set to a
certain high value. However, as the thickness of the magnetically coupling

layer increases, the coercive force Hc decreases. Further, if the thickness of
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be obtained unless the thickness of the magnetically coupling layer is set
to a certain high value. However, as the thickness of the magnetically
coupling layer increases, the coercive force He decreases. Further, if the
thickness of 32 the magnetically coupling layer is large, since it is
necessary to change the properties ovef the entire thickness, the change
in properties (e.g. soft magnetization) by ion-beam irradiation is hard to
occur. In contrast, when the granular layer is the CoCrPt-SiO2-TiO2 layer,

the rsagamisRlheRIRL S A B R gRIRE AP HASHIARERRARY K HoapaRthe
R S oL e U R PR s

GRIYARBIRANYH) Bicicasscuheiieadigtiorarutrirtayebisctire CoCrPt-Sio2
layer. Therefore, even if the thickness of the magnetically coupling layer

is set relatv@nragh wheoijpagsanwigy 1ayesis dmgidrel (Rivei®) = Télatiaysr, the

high ive f H be obtain If the thick f th
O RN ol e e B daS ST LG SN e o PR pleAyer 2

EBMYAEMAENEI deRiBNPRIE INBESHARERIFIBYLPRIGRS BoAftisPId)Rr, and

fact that the change in properties (e.g. soft magnetization) by ion-beam
imaslitt@ocosriacdifared. Aib&etorecohighamatecampposgibliehtothtccaskevhere
the magnetic recording mediumggo;perly function as a DTR medium or a

i

BeaerAed A d5B6 Ot His e iR mABREHOGhistPAdHIBRSDBlsness of
g T B S e omy S R

corishifioigpiensdsoan reighvetheligh e cnadoris Mg Bals issalstdifed.
respectively recorded, in the perpendicular magnetic recording layer 30.

In this el{dhfpibickeasaghiiic BHEOREI6AIYROROING dy6ft aradeetade thin, it is
L A e
%négéﬁ?eii:gé'% I EhenaagReticaly CH PIBELRNSY fstg reeiPRTayheriedtitn) by
ion-beam irradiation is facilitated. Therefore, for example, it is possible to
make the magnetic recording medium properly function as a DTR medium or a
patterned medium.

[0086]

In this example, magnetic shield portions 202 are formed in part of the
magnetically coupling layer 24'. The magnetic shield portions 202 are regions
for magnetically isolating a plurality of recording regions from each other, where
magnetic signals are to be respectively recorded, in the perpendicular magnetic
recording layer 30. In this example, the magnetic shield portions 202 are soft
magnetic regions and are formed by, for example, changing the crystal structure
of the magnetically coupling layer 24' being a single-layer film by ion-beam
irradiation.  In the magnetically coupling layer 24, regions where the magnetic
shield portions 202 are not formed serve as hard magnetic portions 204 that

exhibit perpendicular magnetic anisotropy.

[0087]
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shield portions 202 are not formed serve as hard magnetic portions 204
that exhibit perpendicular magnetic anisotropy. [0087] 33 Hereinbelow,
the method of forming the magnetic shield portions 202 and the hard
magnetic portions 204 of the magnetically coupling layer 24" will be
described in further detail. In this exam?) , the magnetic shield portions
202 and the hard magnetic portions 204 are formed by a recording layer 5
forming process and an ion-beam irradiation Erocess. The recording layer

forming [RSEERSIOW, SRS BRRLP FophiRigTHNG dnsrTiae Tajier Stiekd panions 202

i ing.l . 24 r r -
e e BT 2 e A AR 7 i
Be @eS¢RB daviefiyrifiOg8RI T henanideraniprR RO M AEPRARSIRiBIBO6ARSNS
of irradiating an ion beam on part of the magnetically coupling layer 24"

403 anehivenbarchgragreticioertionsiend 202 toyvem magreaaiiting fyas

rradjated with the ion beam, Regions noﬁirradiated wit Ee ion beam are
A RSS SRang A PR RAB IRa0 BURIbRIOSE3S oy 1S AROIGME R

R St e To0kny o

thégnshicaltyacobigtlmqlapde 84 aovientbe amderdalyatior8 rapthtuinie, 26 thes
example, the ion-beam irradiation process uses a silicon stencil mask 40
BAS AN SR aYRied whIT AL IRRYEE M PR R GREGREIRYRY OF 2
e | 24. Then, the magnetic shield portions 202 are formed by
%ﬁ%ﬁdﬁgﬁion beam 42 on those regions. With this configuration, it is
possiblg®osagcurately set the regions to be irradiated with the ion beam

42. Therefore, 25 according to this example, the magnetic shield portions
202 candepespeagm irradiation process is a process of irradiating an ion beam

on part of the magnetically coupling layer 24' and forms the magnetic shield
portions 202 by soft-magnetizing regions irradiated with the ion beam.
Regions not irradiated with the ion beam are left remaining as the hard
magnetic portions 204. By this, the ion-beam irradiation process forms the
magnetic shield portions 202 and the hard magnetic portions 204 in the
magnetically coupling layer 24'.

[0089]

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

[0090]

Herein, the ion-beam irradiation process forms the magnetic shield
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formed with high accuracy. [0090] Herein, the ion-beam irradiation
process forms the magnetic shield 34 portions 202, being soft magnetic,
in the regions irradiated with the ion beam 42 by, for example, changing
the crystal structure of the magnetically coupling layer 24 by the energy of
the ion beam 42. In this case, the ion-b&am irradiation process may form
the magnetic shield portions 202 so that the entire 5 perpendicular
iE}nﬁggnetic recording layer 30 combining the granular layer 20 and the

ABsi: QAR IERAPLEGHIBIIE/HE IORSHHGREARIS P Y[tR s iofigeam 42
SR e A D R 0 BETS cve

o pynmie ensfggopiibecvubetiniel22. Withithisasentigs ishabednsirassdien
to more 10 appropriately block a recording magnetic field extending in a

presgRshpayAindhteagie it Saicddop ationshafARo1th W thigeamtiignetic
shield portions 202. [0091] In this example, the magnetically couplin

R BP Ty Al ST B N COLTRP et RSBl 20 and
{R¥GhagHeRAmEGY Bl Taye eXNBiRiBRERBBUCH AN JDRSHBYSGEPEIREQPY The
due to interface magnetic anisotropy. The ion-beam irradiation process

fonAe Hme madizion gimede po prehsr 2Bl byrnrsatiatngghetiosiekhpdaions 202
this single-layer film to form an alloy of metals contained in the

Q%T@Iﬁ?@’ﬁmfﬁ%%ynﬁ%%@‘éeiﬁé%%fﬁc%”sﬁl@%ﬁ%r‘?ﬁg@ﬂéiﬁf albie ? main
Oyt A GpREpL fors haj AL A A ARGl RAIBREA0294 heing

the regions not Irra ith the ion beam at the magnetic” s

appiopaARE brcokne b riiRg ey rraio e i akexidrigsinostantatigmparallel to

perpendicular magnetic anisotropy due to interface magnetic anisotropy.
theefeadis Witres hi e sHRsERien pleb b enaigaasiicIsbial p peidien 2 @H2.
can bee@@gﬂly formed by ion-beam irradiation. Further, it is possible to
form th agnetic shield portions 202 substantially only in the

magnetigaiyiceyaifgie, the magnetically coupling layer 24' is the single-layer
film being the CoCrPt layer or the CoCrPiB layer. This single-layer film
exhibits perpendicular magnetic anisotropy due to interface magnetic anisotropy.
The ion-beam irradiation process forms the magnetic shield portions 202 by
irradiating the ion beam 42 on this single-layer film to form an alloy of metals
contained in the single-layer film. This makes the interface state of the
magnetic shield portions 202 different from that of the hard magnetic portions
204 being the regions not irradiated with the ion beam so that the magnetic
shield portions 202 become soft magnetic regions that exhibit substantially no
perpendicular magnetic anisotropy due to interface magnetic anisotropy.
Therefore, according to this example, the magnetic shield portions 202 can be
properly formed by ion-beam irradiation. Further, it is possible to form the
magnetic shield portions 202 substantially only in the magnetically coupling
layer 24" of the respective layers included in the perpendicular magnetic
recording layer 30.

[0092]



10

15

20

25

layer 24" of the respective layers included in the perpendicular magnetic
recording layer 30. [0092] 35 Herein, in this example, the ion-beam
irradiation process forms the magnetic shield portions 202 by changing
the interface state of the magnetically coupling layer 24' by ion-beam
irradiation. This change in interface staf® occurs with a smaller ion beam
dose (Dose) as compared with, for example, the 5 case of changing the
state of the magnetically coupling layer 24' over the entire thickness

thereof. "TREHBYOR: S BrRITEIfo this 18RhRAIB. iFRIAMIGRERIOSRRI dorms the
ﬁr}%#]ﬁgﬁcz%ﬁé%%i&g}f,‘e’?g% @@ﬁ%ﬁfﬂ@%ﬁﬁ%ﬁg@%%@%%@ Wil etically

IS case, Tor exam 0 narrow a range

adesed Ry dhedopprianbdambaadiatediatiPhisan AegestarrethrdtBtate

higher accuracy. 10 This makes it possible to accurately form the
aesyreNgtEhResinedardns 2e2m0oss] (Ensesasrromagrrdivvihidier syaimpse, the
202, being soft magnetic, can, be formed with a smaller.ion beam dose as ..
ORI ol BRSS! W RAGHEHEA B e ot b erire
iRidhisRsampisothe ThagBRIE 1R-eBiRlfh fastipns 202438 e darmgaatEsRield
smaller ion beam dose. This makes it possible to form the magnetic
pbrdlthg20a8rsapd®vptbgedhdoanedradih 4@004] kg. eshodsse se¢anther, in
example of an ion-beam irradiation method in_the ion-beam irradiation

hiscaze iR anRifIeNgR iReseRs PRSIk t20ToML 8 ageg gffected by
fﬁéi@ﬁ?&éﬁ#%ﬂﬁ%‘@ﬁ#%#&&&%ﬁ%ﬂ% E%@%%t@ﬂ?ﬂ%ﬁbﬂ%iu 3cy.

lon-beam irradiation process, as shown'in e resist mas
TonweshpsfarsibiieoUstR i i eirmiping MeldriditosarlePEs riofRSED2.
film coated on a magnetically coupling layer 24. Then, as shown in Fig. 25
5 (b), irrB¥88bn of an ion beam 42 is carried out using the resist mask 44

asa Further, the magnetic shield portions 202, being soft magnetic, can be

formed with a smaller ion beam dose as compared with, for example,
nonmagnetic regions. Therefore, according to this example, the magnetic
shield portions 202 can be formed with a smaller ion beam dose. This makes
it possible to form the magnetic shield portions 202 with higher accuracy.

[0094]

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

[0095]

In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist
mask 44 is formed by, for example, using a nanoimprint mold 46 to emboss a
resist film coated on a magnetically coupling layer 24. Then, as shown in Fig.
5 (b), irradiation of an ion beam 42 is carried out using the resist mask 44 as a
mask, thereby forming magnetic shield portions 202 in the magnetically
coupling layer 24.

[0096]
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mask, thereby forming magnetic shield portions 202 in the magnetically
coupling layer 24. [0096] 36 Hereinbelow, this first invention will be

described in further detail using Examples. (Example 1) Using an

evacuated film forming apparatus, an adhesive layer 14 and a 5 soft

magnetic layer 16 are formed in sequel?iée on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method.

In this event, the adhesive layer 14 js formed using a CrTi target so as to

be a Criera/RPaIRW-diRdins saveniioRitrhe derGriRgHmdY fetail using
B{%ﬂﬁﬂ ing a CoTaZr target so as to be an amorphous CoTaZr layer

with a total thickness of 10 50nm. For controlling magnetic domains, the

soft magpgHenigien 116 has a two-layer structure with a Ru layer with a
thickness of 0.9nm interposed therebetween. [0097] After forming the

soft mag/riflg Ry&vasUatedifiliofoMng 2RpAFAtYS, @miadies)\enlayer 14 and a
serving as a first orieptation contral layer and Ru layers (thickness 20nm
ST Rt R B S
LUt BTIPA R PRNBIRYE P DO AP BSR UG HdfRod.  In
magnetron sputtering method. Then, a granular layer 20 having a

thislewesd, dh®adhasive dayain iy istagmetc ugizmiga X0 wdhgah scpstpste a CrTi
structure is formed 20 using a hard magnetic target made of

evenpilBidRipkeess fLIPRM-usih preSsTie [Arefaboals JsmatkHARI 2
ggﬁg.‘j@f@%ﬁg&%%ﬁ&%ﬂ-%H%B}A%&%@Ké‘&%%mﬁgﬁrﬂliﬂﬁw %@j&#@g&n%%s of

layers are formed as a continuous ayer

guaknessof eashdliplgrmadartcidsetiag) tiunsencihgribickrges obaasha
Pd layer is set to 0.9nm. The

two-layer structure with a Ru layer with a thickness of 0.9nm interposed
therebetween.

[0097]

After forming the soft magnetic layer 16, continuously, a Ta layer
(thickness 3nm) serving as a first orientation control layer and Ru layers
(thickness 20nm) serving as a second orientation control layer and an isolation
promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC
magnetron sputtering method. Then, a granular layer 20 having a thickness of
9nm and containing magnetic grains 102 with an hcp crystal structure is formed
using a hard magnetic target made of CoCrPt-SiO».

[0098]

Further, using a low-pressure Ar gas as a sputtering gas, a Pd layer
(thickness 0.8nm) is formed as a coupling control layer 22 and [CoCr/Pd]3
layers are formed as a continuous film layer 24. The thickness of each CoCr
layer is set to 0.4nm and the thickness of each Pd layer is set to 0.9nm. The
thickness of the continuous film layer 24 in which the CoCr layers and the Pd

layers are alternately laminated by three layers for each is 4nm (3.9 to 4nm).

[0099]
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thickness of the continuous film layer 24 in which the CoCr layers and the
Pd layers are alternately laminated by three layers for each is 4nm (3.9 to
4nm). [0099] 37 An ion beam 42 of argon ions (Art) accelerated with an
energy of 30KeV is irradiated on a medium formed with the layers up to
the continuous film layer 24, using a stefhcil mask 40 as described using
Fig. 1 (b), thereby forming magnetic field shield portions 202 in regions
between tracks. In this 5 ion-beam irradiation, the ion beam dose is set to

5x1015/6MPTRBANE, ¥ arapatioRtddralraeasleratechumifiormeaeray of

ic field.shiel rti ' : idth i
R A S e o e e R S R s
Anel 398 bydipgey arteusinenask A oarbersarRiRasRPRIErNDataetedy
protective layer 26 made of hydrogenated carbon (hydrogenated carbon)

fermvingmaginetiaiellshivleipesiorsiAPronae g deivecentiiacks. In this
hyd dcarbon, it i ibl | ) dicular .
(TASHREAE RSIAl 1476 18D BRI SSF A Bt Dhdaal T Leaisiy in a
{AYICRHA: (@YBERSH TSR hRE R e PRTAYRERRGRING I fgg?ﬁ%ﬂ 59PYsB0nm.

dip coating method. The thickness of the lubricating layer 28 is 1 nm. In

e tnack angthnsagfeticracdrtiegnackdiotert@las@ddimg.to Example 1 is
fabricated. éOlOl] (Comparative Example 1) 20 A magnetic recording
mediuml 8¢ Qﬂding to Comparative Example 1 is fabricated in the same

T A B M LRI P 25 oo
eafsuding detGrnpgsatieeifyaimgee, b ipratemivelaaysedisimadd efdigatdgenated
medium is a magnetic recording medium in which a perpendicular 25
aasgaetbydreganeesyeaeapiisc@ongdby ainrghaibimyearghiaess isdmproved
g?%%%sse of the hydrogenated carbon, it is possible to properly protect the
perpendicular magnetic recording layer 30 against an impact from a head.
Thereafter, a lubricating layer 28 made of PFPE (perfluoropolyether) is formed
by a dip coating method. The thickness of the lubricating layer 28 is Tnm. In
this manner, a magnetic recording medium 10 according to Example 1 is
fabricated.

[0101]

(Comparative Example 1)

A magnetic recording medium according to Comparative Example 1 is
fabricated in the same manner as in Example 1 except that the coupling control
layer 22 and the continuous film layer 24 are not formed. The magnetic
recording medium according to Comparative Example 1 is a granular medium.
The granular medium is a magnetic recording medium in which a perpendicular
magnetic recording layer is formed only by a magnetic layer that is the same as
or similar to the granular layer 20. In this granular medium, the thickness of

the granular layer is 30nm.

[0102]
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or similar to the granular layer 20. In this granular medium, the thickness
of the granular layer is 30nm. [0102] 38 (Comparative Example 2) A
magnetic recording medium according to Comparative Example 2 is
fabricated in the same manner as in Example 1 except that the magnetic
field shield portions 202 are not formed®The magnetic recording medium
according 5 to Comparative Example 2 is a CGC medium provided with
no magnetic field shield portions 202 (hereinafter referred to as a

conventlSIRINBYIE EXRIBAIER). [0103] (Evaluation) 10 Fig. 6 shows

Al | i ¢ . . |
meonet AR G o B R OB ERIE Ri e 2 s
FiBriai@dshans Haene eesdingrRittier & iathel @ raenrgneditind aiagnir: field

magnetic recording medium according to Comparative Example 1. [0104]
selittpergenuBihesdiont, foimBed cdimimageiie eardinpngdiuaeaccording
he thermal stability of recorded signals is.lowered.as compared with, for,.
R e R DR A TRE TR O BoL UT G (PRAnels fel
SMSIBsBAKRR Poedirnsingdierisrrlde s e Bit & ibRAPsRIiesC
pattern is partially reversed due to a thermal fluctuation phenomenon or
thediken)Such 20 reversal of the magnetization has a possibility of causing
loss of recorded information and thus becomes an obstacle to an
increaséqmél:ording density. Therefore, with the granular medium, it is

difficult li ecording density, for example, exceeding 200Gbits
per squ?ﬁrﬁé‘éﬁ@%ﬂ 25 Fig. 6 (b) shows the recording pattern in the

conventgigabtgpewsthe simulation results of recording patterns of information
recorded in the magnetic recording media according to Comparative Examples
1and 2. Fig. 6 (a) shows the recording pattern in the granular medium being
the magnetic recording medium according to Comparative Example 1.

[0104]

In the granular medium, since a continuous film layer is not provided,
the thermal stability of recorded signals is lowered as compared with, for
example, a CGC medium or the like. Therefore, in a recording track,
magnetization of regions indicative of respective bits of the recording pattern is
partially reversed due to a thermal fluctuation phenomenon or the like. Such
reversal of the magnetization has a possibility of causing loss of recorded
information and thus becomes an obstacle to an increase in recording density.
Therefore, with the granular medium, it is difficult to realize a recording density,
for example, exceeding 200Gbits per square inch.

[0105]

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

recorded signals can be improved by pinning (Pinning) magnetization of a
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medium being the magnetic recording medium according to Comparative
Example 2. In the conventional type CGC medium, the thermal stability of
recorded signals can be improved by pinning (Pinning) magnetization of a
39 continuous film layer using magnetization of a granular layer.
Therefore, reversal of magnetization doR to a thermal fluctuation
phenomenon or the like is hard to occur and thus the increase in density
is enabled as compared with the granular medium. 5 [0106] However, in

wwﬁeﬁﬁwﬁd%ﬁe@@@rﬁw@ BFi%QfI&Qfﬁ@%‘ﬁt!ﬁMebf mig¥iefere.
{ﬁg&@ﬁ%@ ﬁ%‘g@%ﬁ&éﬁ’ﬁﬁfaﬁ‘éwﬂ@%‘? Hﬂgffpn%ffgry?e@%‘gg@ﬁgggﬁ?s Vr ¥ like is

ICU e provision of the continuous Ti o

BAADlOcE(RArRUIB0S M@iﬁﬁ:ﬁbﬁé@ih&d@ﬁ@if?@@lﬁblﬂﬂ% Eﬁkﬂ@éﬂé@ with the
value between 0 and 1 extend in the track width direction and thus it is

difiipulier i eslilvide track edge noise. [0107] This is because the
continu tﬁ@éﬂ layer being an auxiliary magnetic layer serving an
auxiliarj r the granular layer being a main recording layer 15 (main

recording dausfe Nas & EamMAISRIN AW PENIAL SRR HIGHRIRRIANE! Bntrol

the main surface of the substrate and thus a recording region extends as
staragraticarbeadli g osg @ostiork e xteckl inglthiit raspeeidib Xk eetiording
region are gray regions and, if these regions are large, the track width is

ReSaMER Yo B Hidd! Sy F0RIBPrRIPKIRIARIAL P RREUNIOUACIN IAwely. ehs 2
e G R A L SO e ) s

vegiersdpneeme asgurextehidankiesiaechaiigtoenesetion ahdereiere idndifficult
the conventional type CGC medium, when, for 25 example, realizing a

fecoriing HapkigderceeigMg 200Gbits per square inch, the
[0107]

This is because the continuous film layer being an auxiliary magnetic
layer serving an auxiliary role for the granular layer being a main recording layer
(main recording layer) has a magnetically coupling force in a direction parallel to
the main surface of the substrate and thus a recording region extends as seen
from a head. Those portions extending with respect to the recording region
are gray regions and, if these regions are large, the track width is assumed to
be wide.

[0108]

For example, in the case shown in Fig. 6 (b), the recording pattern is
formed wherein gray regions extend outside the width of a recording track
indicated by a rectangle 50. Such gray regions become a source of track edge
noise generation. Therefore, in the conventional type CGC medium, when, for
example, realizing a recording density exceeding 200Gbits per square inch, the
SN ratio decreases so that it is difficult to properly improve the track density.

[0109]

In contrast, in the magnetic recording medium 10 according to Example
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SN ratio decreases so that it is difficult to properly improve the track
density. [0109] In contrast, in the magnetic recording medium 10
according to Example 40 1, sufficient thermal stability can be obtained by
the CGC medium structure as compared with, for example, the magnetic
recording medium according to Compérocltive Example 1. Further, by the
formation of the magnetic field shield portions 202, when recording a
magnetic Si%ﬁ? on a track, it is possible to block 5 a recording magnetic

[

fiefHHlaieriip tRhRiAR Y RARB P B IR IPABRBIF rERdILSHCture as
@(ﬁ?ﬁ%‘%‘b Wvﬁﬂ“?&cefi%%@%mtﬁé‘% Hgtf%“rté%%@ﬁ%gﬁﬂi atgé%r@%%to

amplé 1, itis possi 0 prevent gray regions ng ou

CentinaiaivgtExEhpl 110 Foenedereythrstiaak £uge saise eriyhetieduredhield

as compared with, for example, the magnetic recording medium

petitmgds. ¥drapdrandirgaprRoPeticosigrRahiie fiadte hisgpesisible to block

recording medium 10 according to Exampl the SN ratig is jmproved

B AU B e KL G PEAAR I 18 RGBT SRR R ey

BRESAHTY thE PERAEMY PriaspRiedidTishNakeRdidg AXSRIYEHE ferlice, By

for example, a recording density exceeding 200Gbits per square inch

sl ifuExampleetoitds g aksisiey te xmeseinipgsaPEhitnsdraguextendaig outside

&Qé]ll] (Example 2) 20 Using an evacuated film forming apparatus, an
5@%‘1‘593}- 14 and a soft magnetic layer 16 are formed in sequence

on an a:w]l‘q silicate glass substrate 12 in an Ar atmosphere by a DC
magnetron gguttering method (see Fig. 7). In this event, the adhesive

layer 1475 épsraed, teegackc Eddaraeissocas e beduEadidaysmipred with, for
thickness of 1 Onm. The soft magnetic layer 16 is 25 formed using a

edragieidhfemagastie meardiednsbud ceraingyer Gamparative Example 2.

For example, in the magnetic recording medium 10 according to Example 1, the
SN ratio is improved by about 1.0 to 3.5dB as compared with the magnetic
recording medium according to Comparative Example 2. This makes it
possible to realize, for example, a recording density exceeding 200Gbits per
square inch and, further, a recording density exceeding 500Gbits per square
inch.

[0111]

(Example 2)

Using an evacuated film forming apparatus, an adhesive layer 14 and a
soft magnetic layer 16 are formed in sequence on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method (see
Fig. 7). In this event, the adhesive layer 14 is formed using a CrTi target so as
to be a CrTi layer with a thickness of 10nm. The soft magnetic layer 16 is
formed using a CoTaZr target so as to be an amorphous CoTaZr layer with a
total thickness of 50nm. For controlling magnetic domains, the soft magnetic
layer 16 has a two-layer structure with a Ru layer with a thickness of 0.9nm

interposed therebetween.
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total thickness of 50nm. For controlling magnetic domains, the soft
magnetic layer 16 has a two-layer structure with a Ru layer with a
thickness of 0.9nm interposed therebetween. 41 [0112] After forming the
soft magnetic layer 16, continuously, a Ta layer (thickness 3nm) serving
as a first orientation control layer and R layers (thickness 20nm) serving
as a second orientation control layer and an isolation 5 promoting layer
are formed as an underlayer 18 in the Ar atmosphere by the DC
magnett[Qﬂ 1s.%uttering method. Then, a granular layer 20 having a

it | - . ; h |
i AR S SRS R R
(fHidkdets Britheeiitad GoksPoliaigation 26miIRipdaEgRt Rudairng a

low-pressure Ar gas as a sputtering gas, a CoCrPt layer (thickness 7nm)
Ghigkoesx By ee(Hilkas s seRaNGIoanEiier” eonkghareslancoaplisglation
layer 24'. [0114] An.ion beam 42 of argpn ions_ (Art) accelerated with an

IR B9 12300 I TS e oI YDA o TG TRY B o dhe DC
Fﬁﬁdﬁ@ﬂﬂﬁtﬁﬂ%ﬁ%ﬁh%@der FheHSUIGARGRFINRPOGDIRMGD BYidRRess of
nanoimprint technique as described using Fig. 5 (a), thereby forming

amag reett derhdbshimddnpaginetis 202ins 16gionith aatweprctyataksinutiise is formed
ion-beam irradiation, the ion beam dose is set to 5x 1015/cm2. The width,

WP IRG 3 RaumAgRetifolRr g bR AhEe ST halietic field shield portion

202is 5 : ]The track width is 150nm and the track interval is 200nm.

[0115] Then, using a mixed gas containing Ar and 30% hydrogen and

using a Fgthen iR a<a SpRiteigettargeteqrPRIBatygdareditsmgde of
hydrogenated 25 carbon (hydrogenated carbon) is formed. Since the film
learcriessisarip@aeas a sputtering gas, a CoCrPt layer (thickness 7nm) or a

CoCrPiB layer (thickness 7nm) is formed as a magnetically coupling layer 24'.

[0114]

An ion beam 42 of argon ions (Ar") accelerated with an energy of
30KeV is irradiated on a medium formed with the layers up to the magnetically
coupling layer 24', using a resist mask 44 formed by the nanoimprint technique
as described using Fig. 5 (a), thereby forming magnetic field shield portions 202
in regions between tracks. In this ion-beam irradiation, the ion beam dose is
setto 5x10"°/cm?. The width, in a track width direction, of each formed
magnetic field shield portion 202 is 50nm. The track width is 150nm and the
track interval is 200nm.

[0115]

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

Thereafter, a lubricating layer 28 made of PFPE (perfluoropolyether) is formed
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by the use of the hydrogenated carbon, it is possible to properly protect
the perpendicular magnetic recording layer 30 against an impact from a
head. Thereafter, a lubricating layer 28 made of PFPE
(perfluoropolyether) is formed 42 by a dip coating method. The thickness
of the lubricating layer 28 is 1 nm. In Al manner, a magnetic recording
medium 10 according to Example 1 is fabricated. [0116] 5 (Comparative
Example 3) A magnetic recording medium according to Comparative

By Ao adngmRERE in the dBickhRRmAEINE WPESRIRBIEYRLER R P In
e R AR SR R R Bhole s

dnethedformation of the magnetic field shield portions 202, when
recording a magnetic signal on a track, it is possible to block a recording
magneti®fiéf] extending toward the outside of the track, thereby
preventing the recording magnetic field 15 from extending outside the
track. B R@Hﬂr%%?n ?gﬁséb)ossible to prevent gray regions from

extending rﬁ%lb%%%ﬁ%é@ﬁ'ﬁw’\gim@d[9%#§&c6?t§i®%%%;§%@é’@é}%% 3is

can be reduced as compared with, for example, the magnetic recording
fabdoated ¢odhdirgpoeCuaaeated e kxanplal & 228k Eepiekamible ,mmatrestic field
magnetic recording medium 10 according to Example 2, the SN ratio is
ﬁhég\)%f 216 1008 9IBeR compared with the magnetic recording
medium 859 ding to Comparative Example 3. This makes it possible to
realize, For example, a recording density exceeding 200Gbits per square
inch and Eftbetionyecording density exceeding S00Gbits per square 25
inch.

In the magnetic recording medium 10 according to Example 2, by the
formation of the magnetic field shield portions 202, when recording a magnetic
signal on a track, it is possible to block a recording magnetic field extending
toward the outside of the track, thereby preventing the recording magnetic field
from extending outside the track. By this, in Example 2, it is possible to
prevent gray regions from extending outside the track width.

[0118]

Therefore, the track edge noise can be reduced as compared with, for
example, the magnetic recording medium according to Comparative Example 3.
For example, in the magnetic recording medium 10 according to Example 2, the
SN ratio is improved by about 1.0 to 3.5dB as compared with the magnetic
recording medium according to Comparative Example 3. This makes it
possible to realize, for example, a recording density exceeding 200Gbits per
square inch and, further, a recording density exceeding 500Gbits per square
inch.

[0119]

Next, the second invention will be described.

[Disclosure of the Invention about the Second Invention]
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[0119] Next, the second invention will be described. [Disclosure of the
Invention about the Second Invention] 43 [Problem to be Solved by the
Invention about the Second Invention] [0120] As described above, in a
DTR medium, a patterned medium, or the like, as the track density
increases, the width of an isolation regﬁb?’l formed in a 5 region between
tracks decreases. Therefore, for example, when forming a groove or the
like as the isolation region by a mechanical method, the ratio of the depth
IBreRIGHHIA Pespebiadiiy hechmeation aRputRRE RREPAk PNy of
the isolafi gion becomes difficult. [0121] 10 Taking this into account,
the inventors of this application have made studies on forming an

isolationyegieschipddasiiatiag iamiOTEeaBdNIN, A aaiteliteteadine|atehe like,
to change the magnetic properties in a region of part of the magnetic
ascheliiigalaansisy marpasemdbRamidhl ai@ndsosaitpnasaiom seonast ia a

roove, The regjon to bg irradiated with an ion beam is set using, for 15

b o T AR eSS e A el L A R dHE G 2

§EB0KIE tHRIRY GagHe i%%'ﬁtﬁﬁ*}%%idh'%?%sﬁﬂg@n%ﬂ:%ﬂ%ﬁhs&%@?aﬁo of
region to be irradiated with an ion beam. Therefore, even if the track
ttendiptis tughethédtis¢dmectegim) becdreessorkrig thahadasate processing
compared with, for example, the case of forming an isolation region such
a6t iRationd g1 Pecem &S HiEieade of forming the isolation region by
ion-bear@ilréa} iation, however, if the required ion beam dose (Dose)
becomes large, there is a possibility that, for example, a region affected

by ion-bEgkingraiiating apcoans, teditivestibkesbiniesadifiedticn aeny atele
form the isolation region. Therefore, 25 when forming the isolation region
ggaﬂigsmﬁnmmamﬂﬁqdagmgﬁg@@ Ry fgiagliating an ion beam on a magnetic
recording layer to change the magnetic properties in a region of part of the
magnetic recording layer, i.e. not by a mechanical method such as formation of
a groove. The region to be irradiated with an ion beam is set using, for
example, a stencil mask or a resist mask formed by the nanoimprint technique.
According to this method, it is possible to accurately set the region to be
irradiated with an ion beam. Therefore, even if the track density is high, the
isolation region can be accurately formed as compared with, for example, the
case of forming an isolation region such as a groove.

[0122]

Even in the case of forming the isolation region by ion-beam irradiation,
however, if the required ion beam dose (Dose) becomes large, there is a
possibility that, for example, a region affected by ion-beam irradiation spreads
and thus it becomes difficult to accurately form the isolation region. Therefore,
when forming the isolation region by ion-beam irradiation, it is desirable to form
the isolation region with a smaller ion beam dose.

[0123]

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



10

15

20

25

the isolation region with a smaller ion beam dose. [0123] It is therefore an
object of this invention to provide a magnetic recording 44 medium
manufacturing method and a magnetic recording medium, which can
solve the above-mentioned problems. [0124] As described above,
conventionally, as a method of manufaéﬂlring a 5 DTR medium, there is
also known the method of locally implementing Ag ions into a thin film
having a predetermined composition (see, e.g. Patent Document 2). In

MRIHEIBaNH BeOAdVRErBAh ANy iBreagReHepieRMHiRE Sqdiymavhich can
PYion, naying, _ﬁ{gﬁ“ghgaﬁpﬁeﬁr e. However, in this case, since a
p

region where Ag ions are implemented serves as a recording region, if

the implpntatipn 10 dose is reduced, there is a possibility that variation in
magnetic properties in the recording region increases. Therefore,
accordirfystdereripethadqyer ame Disnatyra aineitwisrfenantdasiuring a

ifficult tq.reduce the ion beam dose. [Means far Solying the Problem , .
R e ARG D0 PRV e o R SR fons
PRY & TRAS IIRIPRHAYE ISR sy e e e Uy INta®ht Document
isolation region with a smaller ion beam dose. Then, they have found
Mat, fortkEsamgtieod) dhecchisr viwndsuiahgnarsg Ene ang|aokmed)setices as a
region, it can be formed with a smaller ion beam dose as compared with

BABAMBBHEGCASIRANS ROGEHY #(RMREr, thE)¥RXRS tBLISRAE 2GR region
m%&i\gorgag%%tgﬁrgﬁemfg&%%%ygﬁfggaé'?@c%ﬁ%'m@ ﬂg@&‘aﬂmﬁgﬁﬁ{bﬁantaﬁon

Isolation’region agnetic layer exhibits perpenditular magnetic

ao&0lsoRY el tehskerfaecpdagI DRt has oHoRNo thi@ isrlghernd getpeamss in the
be formed with a smaller ion beam dose by changing the state of the
IaeafdRowRai nimergasesadibiiereivrs seeoitinaerihermeibadeof Patent

E?ggmvrlr?&?%nflﬁgrggﬁgfsdezrgo[%zb@ difficult to reduce the ion beam dose.
[Means for Solving the Problem about the Second Invention]

[0125]

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

[0126]

(Configuration 13)

A magnetic recording medium manufacturing method comprising:

a recording layer forming step of forming a magnetic recording layer
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(Configuration 13) A magnetic recording medium manufacturing method
comprising: a recording layer forming step of forming a magnetic
recording layer 45 having at least one magnetic layer, and an ion-beam
irradiation step of irradiating an ion beam on regions respectively
between a plurality of recording regions;¥where magnetic signals are to
be respectively recorded, in the magnetic recording layer, thereby forming
5 soft ma(];netic regions respectively between the plurality of recording

F@dﬁ@ﬂﬁh el Hﬁ%ﬁé@@ﬂ_ﬁ%r{?ﬂfﬁfh@?ﬁagngtic layer of the magnetic
recording YRt dERI AL RIS REFRTEn O ARl

hard magnetic portions. en configured In thiS manner,
RESp BALRBLIBERYEUTS AUSI0HMAST resrsApREgisaiendiRaiRagefic signals
magnetically isolating the recording regions from each other. Therefore,
agntenie Jesngativedy radergessiiidhe mapeetic caggrdinonaxstetiereby forming
isqlation between the recordipg regions. For example, it is possiple to . .
R AR o SRR MR RN GBas RINEAUN S5 Beorirgs egions in

. . . i . o
it H At RS
tegorie imguiatedhveittnan idensasim MRRInte, fitreextra=eft maad)nedignetic
regions can be formed with a smaller ion 20 beam dose as compared
RAKORR-example, nonmagnetic regions. Therefore, with this configuration,
it beconllssf ssible to reduce the ion beam dose and, for example, to
narrow a range affected by the ion beam. This makes it possible to carry
out the iprhbaaBrifiqaliedon wirhigiesratesedy mdigiefreegryes fifiledion as,

track density is high, the isolation regions can be formed with 25 sufficient
rRiraBple, isolation regions for magnetically isolating the recording regions

from each other. Therefore, with this configuration, it is possible to properly
carry out magnetic isolation between the recording regions. For example, it is
possible to make the magnetic recording medium properly function as a DTR
medium or a patterned medium. By this, for example, since the track edge
noise is reduced, it is possible to reduce the track width (Erase width) and thus
to improve the track density.

[0128]

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

[0129]

Further, for example, when the track density becomes high and the

width of isolation regions becomes small, there is a case where magnetic
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[0129] Further, for example, when the track density becomes high and
the width of isolation regions becomes small, there is a case where
magnetic 46 isolation between recording regions becomes insufficient
with a structure in which nonmagnetic isolation regions are formed. For
example, when recording a magnetic sﬂénal in the recording region, there
is a possibility that a recording magnetic field extends exceeding the
isolation re(fions to affect the adjacent 5 recording regions. In contrast, the

SOIBHRY REMGSH ARGATFHDH FRIISPES OrBg R NS HfIES W MR L sl ES In

ic fi ik tion . ic field ghi iQn :
R AR A AR LV 61 LRGN ) ecorang
g andignesataighsl Wher casyitamguegieansiiselie Eeeesdingiip 8 recording
recording region, it is possible to block a recording magnetic field
magnelinfeiadendvaxteedinththecisolginnrerginnsrieraipahiiarmpineent

boundaries of the rei:ordin magnetic field sharp. This makes it possible to
RO FR0IA S ne TN ARETES b e L BIARAE 5L RIS SENG o5

BRE Y HeRAIBSENA GBS dIRSEGHABT il A TR SIAHERYR SOlAMRMetic

15 between the recording regions can be more appropriately carried out.
{i@l® shidétegprtibesebat girgy exdiontensiennoddgme ticageetidifiglthyer is, for
example, a recording region corresponding to a track extending in a

directioﬂ%%ich a head relatively scans a magnetic recording medium.

I the magnetie 20 Lecarding 1S A BIATDS HBRRSAR LSRR gnetic

with a constant gap between adjacent tra amp

b iig imagoRtie ceeditinegioeditig [soaditignetitotrla replthty @agnetic
tracks are disposed in concentric circles surrounding the center of the

fiede etrnalislg j0neey e Thiside: oh Hip edieqistingheegiing ereryemaking the
'sgd%%r#ié%gé?rﬂ?earrgc@rrdrpﬁgd rirpagnetic field sharp. This makes it possible to
properly prevent the influence of the recording magnetic field from being
exerted on the adjacent recording regions. Therefore, magnetic isolation
between the recording regions can be more appropriately carried out.

[0131]

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

[0132]

The soft magnetic regions serving as the isolation regions are formed in
non-recording regions where a magnetic signal is not recorded in the magnetic

recording layer. For example, the soft magnetic regions are each formed in a

guard band region being a gap region between the adjacent tracks. In this
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non-recording regions where a magnetic signal is not recorded in the
magnetic recording layer. For example, the soft magnetic regions are
each formed in a guard band region being a gap region between the
adjacent tracks. In this 47 case, the magnetic recording medium
becomes, for example, a DTR medium*The recording regions of the
magnetic recording layer may be regions corresponding to magnetic
recording bits on the tracks. In this case, for example, soft magnetic

FagRNS 2B TGrFREATHNEJIRR WAPRGRAIES 50 SHATBRIth& IE B Mpdium.

I G R I R B e R M RERTHE o
oI BpTieRNg e RTbREIEB S dsuramaBitgrromrRiic Jerterian theseisalor

known a method of forming a magnetic 10 recording layer in grooves

el ysphteAIngtis setiansyateie Ry & (el indpaipareh upericthe
netic recording layer (S, Takahgshi, K. Yamakawa, K. Ouchi,and S. .

RRLBE Y hione D B0 00y LD i ) GG B medium

Berisnie 8 ReselRiinnBak IBsIrRSSFhisfGmPplicated to cause an increase

in cost. Further, since patterning of the soft magnetic layer is required, 15
there is @ p83%ibility that it becomes difficult to implement processing with
sufficient accuracy for high recording density. This is because since the

soft ma@ﬁ@f{@ﬁﬁ%ﬁ@’n@ﬁﬁaﬂ% iekfam'ﬁgcgy_@m#@ﬂdc%e%érom a soft
R{%Sﬁéﬁ(%‘?ﬁ%k‘é}i&'%&%%f%‘fé@ Kh r&‘%eﬁﬁ%f@ﬂ%ﬁ%ﬁg%}?m@ fadhe
SO e lifie

magnetic reglions can ormed Yy an extremely sim rocess.

RN 14Geniiogretiosslitrie wepediaeniayes sminagiendoays tsUL
magnetic recording layer over a substrate, and the ion-beam irradiation

ey Fdeeriaskusstenibgrieagne rechiding layeptaxighkahasly, K. Yamakawa,
RAGERFAIN & ARaLaRIPDNRI S8 PRG0S) 285 Mo Navas LEording to this
method, there is a possibility that the process is complicated to cause an
increase in cost.  Further, since patterning of the soft magnetic layer is required,
there is a possibility that it becomes difficult to implement processing with
sufficient accuracy for high recording density. This is because since the soft
magnetic layer is normally as thick as 10 to 100nm, it cannot be processed with
high accuracy. In contrast, according to Structure 13, the soft magnetic
regions can be formed by an extremely simplified process.

[0134]

(Configuration 14)

The recording layer forming step forms the magnetic recording layer

over a substrate, and

the ion-beam irradiation step forms the soft magnetic regions having an
axis of easy magnetization in an in-plane direction parallel to a main surface of
the substrate. With this configuration, it is possible to more appropriately block a
recording magnetic field extending toward the adjacent recording regions.

[0135]
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the substrate. With this configuration, it is possible to more appropriately
block a recording magnetic field extending toward the adjacent recording
regions. [0135] 48 (Configuration 15) The recording layer forming step
forms the magnetic recording layer having the magnetic layer that
exhibits perpendicular magnetic anisotr‘lﬁ)y due to interface magnetic
anisotropy, and 5 the ion-beam irradiation step forms the soft magnetic
regions by changing an interface state of the magnetic layer by irradiation
of the iomqu@@pﬁbendicular magnetic anisotropy is, for example, a

e R U B RIS MR e
rhaingetie intagasaestaye ftheoxmons i peiorasarswitnatisaalRitiopy due

beam dose as compared with, for example, the case of changing the
ndriesfape magnetie ayeeisopy.tRE@ntire thickness thereof. Therefore,

o beall 18 B T AR AR TR Lo+ AT PR ing
SN 2 R IRIRS0S YeHBCor ORI YAYS LR THABRaMSIAYGhE R beam.

exhibits perpendicular magnetic anisotropy due 20 to interface magnetic

Aahspeqpyn dicd [ Hremagrietana misatiajyn stépr enangels tlrenegioesc anisotropy
irradiated with the ion beam in the magnetic layer to regions that exhibit

KLWEShHAR Mgt ie AR iRaghadHRifd RETFaliaNPRiRpAMEUIar to a

[ jsqt ] 25 When formed in this manner, the regions
b
[0136]

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

[0137]

(Configuration 16)

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

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

[0138]

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

be properly formed. Exhibiting substantially no perpendicular magnetic
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perpendicular magnetic anisotropy in the magnetic layer function as the
isolation regions. Therefore, with this configuration, the isolation regions
can be properly formed. Exhibiting substantially no perpendicular
magnetic 49 anisotropy due to interface magnetic anisotropy represents,
for example, that the perpendicular mefg%etic anisotropy exhibited by the
region with respect to a magnetic signal to be recorded in the magnetic
recording Ile%%r has a magnitude that causes no problems. 5 [0139]

FOSAMRR LIS 19)RRE 3FE RSO iFcr P HEORARRIGS P8t rifh G X&)RPIR, 4hat
Il film, IQN- irradiat f - '
B Y R OB A e ol e S M P o
magnetidayighding e teadiabenotibeanagmemmeldibityIsmiigasatiamgnitude
the isolation regions can be properly formed with a smaller ion beam
hadecqosasneesaipmsion 18) 15 The magnetic recording layer
compris ain recording layer for recording a magnetic signal and an
auxiliar)ﬁ?agémetic layer magnetically coupled to the main recording layer,
and the é%-miﬁ@giﬁ;pn step irradiates the ion beam on the auxiliary
magnetic layer, thereby forming the soft magnetic regions substantially

only in Z0¢haagndiaryayegoietie layayoeticofaberdiagn | ageoridiagaydagadfiim,
the auxiliary magnetic layer. [0141] There is a case where the magnetic
rding layer has a plurality of magnetic layers having different

oo S ORI S A A BEHRRS GORRY i
an alloy of metals contained in respective layers of the multilayer film by
irradiation of the ion beam. With this configuration, the isolation regions can be
properly formed with a smaller ion beam dose.

[0140]

(Configuration 18)

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

the ion-beam irradiation step irradiates the ion beam on the auxiliary
magnetic layer, thereby forming the soft magnetic regions substantially only in
the auxiliary magnetic layer out of the main recording layer and the auxiliary
magnetic layer.

[0141]

There is a case where the magnetic recording layer has a plurality of
magnetic layers having different compositions. For example, in a CGC
medium, a magnetic recording layer comprises a granular layer serving as a
main recording layer and a continuous film layer serving as an auxiliary
magnetic layer. With respect to such a magnetic recording layer, if, for

example, an attempt is made to form soft magnetic regions in both the main
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main recording layer and a continuous film layer serving as an auxiliary
magnetic layer. With respect to such a magnetic recording layer, if, for
example, an attempt is made to form soft magnetic regions in both the
main 50 recording layer and the auxiliary magnetic layer, there is a
possibility that the required ion beam e increases. [0142] Taking this
into account, the inventors of this application have found that 5 recording
regions can be magnetically isolated from each other by formingﬁ_soft

Fﬁ‘é@ﬁﬁﬂ@ I3yRtiBA é@%ﬁ@@l‘ﬁwmgr}ﬁmllﬁyﬁhﬁtﬁ@tﬁ ffpesw Higythat the
F%Eiﬂf,%% tfgﬁ E%Erﬁlggggtfﬁ({)l%qjggg also in the main recording layer. With
thi I

configuration, since It becomes unnecessary to form the isolation
regions faver2the entire thickness of the magnetic recording layer, the
isolation regions can be 10 properly formed with a smaller ion beam dose.

This makakingphesiisitotadeenintHEesisiueinio re gbliisaprhagiondsavedepnd that
0143]. The auxiliary magnetic layer is,.for ex le, a magnetic layer .
RS A R TR SR e g el LR edoh RETas Ryaing soft

. : e sianal o e o
R v forming
tee @ofing éayestior reginagradtio laybe mging ecenditigl apercig itbr teishan
the main recording layer. In the main recording layer, the recordin

?Q@Méﬁ@’&éiﬁé@ Bﬁ%?@%%@?%%‘gﬁéﬂ@ iFﬁT_UéHb% iﬁé&%ﬁ_(%blﬁ%eiﬁ’lﬁ@Vef
K !ﬁﬁ%@ﬁ%ﬂﬁg&%agfetrhér ﬂgt@rwaﬁggéﬁp 'Mgri@tﬂgﬂgrm%gions can be

auxiliary magnetic layer may be a region w € magnetic prop€erties
pfdpergntyaisaanitic: 'eeibndlayeamt dogbposTiisn merawinpestisle to form
main recording layer and the auxiliary magnetic layer exhibit the soft
haderialprgpeiaas. Wwidirhisgehaceiif agignetic regions substantially only

in the a Hi magnetic layer also includes, for example, the case where

the 25 8 gnetic regions are also formed in part of the main recording

layer in fhe auxiliary magnetic layer is, for example, a magnetic layer being
auxiliary in the magnetic recording layer and is not necessarily a layer for
recording a magnetic signal. The auxiliary magnetic layer is, for example, a
magnetic layer having a smaller thickness than the main recording layer or a
magnetic layer having a smaller coercive force than the main recording layer.
In the main recording layer, the recording regions are defined by, for example,
magnetic influence received from the auxiliary magnetic layer. The soft
magnetic region formed in the auxiliary magnetic layer may be a region where
the magnetic properties of the entire magnetic recording layer, at that position,
combining the main recording layer and the auxiliary magnetic layer exhibit the
soft magnetic properties. Forming the soft magnetic regions substantially only
in the auxiliary magnetic layer also includes, for example, the case where the
soft magnetic regions are also formed in part of the main recording layer in a
range not affecting the accuracy of and the number of processes for formation
of the soft magnetic regions.

[0144]
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range not affecting the accuracy of and the number of processes for
formation of the soft magnetic regions. [0144] 51 The auxiliary magnetic
layer is preferably a magnetic layer in which the width of the grain
boundaries of magnetic grains contained in the regions irradiated with no
ion beam is smaller than that of the gra’T_’H boundaries of magnetic grains
in the main recording layer. It is preferable that the magnetic 5 grains
contained in the regions irradiated with no ion beam in the auxiliary.

magnetié 1gyerBliek RaAelicdasRidsPEERbicR MRavaclisuigiiey iblwaich the
N fﬂé‘gﬁﬁﬁwt q e%g%ﬂé@%mﬁggﬁgﬁ@é?%ﬁ& Sgﬁ%‘&ﬁfﬁq’@&ié%er

In a direction’’ para € main surface e substrate. his

erdigtsationh fos fXaBEen i SPRITPIALN HEreYend g ihier sl stibly ¢ff
signals recorded in the 10 main recording layer. The grain boundary of .
magnetie grains is theelainvigrelingriayeinpléjsimsaierablarijenibataagnetic

boundary between magnetic grains,is, disturbed, and is, for,example, a
R SRR TR RS0 PIa RS B R AT ag Ay

) ; P it ; T
aﬂmﬁh%%riﬁ Zeggﬁggées of:‘ﬁe maﬁfﬁ%ﬁ@%g’ i@%&?g@’ irﬁej?r?g greater
tegiotiatredvade With magoe ticegraimstbethexitiany reegrotig |Eyesriberdirection
smaller than that of the grain boundaries of the magnetic grains in the

AR AL LR MR BYES WISt eIUBES YOS BRI p 1Y R g LOMNEAIRN, Tor

O B A LR EES m the
manegnsiidipgredies Metwgedinhsoseliappanetisgesinrganstieotegion where,

region in the auxiliary magnetic layer may be, for example, the difference

iarreagmale RipeitiesrangrMeiratradmaidanybetwesanpaeniie grains is

SR A B e A s A B g e
BEFMRIEH M magnetic grains whose axes of easy magnetization agree with
each other. The width of the grain boundaries of the magnetic grains
contained in the regions irradiated with no ion beam in the auxiliary magnetic
layer being smaller than that of the grain boundaries of the magnetic grains in
the main recording layer also includes, for example, the case where the
auxiliary magnetic layer is a layer with an amorphous structure or the like with
substantially no grain boundaries present.

[0145]

The difference in magnetic properties between the soft magnetic region
and the other region in the auxiliary magnetic layer may be, for example, the
difference in magnetic properties of the entire magnetic layer, at that position,
combining the main recording layer and the auxiliary magnetic layer. The
magnetic recording medium having the magnetic recording layer comprising the
main recording layer and the auxiliary magnetic layer is not limited to the CGC
medium and may alternatively be, for example, an exchange spring (Exchange

Spring) medium, an exchange coupled composite (ECC: Exchange Coupled
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main recording layer and the auxiliary magnetic layer is not limited to the
CGC medium and may alternatively be, for example, an exchange spring
(Exchange Spring) medium, an exchange coupled composite (ECC:
Exchange Coupled 52 Composite) medium, or the like having a soft
magnetic layer as an auxiliary magnetézlayer. [0146] (Configuration 19)
5 The main recording layer is a layer with a granular structure in which a
nonmagnetic substance is segregated at grain boundaries of magnetic,

GRIFROSHRY MROMRHiIAR MRS tR iR RSt MASRGET AXPIARRBRIAY LAY
wléi W und and Pd layers or Pt layers are alternately laminated.
L?] hen configured in this manner, the magnetic recording
mediumgaeg)mes, for example, a CGC medium. In this case, magnetic
isolation between the recording regions can be properly carried out by

forming theRigunaEemd® regions in the auxiliary magnetic layer.

e R L L T

HOHRIGNBES iRt e Rtk e JRSyAREVE %m'%%ﬂmacﬁqﬁ% netlc grains,

substance is, for example, an oxide. This “oxide is preferably a metal
ardale. [0148] 20 (Configuration 20) A method of manufacturing a
magnetic recording medium for a perpendicular magnetic recording

cystem, HRAHENRIY EERGIRIIALEFIE GHATAIYEH 1OTHIRGUNSH GBI AlG Co
| | |
AR ARGESTg s VAR AAOBRLE B AR

ular magn tIC anisotr ce magnetic

anlsotropm 4ax]d

When configured in this manner, the magnetic recording medium
becomes, for example, a CGC medium. In this case, magnetic isolation
between the recording regions can be properly carried out by forming the soft
magnetic regions in the auxiliary magnetic layer. Therefore, it becomes
possible to make the magnetic recording medium properly function as a DTR
medium or a patterned medium and to improve the track density. The
above-mentioned nonmagnetic substance is, for example, an oxide. This
oxide is preferably a metal oxide.

[0148]

(Configuration 20)

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

a recording layer forming step of forming a magnetic recording layer
having a magnetic layer that exhibits perpendicular magnetic anisotropy due to
interface magnetic anisotropy, and

an ion-beam irradiation step of irradiating an ion beam on regions
respectively between a plurality of recording regions, where magnetic signals

are to be respectively recorded, in the magnetic recording layer to change an
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an ion-beam irradiation step of irradiating an ion beam on regions
respectively between a plurality of recording regions, where magnetic
signals are to be respectively recorded, in the magnetic recording layer to
change an 53 interface state of the regigns, thereby changing the regions
irradiated with the ion beam in the ma%r:?etic layer to regions that exhibit
substantially no perpendicular magnetic anisotropy due to interface
magnetic anisotropy. [0149] 5 When formed in this manner, the regions

?ﬁ@(%kﬁ@%& i&ﬁgiﬁﬁsp%m&h%ﬁﬂﬁ%@ﬁé %i%%?rﬁ@qiﬁft‘f@ with the
f@ﬁ‘%’é%tﬂﬁ lﬁ%'ﬁ:m’aﬁ‘rﬁ)&éﬁé &r {8048§%?1[§et%'8{‘éx@Bﬁ@ﬂ%@ga\gﬂﬁﬁﬁ| o
el n rly . Cha

configuration, [ation régions ¢ e properly forme ging the

pROpUIRditialkieirdgMisiichmicstReaNie regitesdbatexiitisulstutady.
no perpendicular magnetic anisotropy due to 10 interface magnetic
anisotrol®/ 8h be performed by, for example, changing the interface

state of the magnetic layer. The change in interface state of the, magnetic
pape 8tk i e S
6XASBRGCHISGASR RGO ARABERY FafethHn BIRIBGHE IaMefiaelsthite
entire thickness thereof. Therefore, with this configuration, the isolation
Isgatiohoagibhde fohaedonghvatbniaberoofidheatiododee ifRla0§T hegions can
ion-beam irradiation process forms, for example, soft magnetic regions in

bfenianBHY IRuBRfed (RAMENGINBIRRARTHEAiRIRE MR BE iARddeam to
eSSBS e o
Rlgnaydmdfranegias o jinaiar te perftawed @ys b8 éxddplelehhnging the
(Configuration 21) A magnetic recording medium for a perpendicular
inteiirarc siedeefiige 7eagredmlayshpribiigyehange in interface state of the
magnetic layer occurs with a smaller ion beam dose as compared with, for
example, the case of changing the state of the magnetic layer over the entire
thickness thereof. Therefore, with this configuration, the isolation regions can
be formed with a smaller ion beam dose.

[0150]

The ion-beam irradiation process forms, for example, soft magnetic
regions in the regions irradiated with the ion beam in the magnetic layer. The
ion-beam irradiation process may form nonmagnetic regions instead of the soft
magnetic regions. With respect to the other points, Configuration 20 may be
the same as or similar to Configurations 13 to 19.

[0151]

(Configuration 21)

A magnetic recording medium for a perpendicular magnetic recording
system, comprising:

a magnetic recording layer having a magnetic layer that exhibits
perpendicular magnetic anisotropy due to interface magnetic anisotropy,

wherein the magnetic layer comprises;
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a magnetic recording layer having a magnetic layer that exhibits
perpendicular magnetic anisotropy due to interface magnetic anisotropy,
wherein the magnetic layer comprises; 54 a plurality of hard magnetic
portions respectively formed at positions corresponding to recording
regions, where magnetic signals are 0% recorded, in the magnetic
recording layer and adapted to exhibit perpendicular magnetic anisotropy
due to interface magnetic anisotropy, and 5 isolation regions formed

betweertRB IR AL R HIRRENR] IrRe HeRforRsPRESEE (RIS at positions

tically i . li . .
R Al YR e S et R SR &% Bl reporae.
inenraftbig e Hscoediitg fagad At pigshie @10l Parseiliedar magnetic
perpendicular magnetic anisotropy due to interface magnetic anisotropy.
FuigPt1opth dusolstitiestans mRropesisiisrisolsemiraan effect similar to that

of Configuration 20. [0152] Anaqther aspect of this second inventionjisa .
mode wRRT A SV AP ABHER OB R AL APl RESRhdc portions,
FRSILESRIYING IAUBR IRy Rckand MAiRAMIAL PHARIIE BN HoRions from
nonmagnetic substance is Segregated at the grain boundaries of

ezinetite g riiadsaladi tineregixiiaraviagnaticritgréace atatexgiftdreailyfrom that of
couEIin layer magnetically coupled to the main recording layer. In this

e Bafd M0 gRAIPA TRAGIRE RECHIGRAJORETR! Sidvairiiqby RO

' g inuou r ingl ' -
B e e s S o e MO SRSty win
thigheonfaginatio e aasdbis sityler taodieh) the efegnelinaty othing Byeriguration
has hard magnetic portions and soft magnetic portions with magnetism
dldaker than that of the hard magnetic portions. Further, the magnetic

recordi ﬂ r and the magnetically coupling layer are in contact with
each other. In such another aspect of this second invention, the

contents\iRoEeRispect of this second invention is a mode wherein, in the

above-mentioned Structure 18 and the like, the main recording layer is a layer
with a granular structure in which a nonmagnetic substance is segregated at the
grain boundaries of magnetic grains, and the auxiliary magnetic layer is a
magnetically coupling layer magnetically coupled to the main recording layer.

In this aspect, (1) a granular magnetic recording layer is provided, (2) a
magnetically coupling layer (not continuous layers but a single layer) is provided,
(3) the magnetically coupling layer is magnetically coupled to the magnetic
recording layer, and (4) the magnetically coupling layer has hard magnetic
portions and soft magnetic portions with magnetism weaker than that of the
hard magnetic portions. Further, the magnetic recording layer and the
magnetically coupling layer are in contact with each other.

In such another aspect of this second invention, the contents in which
"an auxiliary magnetic layer" is replaced by "a magnetically coupling layer" in
the above-mentioned Configuration 18 and the like and the description thereof

are applied. Further, in such another aspect of this second invention, the
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"an auxiliary magnetic layer" is replaced by "a magnetically coupling layer"
in the above-mentioned Configuration 18 and the like and the description
thereof are applied. Further, in such another aspect of this second
invention, the 55 contents in which "a magnetic layer”, "a recording layer",
or "a magnetic recording layer" is replé&ed by "a layer in which a
magnetic recording layer with a granular structure and a magnetically
coupling layer magnetically coupled to _magnetic grains in the magnetic

POELRAISYMaYBICA ePsPABRBRTIR tRKSErd & Mo A RIABYOE rRENAJRBENEIC

L B B e R TR Pl gy it
foljenvinmraanfiguratiend 10niGendauiRlion 3Rlry genelsgliskidalyishiied to

magnetic recording layer with a granular structure in which honmagnetic

gragn ebe gsansiortithmagnfienes trsting day enage slisdiesnis this order” in the
continuously grown in a colymnar,sha a magnetically cqupling..

R BEALAER, OGN Cheana A e T g eigtion
fieerigingdayspirg. stacked in this order over a nonmagnetic disk-shaped
substrate, the magnetic disk wherein: at least the magnetically coupling

layer ouf0df3BE magnetically coupling layer and the magnetic recording
layer comprises hard magnetic portions and. soft magnetic portions .
alternately ApReNEASRSE LR dhis serad ipreRtien bclpgexige following
88&;ﬁ§3?$ti i_th this configuration, it is possible to obtain an effect similar

that of the above-mentioned Configuration 13 or the like. For example,
when cq@ignfigdritiris2manner, the soft magnetic regions function as, for
example, isolation regions for magnetically isolating recording 25 regions
from eaéhroagaetihdisdrenivich @ik aonayaraasiding lpyesiniénte granular

structure in which nonmagnetic grain boundary portions are formed between
magnetic grains continuously grown in a columnar shape and a magnetically
coupling layer magnetically coupled to the magnetic grains in the magnetic
recording layer are stacked in this order over a nonmagnetic disk-shaped
substrate, the magnetic disk wherein:

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

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

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

for example, a DTR medium or a patterned medium. By this, for example,
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properly carry out magnetic isolation between the recording regions. This
makes it possible to make the magnetic recording medium properly
function as, for example, a DTR medium or a patterned medium. By this,
for example, 56 since the track edge noise is reduced, it is possible to
reduce the track width (Erase width) and thus to improve the track
density. Further, the soft magnetic regions can be formed with a smaller
ion beam dose as compared with, for example, nonmagnetic regions.

YRefRctoRr s RAGRIBRSRAgURAINE D Bde ARRIES 6@%%@1‘1’@5%5 YoRth
e Eﬁ@%é%ﬁ%ﬁ@ﬁ}ﬁjr&giﬂé)w&ka@gﬁsﬁ ected by the ion beam.
IS makes C t

possible to carry out the ion-beam ifradiation with higher

accuracyyftheretaeesotvaainbadREICHRNGHN Ischighmteviaialiomegiaionn
can be formed with sufficient accuracy. 10 [0154] In such another aspect

e il 3ReDAS PRBRAGE thEmigrexrABle coapmadagte iksaians. filhhatgfore,
exhibits perpendicular netic anisotropy, on the magnetic,recordin
R R RLHER e L SRoree i SHIG B o S Rhech e and)
1BRERsHfIecR dine v e Anddhariaenssicaly kerBlagmL5 e makes it
magnetically coupled to magnetic grains in the magnetic recording layer,
fusgibtpeadiatripootagerato-teeandingdisBo andtthbighey restcatye youphegefore,
layer are magnetically coupled to each other. [0155] Such another

g¥pRdt tradiadeesngiiehton fliensplAERRERARES AR RGWRTGIed With

ggﬁ{&%ﬁ{:\g%?ré%pnﬁguration 23) The magnetic disk , wherein the hard
magnetic portions in the magnetically coupling layer are formed at

positionfoa@4gsponding to recording regions, where magnetic signals are
to be recorded, of the magnetic recording 25 layer and the soft magnetic
portionslareuRtraeatherefpasiahétishseceid invention, the magnetically

coupling layer is a thin film, that exhibits perpendicular magnetic anisotropy, on
the magnetic recording layer with the granular structure. By exchange
interaction between the magnetic recording layer and the magnetically coupling
layer magnetically coupled to magnetic grains in the magnetic recording layer,
the perpendicular magnetic recording layer and the magnetically coupling layer
are magnetically coupled to each other.

[0155]

Such another aspect of this second invention further includes the
following configurations.

(Configuration 23)

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

(Configuration 24)

The magnetic disk, wherein the soft magnetic portions and the hard
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positions. (Configuration 24) The magnetic disk, wherein the soft magnetic
portions and the hard 57 magnetic portions are formed in concentric
circles with respect to a center of the disk-shaped substrate.
(Configuration 25) The magnetic disk, wherein the magnetic recording
layer and the 5 magnetically coupling fayer are in contact with each other.
(Configuration 26) The magnetic disk, wherein the magnetically coupling
layer contains at least CoCrPt. [Effect of the Invention about the Second

TRIERAYAP L0 REsRENOBIBth B 6ARRE HUEIEHE SOV KR ARTRECTIREH Center of the
&ﬁ%ﬂggﬂgé{ggigﬂ%stgét@agneticalIy isolating recording regions from each
t orme )

other ar y Ion-beam irradiation, the ion beam dose (Dose) can

be redugednfigithalothes)makes it possible to accurately form the

isolation regions. 15 [Best Mode for Carrying Out the invention about the
Second Theermagngie sdiste nwoeigienty Heagingktovecordntbdayaenand the

accordin go this slecond invention will be described with reference to the

AERTRYEA0 FABE RO AL AP 11 PRRLAR T SOOI e the same as

Figs. 1, &gmf@ﬁgazigp,t@g)first invention except that "magnetic shield

portions 202" are changed to "isolation regions 202", and therefore, a

descriptidrewnbiga giiicedisWjtivinefeiante ton BgreticallyScaupliigndiperficsintains at

invention. Further, data obtained in Figs. 3 and 4 in the second invention
QRE as those in Figs. 25 3 and 4 in the first invention and

tT@f%fg{ %ﬁﬁj@?ﬁ\rfi@ﬁiﬁ&v‘%g&t %\éeggggﬁd Invention]

[0156]

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

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

[0157]

(Embodiment 1)

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

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

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

according to the embodiment of this invention. Fig. 1 (a) shows one example
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reference to Figs. 3 and 4 in the first invention. Fig. 1 shows one example
of a magnetic recording medium 10 according to the embodiment of this
invention. Fig. 1 (a) shows one example 58 of the structure of the
magnetic recording medium 10. The magnetic recording medium 10 is a
perpendicular two-layer medium type ggnetic disk adapted to be
mounted in a perpendicular magnetic recording type HDD (hard disk
drive). [0158] 5 In this example, the magnetic recording_medium 10

@BFHEr%@éCBJr%fst%@‘f@,%i%m%‘%yﬁdﬂ%gbﬂ mBgrBeagnalisrregording
R0 e AU B U st o

perpRNMRdan MEpba dRRNiNthiRyStic I8 ARG I9p & DD YlRdra R rive).

a coupling control layer 22, and a continuous 10 film layer 24. [0159] The
substrat® 198§, for example, a glass for a base. As this base glass, there

can be cited, for example, an alumiposilicate. glass, an .
claminoBUIDSITAR s 0 R act o TESIRG! ARGRETRRSRS the
doatn9siisAtg RSN IS IRIRIPTEDIS SR AMGIIIRUBARSEEOLA underlayer 18,
crystallized glass can be used. For example, when the soft magnetic
faperdénbdasir magretiovscetrdictg ey isSrefqradibrctivat theebase ataka

be the amarphous glass. Use of a chemically strengthened glass is

Inieaiine lsves AR thiisigussis iR PRAINENEEIHS RRSRRICHRIHARG [ayer

S R e YL 2 A e BT D a2 ftimuous
fitangdgped 241S). By providing such a smooth surface, for example, a gap

between the perpendicular magnetic recording layer 30 and the 25 soft
magneti®E8&r 16 can be set constant so that it is possible to form a

The substrate 12 is, for example, a glass for a base. As this base
glass, there can be cited, for example, an aluminosilicate glass, an
aluminoborosilicate glass, a soda-lime glass, or the like. Among them, the
aluminosilicate glass is preferable. An amorphous glass or a crystallized glass
can be used. For example, when the soft magnetic layer 16 has an
amorphous structure, it is preferable that the base glass be the amorphous
glass. Use of a chemically strengthened glass is preferable because the
rigidity is high.

[0160]

The surface roughness of a main surface of the substrate 12 is
preferably 3nm or less in Rmax and 0.3nm or less in Ra. Rmax and Ra follow
Japanese Industrial Standard (JIS). By providing such a smooth surface, for
example, a gap between the perpendicular magnetic recording layer 30 and the
soft magnetic layer 16 can be set constant so that it is possible to form a
suitable magnetic circuit across a head (magnetic head), the perpendicular
magnetic recording layer 30, and the soft magnetic layer 16. The substrate 12

may be a substrate having an isotropic surface with no texture.
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suitable magnetic circuit across a head (magnetic head), the
perpendicular magnetic recording layer 30, and the soft magnetic layer
16. The substrate 12 may be a substrate having an isotropic surface with
no texture. 59 [0161] For example, when magnetic field annealing is
necessary for controlling magnetic domdins of the soft magnetic layer 16,
it is particularly preferable to use the substrate 12 being a glass base.
Since the glass base is excellent in 5 heat resistance, the heating
tempere[@%@ﬂf the substrate 12 can be set high. [0162] The adhesive

| i ol dhosi - . | ; |
tho sub RS R e (L ARG SRS ERISC R P EBtoling
ArRpRiYe Ryeakt dfitheossibrdgrivsyenfstreningsparearityGreferable to

magnetic layer 16. As a material of the adhesive layer 14, use can be

Heedd o fsUfesteatani @ et x glaambrpMatdriaca e ahessrpraetisaxesdlent in
he thickness of the adhesive layer 14 is preferably set to 1, to 50nm. In , .
Bl ARt B RA08 T AR L3 LI US| 2 Bfhset high.
thickneﬁﬁp@ﬁ]}e adhesive layer 14 is, for example, about 1 Onm. 15

[0163] The soft magnetic layer 16 is a layer for forming a magnetic circuit
between tres duiteas ved dlye ot peradiayéar (adiggwto tagerpiog ilapeodagThe
soft magnetic layer 16 is not particularly limited as long as it is made of a

ArgRRRe ReTbGER dBaRRsfbd 2 ARrhiisnsek progaiiesany, 16 BY
BB O S P R S S R e

preferaity das asits magnaticefMppeEtheansnbEREORyeRJACIGEH badaRsitYade of,

Bs of 500emu/cc to 1920emu/cc. [0164] As a material of the soft .
fangremplayér fisantawisanpaterial, fbn legehpracinataisadée thickness

I RS0y IS RRSI YR 16 5 In this example, the
adhesive layer 14 is an amorphous CrTi layer. The thickness of the adhesive
layer 14 is, for example, about 10nm.

[0163]

The soft magnetic layer 16 is a layer for forming a magnetic circuit
between the head and the perpendicular magnetic recording layer 30. The soft
magnetic layer 16 is not particularly limited as long as it is made of a magnetic
substance that exhibits soft magnetic properties and, for example, preferably
has as its magnetic property a coercive force Hc of 0.01 to 80 oersteds and
more preferably 0.01 to 50 oersteds. Further, it preferably has as its magnetic
property a saturation magnetic flux density Bs of 500emu/cc to 1920emu/cc.

[0164]

As a material of the soft magnetic layer 16, there can be cited, for
example, an Fe-based material, a Co-based material, or the like. For example,
use can be made of an Fe-based soft magnetic material such as FeTaC-based

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

alloy, a Co-based soft magnetic material such as CoTaZr-based alloy or
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use can be made of an Fe-based soft magnetic material such as
FeTaC-based alloy, FeTaN-based alloy, FeNi-based alloy, FeCoB-based
alloy, or FeCo-based alloy, a Co-based soft magnetic material such as
CoTaZr-based alloy or 60 CoNbZr-based alloy, an FeCo-based alloy soft
magnetic material, or the like. [0165] T8 thickness of the soft magnetic
layer 16 is, for example, 10 to 200nm and preferably 20 to 100nm. When
the thickness is less than 10nm, 5 there is a case where it becomes

Gientbfrodsed alQiand alagiancdirlay R seanediicamatesial, or the like.

perpen(ﬁw% magnetic recording layer 30, and the soft magnetic layer
16, while, w én the thickness exceeds 200nm, there is a case where the

surface ToLOIMEIRSIES SaBRSs bt R nBMe A ee IHGKNRISRUPASIES 10 to
200nm, there is a case where the magnetic domain control becomes

difieon and poeEERbl¥réthioatgengndtitetdiriticlerrbtoi®efsried ih0nm,
e saft magnetic layer 16. When |arge magnetic domajns move, there is .
R ror fnse® duPRSAere S lbla, B 2o Ha e e
REFERIHY PR d RHE diehselimaanghe RaeERdMERyer 30, and the soft
antiferromagnetically coupled (AFC: Anti-Ferro 15 Magnetically Coupled)
toagpatiothge rVWahwihites avtfigi ot ckisgss ssxiciecids @M emt tiuése is a case
generation by making the magnetic domains difficult to move. [0167] In

IS SR ARESONARAGREIDRGRF 9B cfﬁ#ﬁﬂ%g@ﬁﬂﬁ&ﬁ%@@%%%ﬁ?‘ceeds
25 ﬁw%‘iﬁéﬁ%‘@&?&' Wf‘n‘% @'ﬁ%‘ ‘?ﬁaﬁn%%%%%ﬁﬁ%’r‘n‘ﬁﬁl %&Hﬁé@ "afficult.

Interpose etween. u layer is, for example, a layer with an
hcp cryq ggucture. The thickness of the Ru layer is, for example, about
0.9nm. Each CoTaZr layer is a layer with an amorphous structure. The

thickneS3&iEiBatf omamneije ARNRinetanthle, e ferPedimthp selimegnetic
B e YR iR 8 RS Ao S YRS L LRSS of noise
generation. Therefore, the soft magnetic layer 16 preferably has a plurality of
soft magnetic material layers antiferromagnetically coupled (AFC: Anti-Ferro
Magnetically Coupled) to each other. With this configuration, it is possible to
prevent noise generation by making the magnetic domains difficult to move.

[0167]

In this example, the soft magnetic layer 16 comprises a plurality of
CoTaZr layers antiferromagnetically coupled to each other through a Ru layer
interposed therebetween. The Ru layer is, for example, a layer with an hcp
crystal structure. The thickness of the Ru layer is, for example, about 0.9nm.
Each CoTaZr layer is a layer with an amorphous structure. The thickness of
each CoTaZr layer is, for example, 20 to 27.5nm.

[0168]

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

comprises a first orientation control layer, a second orientation control layer, an
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perpendicular magnetic recording layer 30. The underlayer 18 may be a
multilayer film of a plurality of kinds of films. In this example, the
underlayer 18 comprises a first orientation control layer, a second
orientation control layer, an 61 isolation promoting layer, and a
miniaturization promoting layer in this didler over the soft magnetic layer
16. [0169] The first orientation control layer is a layer for controlling the
crystal 5 orientation of the second orientation control layer being its upper

Q&R RIRMALKE Hy Sh &Rtk SREVRMMIGFRESRIINERING [RyeE XA MR Tgler
& Qgﬁ{]%%g@ Hg\ggp with a bcc crystal structure close to
he“thickn

amorphous. ess of the first orientation control layer is, for
examplgoabgyt 3nm. The second orientation control layer is a layer for
improving the orientation of the further 10 upper layer. In this example, the
second dherfitgiciieotatsingentiobmenager layies 7 peptepliigithe crystal

structure. The thickness of the second orientation cantrol layer is, for .
B TBlB b SRR P RRE oo b BN BN Aol Y o hi
SRRRTBNN D CPIROSILABN LRI IHPEEIS MR dRAFRIROE TRARHNRTa
crystal grains. The isolation promoting layer is formed by a sputtéring

Gethdd |ayestaid alme cfgstanptautbclpas foressorghisdsghdritbdnickness
that in forming the Ru layer being the second orientation control_layer. B

iU L GHERIAHRBRBENG IR UB CERh S amBRr ARAMiBAMrysTe speond
3 ké’ﬁ'il%%ééﬁ%ﬂ%@? ' Pa&éﬁ%?%ﬁm i H?iHHﬁa%ﬂ'BP'fﬁ %%ﬁh%r

Isolation promoting layer IS a Ru Iayer with an Cp crystal structure.

tpplenesperf the isndasianme@noimngdayedisyiontexamptnitediadydOrRn Ru layer

[0171] The miniaturization promoting layer is a layer for promoting
yrithigi tesiory B sttt gieinsTdratthigipesmpé thm saroagergietadienaepntrol
I??ﬁ%g %a;%)xnaﬁ{ggpgggdﬂ%rn |r% .a layer (CoCr-Si02 layer) with a

[0170]

The isolation promoting layer is a layer for separating the composition
of its upper layer to promote isolation of crystal grains. The isolation promoting
layer is formed by a sputtering method in a state where, for example, the gas
pressure is higher than that in forming the Ru layer being the second orientation
control layer. By this, the isolation promoting layer becomes a layer in which
crystals are small and crystal grains are away from each other. In this example,
the isolation promoting layer is a Ru layer with an hcp crystal structure. The
thickness of the isolation promoting layer is, for example, about 10nm.

[0171]

The miniaturization promoting layer is a layer for promoting
miniaturization of crystal grains of its upper layer. In this example, the
miniaturization promoting layer is a layer (CoCr-SiO» layer) with a nonmagnetic
crystal grain granular structure in which SiO» is segregated at the grain
boundaries of nonmagnetic CoCr crystal grains. In the miniaturization

promoting layer, the CoCr crystal structure is, for example, an hcp crystal
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crystal grain granular structure in which SiO2 is segregated at the grain
boundaries of nonmagnetic CoCr crystal grains. In the miniaturization
promoting layer, the CoCr crystal structure is, for example, an hcp crystal
62 structure. The miniaturization promgting layer may partly contain CoCr
with a bcc crystal structure. The conte £of SiO2 in the miniaturization
promoting layer is, for example, about 12at% (e.g. 10 to 16at%). The
thickness of the miniaturization promoting layer is, for example, about

SHHEIHTRe RRIRINEIEAZR0B ARSI IRNE AT RBR EPBERnRCT with 2
A L R S et eloffopo

rR@icigated atdhfpr aibbatndares eignimatinisachsrysteheraiknard 6f the
10 one example of a main recording layer. In this example, the granular
naipdatoizatieCoOReBiIglaygsiaiarcmapiemapietidnifaind Bag@eanular layer

n netic substance magnetically isolating the magnetic grains at the
S BB R R ARl et SRR G TR A B BT L SR ar
FANRRRRDIISitToh Bfﬁ"vg:fgﬁggﬂ or less, preferably 8 to 16nm, and more
preferably 7 to ?Snm (e.g. about 15 9nm). [0173] The magnetic grains of

the grar0lar2yer 20 are crystal grains that exhibit perpendicular
magnetic anisotropy, and are adapted to reverse their magnetic moments

according " HAHRT RIS a TPty BF iR QALY Hrelwis BN
{%?&8 i Qg%ﬁé LR BHE %BHBB %ﬁ%&‘%‘? r%ﬁ}ﬁgé?gj @%ér’]&r;&fa}%éa%‘?a%@ and is

lameter € magneticTgrains Is, for example,

orefenaypictefldnmaid hecotdihgoiiisr gramthisLearipteotiibeyrangngatiayer 20
grains is 2nm or more, for example, 2 to 20nm and preferably 4 to 15nm.

iBHe GAGP LBk (RXET BOdrRfilia s MIGY NSAGrarae Gramne AcpPasaags i
e o S A A S S S5 Ll PR B2 s o
the magnetic grains. The thickness of the granular layer 20 is, for example,
20nm or less, preferably 8 to 16nm, and more preferably 7 to 15nm (e.g. about
9nm).

[0173]

The magnetic grains of the granular layer 20 are crystal grains that
exhibit perpendicular magnetic anisotropy, and are adapted to reverse their
magnetic moments according to a signal recorded in the granular layer 20. In
this example, these magnetic grains are CoCrPt with an hcp crystal structure.
The size (diameter) of the magnetic grains is, for example, 5 to 20nm and
preferably 8 to 15nm. The width of the grain boundaries of the magnetic grains
is 2nm or more, for example, 2 to 20nm and preferably 4 to 15nm. The width
of the grain boundaries of the magnetic grains represents, for example, an
average value of the widths of the grain boundaries of the magnetic grains in
the granular layer 20.

[0174]

The nonmagnetic substance contained in the granular layer 20 is a
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the granular layer 20. [0174] The nonmagnetic substance contained in

the granular layer 20 is a 63 nonmagnetic oxide segregated at the grain
boundaries of the magnetic grains. In this example, this nonmagnetic
substance is, for example, silicon oxide_(SiO2). As the nonmagnetic
substance, use may be made of, for & ple, titanium oxide (TiO2)

instead of SiO2. The content of SiO2 or the like in the 5 granular layer 20

is, for example, 10 to 16at% and preferably 12 to 14%. [0175] When, for
@SZQFHB&“?HE pyidesesr @@@%@ﬂw@‘ﬁl@%‘s@%@@%’ﬂﬁﬁ&f Fhér@%ﬁ@%ﬂ grains.

W S
®ieysjve ﬁogqaeﬂ%nﬁr@@ﬁ@hmibmage@,tlgwrﬁ@tywwdb%ﬂk@oé%@n ple,

granular layer 20 alone. Further, by this, the thermal stability of the

Hiemiuraroxige Qﬁ%%h@t@a@bﬂéﬁ@ed td e cedtrddRiWewsiha tikie in the
le, th {i fil |
R R AT S S TR e

20 isin , It is possible to 15 prevent the occurrence of these
problems. [0176] The coupling control layer 22 is a layer for controlling
the streMytreof foreayatipleo thudi g hemiaxd rSike grathe!dikaies@0tatatteor
continuous film layer 24. In this example, the coupling control layer 22 is,

TBP@(&H?p%Na[EﬁHPIS?Brbﬁ)'WRFPHﬁ%WdWy‘@H&F%EMGF&Oﬁﬂ@tﬂméﬂc
LS e S D O M B
dberciveibngecialrpblpyeidRcimaynalieistdi velg dreopyPorayer likelafth@granular
The continuous film layer 24 is a layer in which exchange coupling

layer 20 alone. Further, by this, the thermal stability of the granular layer 20
alone is considered to be reduced. However, in this example, the continuous
film layer 24 is formed over the granular layer 20. Therefore, even if the
content of SiO» or the like in the granular layer 20 is increased, it is possible to
prevent the occurrence of these problems.

[0176]

The coupling control layer 22 is a layer for controlling the strength of
magnetic coupling between the granular layer 20 and the continuous film layer
24. In this example, the coupling control layer 22 is, for example, a Pd layer
with an fcc crystal structure. The thickness of the coupling control layer 22 is,
for example, 2nm or less and is, for example, 0.5 to 1.5nm and preferably 0.7 to
1.0nm (e.g. about 0.8nm). The coupling control layer 22 may alternatively be a
Pt layer.

[0177]

The continuous film layer 24 is a layer in which exchange coupling
continuously extends in a direction parallel to the main surface of the substrate

12. The continuous film layer 24 is one example of an auxiliary magnetic layer

and contains magnetic grains that exhibit perpendicular magnetic anisotropy.
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continuously extends in a direction parallel to the main surface of the
substrate 12. The continuous film layer 24 is one example of an auxiliary
magnetic layer and contains magnetic grains that exhibit perpendicular
magnetic anisotropy. 64 These magnetic grains are magnetically
exchange-coupled to the magnetic gra@ﬁs of the granular layer 20 in a
direction perpendicular to the main surface of the substrate 12. [0178] 5
The width of the grain boundaries of these magnetic grains is smaller

Thes e mRanBEcEEANSAIRIRASS BitAbXGhaho gretvP v ie hiamagnetic
d dj | .
B S T 2 P B i e

stitfrceudfdhgtesypstrate 12, the magnetic grains of the continuous film
layer 24 are 10 exchange-coupled to each other with a coupling force
greater {Add8hat between the magnetic grains of the granular layer 20.

Therefore, with this configuration, fqr exam by pinning.(Pinning)
magnett 8o BV ConGHRBLREHRAEYS S oSt JTARG e SAebreof galer
AR ek '8y G dinSoRsRIalfe L dMR KRSt Y BRISHAIMEY RaNular layer 20
recorded signals. The thickness of the confinuous film layer 1524 is, for
ardnipleeXatra@an, rpreterisly 8no iBnfoy axd mues Préferdibipn Ata preferably
{)2179] The ratio A/B between the thickness A of the granular layer 20 and

& hibRRERs EPilte dBrhRUBIRCHAR ReEShiR G BRIMIE RS P5 Bk
Qﬁ%%‘ﬁ??éﬁzzo ﬁ’ﬁé%?%'éﬂé ?a‘HQ%‘?‘Hﬁ%ﬁ'&’&qﬂﬁw‘ﬁo‘?&sﬁlmeﬁfz’g%béﬁe

suitable perﬁen ICU etic recording characteristics

éxchange-couplewi\gnageticr AnBairepyPrRstarid Hedredhan that between
anisotropy energy) Ku of the magnetic grains of the continuous film layer

theig)dgneliagmmoeéihagiagiatdarrar @hat bierefosefwitaghigieonfiguration,
BB R N RS B AR e o
using magnetization of the granular layer 20, it is possible to improve the
thermal stability of recorded signals. The thickness of the continuous film layer
24 is, for example, 1 to 8nm, preferably 3 to 6nm, and more preferably 4 to
5nm.

[0179]

The ratio A/B between the thickness A of the granular layer 20 and the
thickness B of the continuous film layer 24 is, for example, 2 to 5 and preferably
3to 4. With this configuration, it is possible to exhibit suitable perpendicular
magnetic recording characteristics by the exchange coupling. A magnetic
anisotropy constant (maximum anisotropy energy) Ku of the magnetic grains of
the continuous film layer 24 is, for example, preferably greater than that of the
soft magnetic substance. With this configuration, it is possible to reduce the
width of domain walls formed in the continuous film layer 24. The magnetic
anisotropy constant Ku of the continuous film layer 24 may be greater than that
of the granular layer 20. A coercive force Hc of a material forming the

continuous film layer 24 may be, for example, smaller than that of the material
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anisotropy constant Ku of the continuous film layer 24 may be greater
than that of the granular layer 20. A coercive force He of a material
forming the continuous film layer 24 may be, for example, smaller than
that of the material 65 forming the magnetic grains of the granular layer
20. [0180] In this example, the continu Bis film layer 24 is one example of
a magnetic layer that exhibits perpendicular magnetic anisotropy due to
interface 5 magnetic anisotropy, and is a multilayer film in which CoCr
fayBiea hednadielis eraingghieaandriyaysindted by about three
layers (T](ﬂ.g%go or three layers) for each. The CoCr layer 106 is a layer
containing magnetic grains of CoCr. The thickness of the CoCr layer 106

is, for exanice oS, Fre b NI Sk Rlyele 8 1id BA dSeRiRiNE byf tin

as described above, the magnetic 10 grains of CoCr are not required to
magnatsheyarshatexbibitaPepentigelar Daanefic anispir epyckagriplénterface
crystal grains of CoCr with an hpc .crystal structure, The, layer is
RGBS ToRYe U TR LA Gh LA S RS Whqrpa P
RYry Gfbé%@af@rﬁé%?}ﬂ@mﬁ?ﬁ%%?%oWﬁﬁ@é%’%@gr dni®sor three
manner, interface magnétic anisotropy is generated at 15 the interface
layevspfothenCloCr TageCo QB EyatHO € dslayayé08o Bisiackinggtietitageams of
106 and 108, for example, by three layers for each, it is possible to _obtain

FeCssatPpdhisinaeaiat thadrRAe ‘BRI TRIEHRIRES: BBRUifdRnm.

G iR 1D MR A R Bp e B AT Sl aqnetic
geiliBugBIONday el fotalydtbieh Ereexampliel atRidayer inFtead st theyer

Pd layer 108. Further, the continuous film layer 24 may have a CoB layer

Mﬁapﬁmmmnwg, ¢n@@émﬁamfm%y§tmanﬂw crystal
iR S T o e
&fucture. The thickness of the Pd layer 108 is, for example, about 0.8nm.
When configured in this manner, interface magnetic anisotropy is generated at
the interface between the CoCr layer 106 and the Pd layer 108. By stacking
the layers 106 and 108, for example, by three layers for each, it is possible to
obtain necessary perpendicular magnetic anisotropy. This makes it possible to
reduce the thickness of the continuous film layer 24 as compared with using, for
example, a single-layer continuous film layer 24.

[0181]

The continuous film layer 24 may have, for example, a Pt layer instead
of the Pd layer 108. Further, the continuous film layer 24 may have a CoB
layer instead of the CoCr layer 106. The continuous film layer 24 may
alternatively be a multilayer film [CoX/Pd or Pt]n in which layers of a Co
compound and Pd layers or Pt layers are alternately laminated by n layers for
each. Alternatively, the continuous film layer 24 may be, for example, a
single-layer film with high Pt content. The continuous film layer 24 may

alternatively be a single-layer film of, for example, CoCrPt, CoPt, CoPd, FePt,
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each. Alternatively, the continuous film layer 24 may be, for example, a
single-layer film with high Pt content. The continuous film layer 24 may
alternatively be a single-layer film of, for example, CoCrPt, CoPt, CoPd,
FePt, 66 CoPt3, CoPd3, amorphous ThFeCoCr, SmCo5, Nd2Fel4B,
Co20Pt80, or the like. [0182] In this e>§§mple, isolation regions 202 are
formed in part of the continuous film layer 24. The isolation regions 202
are regions for 5 magnetically isolating a plurality of recording regions .
froftedenttneRMMBRO YR ddiictfe Qignai8 st seﬁ@%ﬁ%;;??e@o@aéﬁ? like.
in the prT icular magnetic recording layer 30. In this example, the

isolation regions 202 are soft magnetic regions and are formed by, for
examplanchangigripr CiGIIG velion S PR aeeidntedsifilparteyethed

being the multilayer film by ion-beam irradiation. In 10 the continuous film

copsinp U §lontaygie?d thd ke isalaiasyiegione Lar-aietregiamnsdeerve as

hard i i 204 th hibi dicul i
THOBR G SRS 0 ALt e R diof L RR oL gty where
Igfr%]ﬁ@ﬁc yhwid Brodssssireshiatedfi@ebrHed R RieiBEINEABNE IZCmagnetic

the lubricating layer 28 are further formed over the continuous film
tagerding Tagepi@le ctivethay exatisie, kingeistuatjomniegiogsi202 are soft magnetic
perpendicular magnetic recording layer 30 from an impact of the head.

TRABONDRNGAGIPEMSE RY R SERINE LEAMBAD RS AR HFgIUre Of the

iamond-like str AT jcating. 28 | ' 13
R T S 2 KR Y S0 ekl e,
tHeechabincRIiROfiay &4 yAs 34 foe gonmplaceefine 0§ R&Rin regions 202 are not
(perfluoropolyether) formed by a dip coating method. [0184] In the

feanechsfiMARplodeh serosEtR PRATEIE04dbRT ey MibtRaTPE0Jigs|#feénagnetic

éﬁ?&’&%%‘f}.'a&?aﬂé’%ﬁ%% AR e L e S IRy S 1Y€ ortions
204 will be described later.
[0183]

The protective layer 26 and the lubricating layer 28 are further formed
over the continuous film layer 24. The protective layer 26 is a layer for
protecting the perpendicular magnetic recording layer 30 from an impact of the
head. The protective layer 26 is, for example, a carbon-based film with a
diamond-like structure. The lubricating layer 28 is a layer for increasing the
lubricity between the head and the magnetic recording medium 10. The
lubricating layer 28 is, for example, a film of PFPE (perfluoropolyether) formed
by a dip coating method.

[0184]

In the manufacturing processes of the magnetic recording medium 10,
the respective layers from the adhesive layer 14 to the continuous film layer 24
are each preferably formed by a sputtering method. Particularly, a DC
magnetron sputtering method is preferable because uniform film formation is

enabled. On the other hand, the protective layer 26 is preferably formed by a
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are each preferably formed by a sputtering method. Particularly, a DC
magnetron sputtering method is preferable because uniform film formation
is enabled. On the other hand, the protective layer 26 is preferably
formed by a 67 CVD method. [0185] When forming the CoCr layers 106
and the Pd layers 108 of the continuo®/film layer 24, it is preferable to
use Kr as a sputtering gas. With 5 this configuration, the interface
magnetic anisotropy can be more appropriately generated by forming the
Makestes between the CoCr layers 106 and the Pd layers 108. The
CoCr Iaﬁ{aé 6 and the Pd layers 108 may be formed by a CVD method.
[0186] ereinbelow, the method of forming the isolation regions 202

and the \iipech mereiiegc e 0eCs RYéref 106 epirtitieops filiyelayeog4mitbe
described in further detail. In this example, the isolation regions 202 and

aeatiruauRdiineey s ot is2oetarabeneuss K ree arapigiered @amingVith
rocess.and an ion-bea 1jrradiation rocess. The recording layer formi rg |
S et e Py SR RAGNE U ANRAI BB L F3B RRANIG ARG oP Tately

§BRERIHEY By 28 rANththieeCABHRUAS  HEB BtivéaPYsE BECINESEAYS068nd the

and forms the multilayer film of the CoCr layers 106 and the Pd layers
Padaethel 08ntinLaI€618T layers2408)468d]tHenR ddayerarn(8 adlégtioa formed by
process is a process of irradiating an ion beam 20 on part of the
2SnHRLBIRERARY layer 24 and forms the isolation regions 202 by

soft-ma jizing regions irradiated with the ion beam. Regions not

irradiated with the ion beam are left remaining as the hard magnetic

portionsk&ibitie s tHienrnterpot igadiaganaesess forsgtone 2edlatianthe
regions 202 and the hard magnetic portions 204 in the continuous film
harermagpstjorsajions 204 of the continuous film layer 24 will be described in
further detail. In this example, the isolation regions 202 and the hard magnetic
portions 204 are formed by a recording layer forming process and an ion-beam
irradiation process. The recording layer forming process is a process of
forming the granular layer 20, the coupling control layer 22, and the continuous
film layer 24 over the underlayer 18 and forms the multilayer film of the CoCr
layers 106 and the Pd layers 108 as the continuous film layer 24.

[0187]

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

[0188]

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

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



10

15

20

25

Fig. 1 (b) shows a first example of an ion-beam irradiation method. In this
example, the ion-beam irradiation process uses a silicon stencil mask 40
to set regions, to be irradiated with an ion beam 42, on the continuous
film layer 68 24. Then, the isolation regions 202 are formed by irradiating
the ion beam 42 on those regions. Wit &his configuration, it is possible to
accurately set the regions to be irradiated with the ion beam 42.
Therefore, accordiﬁ to this. example, the isolation regions 202 can be

PopetRerdried SRR FER0PEY2 3" RIRaeeERYiITakalROTBg PN beam 42
e e BRSPS AL ARAT Ko e

YA IGUsEUIreael ARsioRNKnKHeus e dayerc24 Iy dhefaracEmeofditg inthis
beam 42. In this case, the ion-beam irradiation process may 10 form the

aRe réfdasl 20 s gianhe0entias perpevritlydermashwilt higvatiagracy.
layer SO@Qrg]ﬁining the granular layer 20, the coupling control layer 22,
and the 'Contiduous film layer 24 exhibits the soft magnetic properties. The

ion-beappispdligtionpreesss Rratfsiol ERsdbedRALHAE KIIBhI8Gions 202,

having an axis of easy magnetization in an in-plane direction parallel to
beengaioftls sgnieiie, of the sedistinateradialdthvitis tenfayubetaon 4Riby, for
possible to more appropriately block a recording magnetic field extending

RXEMBRIFChBRIRPENG Gy 8l SiEestipratdnst aoB ity iin Jaypiest by the
SRR oL A o DSV B e

fonia melideysidinegibntsthe perze ndcelaire penssicarsisatiopy fekcto

the interface magnetic anisotropy. The ion-beam irradiation process
fopeksling IayeitdH cembiinminpdreadianigy enebinsceenaingreanyol layer 22,

B B B e SRS e
ibe-BESHArRsialR AR sigiindiRBN 1o #RS HE eseRitiHrMdERI& 202 having
an axis of easy magnetization in an in-plane direction parallel to the main
surface of the substrate 12.  With this configuration, it is possible to more
appropriately block a recording magnetic field extending in the direction parallel
to the main surface of the substrate 12 by the isolation regions 202.

[0190]

In this example, the continuous film layer 24 is the multilayer film of the
CoCr layers 106 and the Pd layers 108. This multilayer film exhibits the
perpendicular magnetic anisotropy due to the interface magnetic anisotropy.
The ion-beam irradiation process forms the isolation regions 202 by irradiating
the ion beam 42 on this multilayer film to form an alloy of metals contained in
the CoB layers 106 and the Pd layers 108 of the multilayer film, respectively.
This makes the interface state of the isolation regions 202 different from that of
the hard magnetic portions 204 being the regions not irradiated with the ion
beam so that the isolation regions 202 become soft magnetic regions that

exhibit substantially no perpendicular magnetic anisotropy due to interface



10

15

20

25

the hard magnetic portions 204 being the regions not irradiated with the
ion beam so that the isolation regions 202 become soft magnetic regions
that exhibit substantially no perpendicular magnetic anisotropy due to
interface 69 magnetic anisotropy. Therefore, according to this example,
the isolation regions 202 can be prope@l?/ formed by ion-beam irradiation.
Further, it is possible to form the isolation regions 202 substantially only
in the continuous film Ia%er 24 among the respective layers included in

hagNEfeARISRIEP BY mabhetRi QERaRGN @ (B8NP AR BIR ifOkRION

' eam irradiatj r he | tion regqj -
A AR R ST R e e e e
pUsSipRMdrfaciatios isorgichasgh isinEragpsitaifmgcons Withha E8ntinuous
smaller ion beam dose (Dose) as compared with, for example, the case of
thateyes 2casnapdinsesnarilveuayars imnaydedondhe perpgrdibidriess
thereof. Therefqre ccor\g g to this example, the isolation regions 202
@5‘}988’“8(8&8@@ ?ﬁ?ﬁar ith a small ion beam dose. Further, in this case,
for exan[w@l@1 }since it becomes possible to narrow a range affected by the
ion beam, 15 ion-beam irradiation can be performed with higher accuracy.
This makesetn postiidectca aquerdtedyidarbetna is@diaiionegionss20@rind 92¢
Further, the isolation regions 202, being soft ma(%netic can be formed

RIFHCETEAN5 202 M BoRBHRS iR RleasrS AP Sl AR RNUNUOUS fim layer
RIS A0 FEBIBN RO EnASGRTINALOYS ST i o

Isolation regions can be formed with a smaller ion ose.

shakRs ifpoBetne doder(DbR)iselatanpeaei@natRORWERANGIE! ecosseyof
[0193] Fig. 2 is a top view of the continuous film layer 24 showing

plosnwng bleBateabiigiopniaions Sip RyetRd el thegpelie fbitloress
t%oel}élo .thel'ﬁglrjé%re, according to this example, the isolation regions 202 can be
properly formed with a small ion beam dose. Further, in this case, for example,
since it becomes possible to narrow a range affected by the ion beam,
ion-beam irradiation can be performed with higher accuracy. This makes it
possible to accurately form the isolation regions 202.

[0192]

Further, the isolation regions 202, being soft magnetic, can be formed
with a smaller ion beam dose as compared with, for example, nonmagnetic
regions. Therefore, according to this example, the isolation regions 202 can
be formed with a smaller ion beam dose. This makes it possible to form the
isolation regions 202 with higher accuracy.

[0193]

Fig. 2 is a top view of the continuous film layer 24 showing positions of
the isolation regions 202 and the hard magnetic portions 204. In the figure,
white portions and black portions in the hard magnetic portions 204 represent
the difference in magnetization direction due to the difference in information

recorded in respective bits on tracks. In this example, the ion-beam irradiation
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white portions and black portions in the hard magnetic portions 204
represent the difference in magnetization direction due to the difference in
information recorded in respective bits on tracks. In this example, the
ion-beam irradiation 70 process irradiates an ion beam on guard band
regions each being a gap region betwddh the adjacent tracks. Therefore,
the isolation regions 202 are each formed in the guard band region.

Regions corresponding to the tracks become the hard magnetic portions
EM%&H@&HQF&?@W&%@&%%@Q@HR%*P@WW‘F%&R@M a gap region

L S U S

foptadan eeonsa# b amEreiine. it RaesivIoieaBsbAding v etks become
recording medium 10 (see Fig. 1) properly function as a DTR medium. 10

herihaid oreretihROsipRe 204 trabk Beger anidaritayed b d s itsieks ae
ible to reduce the track width (E idth thus to i t
R R R T I AR ey e

isolatior[(ge;g' ns 202 being the soft magnetic regions prevent a magnetic
field from exténding in the 15 direction parallel to the main surface of the
substraté/itR {sesechitfidy)ratomedme theckace Magrestioa)lwidotated from each
configEl]Jration, when recording a magnetic signal on the track, it is

PRI TasdiRRIRLCRERBIRNS RkgnelibHatPBxdraiRgSENalg MatitsRie

[ ri .
Rl e RO R S o T SRR SEELIPAE gpociu.
Fetregsofdingkanaphetigiridiorubrisg gxasRe o rdGuRIReSiIEAGKR possible
Therefore, according to this example, magnetic isolation between the
teaadegrthed iaeifavigipropraae Iy ichiend dnys 1o anmeeartsk tiagihdensity.
of the m@qr@o ic recording medium 10 is, for example, 25 100 to 200nm
and preterably 135 to 165nm. The track interval (track pitch) L2

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

[0196]

The track width L1 of the magnetic recording medium 10 is, for example,
100 to 200nm and preferably 135 to 165nm. The track interval (track pitch) L2
being a distance from the center of the track to the center of the adjacent track
is, for example, 150 to 250nm and preferably 180 to 220nm. The width L3 of

each isolation region 202 in a track width direction is, for example, 30 to 70nm
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being a distance from the center of the track to the center of the adjacent
track is, for example, 150 to 250nm and preferably 180 to 220nm. The
width L3 of each isolation region 202 in a track width direction is, for
example, 30 to 70nm 71 and preferably 40 to 60nm. For example, when it
is not necessary to block extension of 1recording magnetic field by soft
magnetic regions because of the track interval being large or the like,
nonmagnetic regions may be formed as isolation regions 202. 5 [0197

Rl RIGHeraGI 9280 furf BEfBRIFe VRS ibhE AdierRREAEY 1o Dlock

RO A LR B, I BB bk o o e
patrineshAlibeiritek1ed) oneskuiRe LAdAARY TdB6 rd fofsinaEg Beafited as

showing the states of changes in magnetic properties by ion-beam
iselatiapregirnfiRl@ser films each being the same as the continuous film
layer 24 T%?l 1 shows ion-beam irradiation conditions corresponding to
respecti[Re1 rfgnetic properties shown in the graphs of Figs. 3 15 and 4

and coefeieOHCRRIREDISAEY ARSI MBdE FEgRARKECh located

magnetic properties. [Table 1 ] sample species dose(/cm2) energy(keV)
betve@nbis HlieHEs@@ 88 6rDiheBasksl. ORAHBIG 28afilg0fatind At'is
5.0E+14 30 527 1.00 D7 Ar' 5.0E+15 2057 0.12 D9 Ar' 1.0E+15 20 376
RASSIHA foAPakeEhe nagRAticTere EiNg Atedigr G fupatipn s £ patterned

(bit-patterned) medium.

[0198]

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

magnetic properties.

[Table 1]

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

D1 Ar* 5.0E+15 30 38 0.07
D3 Ar* 1.0E+15 30 230 1.00
D5 Ar* 5.0E+14 30 527 1.00
D7 Ar? 5.0E+15 20 57 0.12
D9 Ar? 1.0E+15 20 376 1.00
D11 Ar? 5.0E+14 20 911 1.00
D13 Ar* 5.0E+15 10 151 0.21
D15 Ar* 1.0E+15 10 1585 1.00
D17 Ar* 5.0E+14 10 2337 1.00
D19 Ar? 5.0E+15 5 1028 0.86
D21 Ar? 1.0E+15 5 2488 1.00
D23 Ar? 5.0E+14 5 2993 1.00
D25 reference(no) 0 0 4275 1.00
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D15 Ar' 1.0E+15 10 1585 1.00 D17 Ar' 5.0E+14 10 2337 1.00 D19 Ar'
5.0E+155 1028 0.86 D21 Ar' 1.0E+155 2488 1.00 D23 Ar' 5.0E+14 5
2993 1.00 D25 reference(no) 0 0 4275 1.00 72 [0199] As seen from
Table 1 and Figs. 3 and 4, when the ion beam dose (Dose) is setto 1
x1015 to 5x1015/cmZ, the coercive foréé He becomes small. This
represents that a region irradiated with an ion beam is soft-magnetized. 5
From this result, it is seen that if regions to be irradiated with an ion beam
are set[w,%} example, the method described using Fig. 1 (b) or the like,

portong SO DAL At 2R e DA SaA tose

(Dess) is set to BxIPLaE M (hYsabaeaesraie HRRCPHSSE0MEs Bhifll.

represents that a 10 soft magnetic region having an axis of easy
g renresmsikal aeaion idiestatad yuthiRn ioa hesim issalienoagnetized.
Eubstr te 12mfo{med b\gl iég}n-b am. irra iaﬁgﬁn.ggo The ion bea(Qn

(YD (BBEPHILy R YrERiahi o203 A%ch M BEIAES WPl OhBTaN" are
bepey dBFRARRRA MY Ridthad ik iabed QLMETRR, WheNdpimiada sot
magnetic region having the axis of easy magnetization in'the in-plane
possitibe tpgoatipetty tteerm ol sticfacegid tise22bahd teatd, tteg ietibgamions 204
dose (Dose) is preferably set to, for example, 5x1015 to 5x1016/cmZ. If

i@ PN REHHIEYR @34 1ol RemaineifsdRsain SsscPRis) 4 61 to
iRy Wﬁ%@@%ﬁé’ﬁé%é%ﬁ%‘ @BEQSM%LI Eﬁtﬁ%ﬂ. '?FﬁﬁstPgoPé%‘é?bﬁi that a

fakes time, which us not efficient. Further, there is also a possibility
Hort i sg@IStci esglpiath ity an axis kgaradg atahadtization in an in-plane
direction parallel to a main surface of a substrate 12 is formed by ion-beam
irradiation.

[0200]

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

[0201]

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

too large, there is a possibility that an ion beam passes through the layer and
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[0201] The ion irradiation energy is preferably set to 5 to 30KeV and more
25 preferably 10 to 30KeV. If the energy is too small, the soft magnetic
region cannot be properly formed. If the energy is large, a nonmagnetic
isolation region 202 is formed in a regign irradiated with an ion beam. If
the energy is too large, there is a poss?l;ﬂity that an ion beam passes
through the layer and 73 further exerts an influence upon a lower layer.
{% 02] The ion-beam irradiation process may irradiate, for example, an ion
H}ﬁr&)ﬁ{&ﬁﬁdm@%(ﬁﬂo&%gvﬁﬁé A&rnatively, use may be made
of 5an am of He, B, C, N, Ne, Ar, Cr, Co, Kr, Xe, Pt, or the like.
[0203] hows a second example of an ion-beam irradiation method

in the l%b&@mﬂ@&di&ﬂ@ﬂ|Qt@ﬁ€§$od>@§biﬁ1@§lam@dﬁat@ef@?%b@@iﬂﬂle an ion

irradiation process uses a reS|st mask 44 formed by the nanoimprint

t@amuqbéhmeqbgmq ipnpionobéaenikeadidltamativelys use gh@yvherfrrage of

R B BALbES 3 Foee i e 6 Kokt M W 26,

Then, amn in Fig. 5 (b), irradiation of an ion beam 42 is carried out
using the resist mask 44 as a mask, 15 thereby forming isolation regions
202 in thegcdnihowssfitadandreanipRO b dftemfdreainyitiaiatt@tiomethod in
regions 202, as shown in Fig. 5 (c), the resist mask 44 is removed by, for

R IABIBSAS S R LBIARES A AT gta foR ARRTL SrAtiATon
%‘?8&%’%% ﬁ%%&%r}é?& "R F&}ﬁ’g E§ ﬁé r?a%?@ iy e '&rr?r‘ﬂ ion

rocess, for examp , as show a carbon-overcoat protective
layer 26[gt4ned on the continuous f|Im layer 24. [0206]

In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist
mask 44 is formed by, for example, using a nanoimprint mold 46 to emboss a
resist film coated on a continuous film layer 24. Then, as shown in Fig. 5 (b),
irradiation of an ion beam 42 is carried out using the resist mask 44 as a mask,
thereby forming isolation regions 202 in the continuous film layer 24.

[0205]

After forming the isolation regions 202, as shown in Fig. 5 (c), the resist
mask 44 is removed by, for example, ashing and cleaning. Also with this
configuration, the isolation regions 202 can be properly formed. After the
ion-beam irradiation process, for example, as shown in Fig. 5 (d), a
carbon-overcoat protective layer 26 is formed on the continuous film layer 24.

[0206]

(Embodiment 2)

Hereinbelow, another embodiment according to this second invention
will be described with reference to Fig. 7.

In this example, a magnetic recording medium 10 comprises a
substrate 12, an adhesive layer 14, a soft magnetic layer 16, an underlayer 18,

a perpendicular magnetic recording layer 30, a protective layer 26, and a
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(Embodiment 2) Hereinbelow, another embodiment according to this
second invention 25 will be described with reference to Fig. 7. In this
example, a magnetic recording medium 10 comprises a substrate 12, an
adhesive layer 14, a soft magnetic layer 16, an underlayer 18, a
perpendicular magnetic recording layer' 30, a protective layer 26, and a 74
lubricating layer 28 in this order. The perpendicular magnetic recording
I&%er 30 comprises a granular layer 20 and a ma(_igetically coupling layer

rERHNGIRNRL GG TSRt H siFB%Qﬁ{l@?PQﬂEH d‘ﬂ@%@%d&%?@{ﬁiﬁﬁslayer
e e e B R Ry o

bR asadhersaneasitpsedpdi) e rleReer nantippribembodiment 1
and thus description thereof is omitted. [0207] In the embodiment 2, the

magnetitallyie 6uplinig dayee Bubsiratéinihe adhesive Byabild, the soft

erpendicular magnetic anisotropy. the magnetic recording layer with a .
BV B A8 KGR Ly KBt BRI YR DR ERRHne (Ubfating
ERSNSE G GAKIRYES thoSXGRANEBISEARNORBRNEEMBIRIMAIRGtSNd thus
recording layer and the magnetically coupling layer that is magnetically
desptgdicio inaigraétis gnaiithsdn the magnetic recording layer. 15 As an
example of the magnetically coupling layer, there can be cited an
aIon-baLQ,%pmaterial such as CoCr, CoCrTa, CoCrPt, CoCrPtTa, or

CoCrPtg, tﬁgeemggaﬁlﬂgﬁlﬂ)é9%!@%@%%&“?%%%@%3@@T%w%%S{hin film,

CoCrPt and, If it mainly contadins , I11S'p0OSs eat
vasistieaasbitageiendiedigheaistic apstidabilyy enthiewagissiefrrding
granular layer. 20 The magnetically coupling layer has a non-granular
lyestoth coatainitg slsueiers armdlésnagnatcaliheayipliechiuingapependicular

nonm netic%ain boqularies of magnetic grains. ,
agnetic recoraing layer by exchange mteraction between the magnetic

recording layer and the magnetically coupling layer that is magnetically coupled
to magnetic grains in the magnetic recording layer.

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

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

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

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

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

value that enables the magnetically coupling layer to exhibit its function.
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The thickness of the magnetically coupling layer is, for example, 1 to
10nm and preferably 2 to 9nm. 25 The thickness of the magnetically
coupling layer is preferably half or less of that of the granular layer and
more preferably one-third or less theregf. The lower limit of the thickness
is greater than zero and is preferably séPto a value that enables the
magnetically coupling layer to exhibit its function. 75 [0208] In the
embodiment 2, the granular layer is preferably a CoCrPt-SiO2-TiO2 layer.
Further,[g?@mickness of the magnetically coupling layer is preferably set

e ST e MRl

hereinbelow. e granular layerisa

GHOrFrBic, Ie@biajred Unlesrthenthighaasssel sheneasipiisad §ostliping
layer is set to a certain high value. However, as the thickness of the

leenistiRrgigenlyhey thiyeeiibamsesyeiesalcivéierrasengdbrrgseswill be

Further g he thickness of 10 the magnetically coupling layer is large,
gmﬁ?# r&@égg]sgﬂ?% change the properties over the entire thickness,

the changsdp BrenfHiss4f gy apfs Magrsizaten) by nram SredaicBannot

is hard to occur. In"contrast, when the granular layer’is the
G G0 2+T832 thgahitkaegisaot Hoandsgrestiobhyagmetingripsrirsteet to a
granular layer become clearer as 15 compared with the case where the

@‘?éﬁiﬂ‘afﬂi%hyéﬁlg?he UBEW@S@?ZT%QH%H%EL@ the E&QE@%%&W””Q
RSEpRsdiGher A3 SpARIYID e casBAnRre BB AN ERRess o

ayer. erefore, even If the thickness o

thagnaynatic sinupboglayaaie e Ietgtvelyidain asmssepased twithange the
conventional values, a relatively high coercive force He can be obtained.

POREAEMRIETEOS Gke iigeraI N ecUIANGs 4y or erertiesniade s, it

PR 7 S 08 BT AR CRAIH R riries (e.g. soft
magnetigaligRira¥t, when the granular layer is the CoCrPt-SiOo-TiO, layer, the
grain boundaries of magnetic grains in the granular layer become clearer as
compared with the case where the granular layer is the CoCrPt-SiO, layer, and
thus the coercive force Hc becomes higher as compared with the case where
the granular layer is the CoCrPt-SiOy layer. Therefore, even if the thickness of
the magnetically coupling layer is set relatively thin as compared with
conventional values, a relatively high coercive force Hc can be obtained.

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

[0209]

In this example, isolation regions 202 are formed in part of the

magnetically coupling layer 24'. The isolation regions 202 are regions for
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ion-beam irradiation is facilitated. Therefore, for example, it is possible to
make the magnetic recording medium properly function as a DTR medium
or a 25 patterned medium. [0209] In this example, isolation regions 202
are formed in part of the magnetically coupling layer 24'. The isolation
regions 202 are regions for 76 magnet (,Gally isolating a plurality of
recording regions from each other, where magnetic signals are to be

respectively recorded, in the Perpendicular magnetic recordin g%g 30.
RagReca d%?'ﬁ%@%élé?ﬂidfﬁ‘#B’gﬂfr@%ﬁ"aﬁér%f?ﬁ%&ﬁgﬁ@a\‘é% aNgrere

ﬁﬁéﬁé‘ﬁg& Maf "a}?é‘?ﬁi"@éer%l?ggf\?&gr}%&é}’&@ ?HLfﬁnE]“E%PJé 8icdular magnetic

coupling Tayer ng a single-Tayer fi y ion-beam

reeskatiniayetizn magnelisalkaapielintelasinidn regions pOReéhsoft magnetic
isolation regions 202 are not formed serve as hard magnetic portions 204
fRgiahand RS e &y neigtxdiv alsisohapyino e crystrlatieew! the
the method of forming the isolation regions 202 and the hard magnetic .. ..
BEABRLA0N SO URD UG Rb e e T A T oY GRS ffaciation.
MBS YBIRI%ala? 10IaHRRIRIoRS 8IR R Ailons 202
magnetic portions 204 are formed by a recording layer forming process

argraot fomiechsevadiati@argroagsetichporécnsiiy [Hyerdnhibib @ groeedEular

is a 15 process of forming the granular layer 20 and the magnetically
CRHBIRREIBPEFBPPYver the underlayer 18 and forms, as the magnetically

coupling@ & 24', a single-layer film being a CoCrPt layer or a CoCrPtB
layer. [0 %] he ion-beam irradiation process is a process of irradiating

an ion beareiASetw aeahdte daagTelicaty tos v tiayeredioasdderard the

the isolation regions 202 by soft-magnetizing regions irradiated with the

hatdbamranRig prriens 204mhise maonalicalbeanphing lefeeriniigoas
te%gr%gdqﬁ Bﬁﬂ%rpgcra igms In this example, the isolation regions 202 and the
hard magnetic portions 204 are formed by a recording layer forming process
and an ion-beam irradiation process. The recording layer forming process is a
process of forming the granular layer 20 and the magnetically coupling layer 24
over the underlayer 18 and forms, as the magnetically coupling layer 24', a
single-layer film being a CoCrPt layer or a CoCrPtB layer.

[0211]

The ion-beam irradiation process is a process of irradiating an ion beam
on part of the magnetically coupling layer 24' and forms the isolation regions
202 by soft-magnetizing regions irradiated with the ion beam. Regions not
irradiated with the ion beam are left remaining as the hard magnetic portions
204. By this, the ion-beam irradiation process forms the isolation regions 202
and the hard magnetic portions 204 in the magnetically coupling layer 24'.

[0212]

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

set regions, to be irradiated with an ion beam 42, on the magnetically coupling
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204. By this, the ion-beam irradiation process forms the isolation regions
202 and the hard magnetic portions 204 in the magnetically coupling
layer 24'. 25 [0212] Fig. 1 (b) shows a first example of an ion-beam
irradiation method. In this example, the ion-beam irradiation process uses
a silicon stencil mask 40 to set regionsﬁo be irradiated with an ion beam
42, on the magnetically coupling 77 layer 24. Then, the isolation regions
202 are formed by irradiating the jon beam 42 on those regions. With this

orttatidianish Saation seelraterPatereTagoRY 5 ddatagifiedon

ith thei Therefore,.accord is.e isolati
b R e s e S RSN R P W ey
o ine-ReAGM ¥ tadiatiorn aigeeswiterng 1o isekatarpregionrg ¢iore bedagrding to
soft magnetic, in the regions irradiated with the ion beam 42 by, for
Biaee eleattmisotatior segliensi ddZccanthe prapesicarmnesuyitigigyer
24 by 10 the energy of the ion beam 42. In this case, the ion-beam
?r?&H)fé"t%n process may form the isolation regions 202 so that the entire
perpendi lg]magnetic recording layer 30 combining the granular layer
20 and the magnetically coupling layer 24 exhibits the soft magnetic
propertidsrdihetiua ibadreamardidiat gmquese gsdimrablyhisddtien regions 202,
isolation regions 202 having an axis of 15 easy magnetization in an

PP SO URRADR 5 BIDRSoIARR SAHRECh MR 12620 BRATY 45k R
g O e e A P ayer 24 b

setiatgyldfhdhersseatinrsegionsrd2ake ke ¥ pdhia axaswientpeocess

magnetically coupling layer 24" is the single-layer film being the CoCrPt
nagerfernthth € softiBnapeiomsidGirepchay dhgiian istprrp pediriHarcimagnetic

FORORnG Py P BRo IS g RE a5V PR e magnetically

coupling layer 24 exhibits the soft magnetic properties. The ion-beam

irradiation process preferably forms the isolation regions 202 having an axis of
easy magnetization in an in-plane direction parallel to a main surface of the
substrate 12.  With this configuration, it is possible to more appropriately block
a recording magnetic field extending in a direction parallel to the main surface of
the substrate 12 by the isolation regions 202.

[0214]

In this example, the magnetically coupling layer 24" is the single-layer
film being the CoCrPt layer or the CoCrPtB layer. This single-layer film
exhibits perpendicular magnetic anisotropy due to interface magnetic anisotropy.
The ion-beam irradiation process forms the isolation regions 202 by irradiating
the ion beam 42 on this single-layer film to form an alloy of metals contained in
the single-layer film. This makes the interface state of the isolation regions
202 different from that of the hard magnetic portions 204 being the regions not
irradiated with the ion beam so that the isolation regions 202 become soft

magnetic regions that exhibit substantially no perpendicular magnetic
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The ion-beam irradiation process forms the isolation regions 202 by
irradiating the ion beam 42 on this single-layer film to form an alloy of
metals contained in 25 the single-layer film. This makes the interface state
of the isolation regions 202 different from that of the hard magnetic
portions 204 being the regions not irradfated with the ion beam so that the
isolation regions 202 become soft magnetic regions that exhibit
substantially no perpendicular magnetic 78 anisotropy due to interface

AniRpleaRY AR IR R CTREFTIRONGEERRING TORNIs EREMHNEC HRCFSBRAGHO this

[ C 0 jon- iradiation. Further, it is
e e R S O T2 S S B Dy o
imaergigally coupsnatirypo2gibns taesasperlivolalersrsyibisedan sibstantially
perpendicular magnetic recording layer 30. [0215] Herein, in this

erbhipldeteagnatieatly ieeuninararecddsabintsrerpestritay esgineiue in
changing. the interface state of the magnetically coupling layer 24' by
BRI RA L e SR R D state 10 occurs with a
smaller jgp{fgam dose (Dose) as compared with, for example, the case
of changing the state of the magnetically coupling layer 24' over the entire

thickneddahaireoh fhie sefaneplac toediog-be His imaaiagilen e cedatiorms the
.rﬁe(%io.ns 202 can be properly formed with a small ion beam dose. Further,
§

RIOCLER019BP Sibyenanging B niiéassssiple & Hisdinanelicgdy
ﬁ%ﬁ@ﬂg R K12 b ARk fAg dH?‘d‘?H%”cﬁg@ 2 RAHRIRS Wilte

r accaracy. IS makes It possible to accurat orm the Isolation

trgigrsw a0l FHurihrrathel sy Dus e gie o Aparbaingtsofor example, the

magnetic, can be formed with a smaller ion beam dose as compared with,

ease@inaprNgioarile atate 20 the)ivasetiepdio aouptine drygt@4hiever the entire
USRS hRAERC  TheERlREs. 26r s Tl ftions Wz v migreprons
8691 aRYoe properly formed with a small ion beam dose. Further, in this case,
for example, since it becomes possible to narrow a range affected by the ion
beam, ion-beam irradiation can be performed with higher accuracy. This
makes it possible to accurately form the isolation regions 202.

[0216]

Further, the isolation regions 202, being soft magnetic, can be formed
with a smaller ion beam dose as compared with, for example, nonmagnetic
regions. Therefore, according to this example, the isolation regions 202 can
be formed with a smaller ion beam dose. This makes it possible to form the
isolation regions 202 with higher accuracy.

[0217]

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

[0218]

In this ion-beam irradiation process, as shown in Fig. 5 (a), the resist
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[0217] Fig. 5 shows a second example of an ion-beam irradiation method
in 25 the ion-beam irradiation process. In this example, the ion-beam
irradiation process uses a resist mask 44 formed by the nanoimprint
technique. [0218] In this ion-beam irradiation process, as shown in Fig. 5
(a), the resist 79 mask 44 is formed by7,?or example, using a nanoimprint
mold 46 to emboss a resist film coated on a magnetically coupling layer
24. Then, as shown in Fig. 5 (b), irradiation of an ion beam 42 is carried

Blashsiy' e B Mal ﬁladg%lenﬂé‘éﬂgtﬁé@!}?i%ﬂﬁiﬁﬁjﬂglﬂaﬂﬁ)ﬁpﬁﬂ?gﬁ§s a

o el . ereinbelaw. this. . . .
B R Couply e 38 st in Fig
SFpampleiiatibh dsing ian BrashaEksiitarfiuning apRgraisTeanBaleN Rl as a
layer 14 and a soft magnetic layer 16 are formed in sequence on an

alaskindsnehiciaraysosgoitiae enianmAR4hibspnagnpiicaltycoupling layer
?mozﬁgnetron sputtering method. In this event, the adhesive layer 14 is

ed using a CrTi target so as to be a CrTi layer with a thickness of
10nm. Ty t magnetic layer 16 is formed using a 15 CoTaZr target so
as to be an amorphous CoTaZr layer with a total thickness of 50nm. For
controllirtp reedpedtie,dibie aasotitkiseéniag netibRgesd6deasia farbdaykstail
structure with a Ru layer with a thickness of 0.9nm interposed
HSENETRXRBINCF0220] 20 After forming the soft magnetic layer 16,
continu layer (thickness 3nm) serving as a first orientation
control &%%ér{rg%l 2;illfllayers (thickness 20nm) serving as a second

orientatiggiagrirpblayeiasd Bmisolatiag apparatus, an adhesive layer 14 and a
soft magnetic layer 16 are formed in sequence on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method. In
this event, the adhesive layer 14 is formed using a CrTi target so as to be a CrTi
layer with a thickness of 10nm. The soft magnetic layer 16 is formed using a
CoTaZr target so as to be an amorphous CoTaZr layer with a total thickness of
50nm. For controlling magnetic domains, the soft magnetic layer 16 has a
two-layer structure with a Ru layer with a thickness of 0.9nm interposed
therebetween.

[0220]

After forming the soft magnetic layer 16, continuously, a Ta layer
(thickness 3nm) serving as a first orientation control layer and Ru layers
(thickness 20nm) serving as a second orientation control layer and an isolation
promoting layer are formed as an underlayer 18 in the Ar atmosphere by the DC
magnetron sputtering method. Then, a granular layer 20 having a thickness of
9nm and containing magnetic grains with an hcp crystal structure is formed
using a hard magnetic target made of CoCrPt-SiO».

[0221]

Further, using a low-pressure Ar gas as a sputtering gas, a Pd layer
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promoting layer are formed as an underlayer 18 in the Ar atmosphere by
the DC magnetron sputtering method. Then, a granular layer 20 having a
thickness of 25 9nm and containing magnetic grains with an hcp crystal
structure is formed using a hard magnetic target made of CoCrPt-SiO2.
[0221] Further, using a low-pressure Ar'gas as a sputtering gas, a Pd
layer 80 (thickness 0.8nm) is formed as a coupling control layer 22 and
{CoCr/Pd]3 layers are formed as a continuous film layer 24. The

Hilghnass - BAEH dermagasaseayp|ng coniind ietma@rdd epeadrals

B T e R At coc
tyee inerada. anah and e (BiBkackror. clZ2RLARy N DM D OhafgoThe

ions (Art) accelerated with an energy of 30KeV is irradiated on a medium

foielieaseiof the ReRiBUP B fte leyelddoiswitienayeCaCukirgra srchiie Pd
k 40 ib ing Fig, 1 hereby 10 formi ft i
RO ey ETRedoY IA LGRS BeLeh GAERS 9 SAGh e 3 10 fnm),

irradiatiggp#zs ion beam dose is set to 5x1015/cm2. The width, in a track
width direction, of each formed isolation region 202 is 50nm. The track

width is ABOombaaiirt 4 tohck gote ivaki$RA0Dactd@22RId 16t h enensiqy af
mixed gas containing Ar and 30% hydrogen and using a carbon target as

Al fRMesiadiRied aprmaefiemuipimeas wihdhg lﬁ)ﬁ%@@ﬁé@bﬁ]%ﬁ?ﬁ@ﬁuous

S e it LR e e N M
fermecdéeian mpwietieseawdinglaver &P agassibas bapastiiemckéeath this

20 Thereafter, a lubricating layer 28 made of PFPE (pqgfluo&opolyethe.r) is
Rhe@myreadipttunting aBtheanTaespiskeeko AL UbAtatinghaysios in a

T YOS s AR 8RRLS 1SSRIRLRP B BbA0 BRI Re track
width is 150nm and the track interval is 200nm.

[0223]

Then, using a mixed gas containing Ar and 30% hydrogen and using a
carbon target as a sputtering target, a protective layer 26 made of hydrogenated
carbon (hydrogenated carbon) is formed. Since the film hardness is improved
by the use of the hydrogenated carbon, it is possible to properly protect the
perpendicular magnetic recording layer 30 against an impact from a head.
Thereafter, a lubricating layer 28 made of PFPE (perfluoropolyether) is formed
by a dip coating method. The thickness of the lubricating layer 28 is Tnm. In
this manner, a magnetic recording medium 10 according to Example 1 is
fabricated.

[0224]

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

recording medium 10 function as a DTR medium. Further, by forming the
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fabricated. [0224] 25 In the magnetic recording medium 10 according to
Example 1, high thermal stability can be obtained by the CGC medium
structure. Further, by the formation of the isolation regions 202, it is
possible to make the magnetic recording medium 10 function as a DTR
medium. Further, by forming the 81 is&ition regions 202 as soft magnetic
regions, when recording a magnetic signal on a track, it is possible to
block a recording magnetic field extending toward the outside of the track,

W%Wﬂ?&)@ﬁﬁr@%é&é@&&ﬁﬁ@ﬁ%ﬂﬁﬂ@@ﬂi@dwﬁéﬁwr@?@ﬁéﬁ\ggaom%@li@“c
SR ?T ﬂ%@?ﬁ%s%&é’ﬁ%%%@@%%écrﬁ]ﬁé@%‘%ﬁg‘iﬁgﬁeﬁ‘&:&éﬁ‘ ing
properly reduced. For example, in the magnetic recording medium

revardingtoixamplete thackNtiaties ravenedddinabedbidhtprgaBtic field

as compared with the case where the isolation regions 202 are not

fomexieozlimg aasive Kaentsrek, thENetigich acgRitdRoOR dneasaple 1, the track

D R A AR R oo

EIaeE oaedbRI i‘ﬁ%zftBVEl@?fﬁﬁém, RN 9a1id ReTRIBFEVEY BYRARRIS 1.0 to

the isolation regions 202 can be formed with a small ion beam'dose. 15
§02@B]ds ttumpased initbcing e po sdilgie tthaasaatiamasge a§ &2 d by raot
ion beam. The ion-beam irradiation can be performed with high accuracy.
ff’rﬁ@%%re, according to Example 1, it is possible to accurately form the
isolatio ions 202. This makes it possible to improve the track density
and thus to 20 realize, for example, a recording density exceeding

200Ghitiexaaphsel intle i8oktivhthegidas @campie saftenagisgdrRREdYs.
exceeding 500Ghbits per square inch.

Further, the isolation regions 202 are formed by using the continuous film layer
24 of the [CoCr/Pd]3 layers and changing the interface state thereof by
ion-beam irradiation. Therefore, in Example 1, the isolation regions 202 can
be formed with a small ion beam dose.

[0226]

In this case, it becomes possible to narrow a range affected by an ion
beam. The ion-beam irradiation can be performed with high accuracy.
Therefore, according to Example 1, it is possible to accurately form the isolation
regions 202. This makes it possible to improve the track density and thus to
realize, for example, a recording density exceeding 200Gbits per square inch
and, further, for example, a recording density exceeding 500Gbits per square
inch.

[0227]

(Example 2)

Using an evacuated film forming apparatus, an adhesive layer 14 and a
soft magnetic layer 16 are formed in sequence on an aluminosilicate glass
substrate 12 in an Ar atmosphere by a DC magnetron sputtering method (see

Fig. 6). In this event, the adhesive layer 14 is formed using a CrTi target so as
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[0227] (Example 2) 25 Using an evacuated film forming apparatus, an
adhesive layer 14 and a soft magnetic layer 16 are formed in sequence
on an aluminosilicate glass substrate 12 in an Ar atmosphere by a DC
magnetron sputtering method (see Fig. 6). In this event, the adhesive
layer 14 is formed using a CrTi target Fas 82 to be a CrTi layer with a
thickness of 10nm. The soft magnetic layer 16 is formed using a CoTaZr
target so as to be an amorphous CoTaZr layer with a total thickness of

BoRfaEdTEEMPSIME AdBicERe R Rlal REMhe dbve SR ARABNRLRIYEMER I8

| t ' layer wi ic 9 '

e e R S R AR P R it
rAafitioksdsstol atayer (tFiekoersanny sriydiademiEsh o erigdMmagnetic
control layer and Ru layers (thickness 20nm) serving as a second
lenthiidragentradayer stigeltieomiiva RV ipishvtiiga dyiskarssopie@nm
as an underlayer 18 in the Ar atmosphere by the DC magnetron sputtering

%ﬁl?@&e?ﬁg% eol[)§ B layer 20 having a thickness of 9nm and
containi mgnetic grains 102 with an hcp crystal structure is formed
using a hard magnetic target made of CoCrPt-SiO2. [0229] 15 Further,
using a Sn€rRirtanggtioe adiioGdgiktar tmtearnicbyusmyiaumye!prestailaysr

as as a sputtering gas, a CoCrPt la etrgéfthickness 7nm) or a CoCrPtB

IEKTRRSIPREY FRRMNG AASESA OB RBeRM Udayhng e Budayers

DHreR 20rRETShAm A RoRand WL AR LAY B 8% Rotation
pragietieglyyy eodmingriaparadaniainged a¢sist SiaskhdAfasmesspridhe by the DC

nanoimprint technique as described using Fig. 5 (a), thereby forming
gl glovwkerowimadhashs Then, a granular layer 20 having a thickness of

9nm and containing magnetic grains 102 with an hcp crystal structure is formed
using a hard magnetic target made of CoCrPt-SiO».

[0229]

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

[0230]

An ion beam 42 of argon ions (Ar") accelerated with an energy of
30KeV is irradiated on a medium formed with the layers up to the magnetically
coupling layer 24', using a resist mask 44 formed by the nanoimprint technique
as described using Fig. 5 (a), thereby forming isolation regions 202 in regions
between tracks. In this ion-beam irradiation, the ion beam dose is set to
5x10"°/cm?®. The width, in a track width direction, of each formed isolation
region 202 is 50nm. The track width is 150nm and the track interval is 200nm.

[0231]

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

carbon target as a sputtering target, a protective layer 26 made of hydrogenated
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between tracks. In this ion-beam irradiation, the ion beam dose is set to
5x1015/cm2. The width, in a track width direction, of each formed isolation
25 region 202 is 50nm. The track width is 150nm and the track interval is
200nm. [0231] Then, using a mixed gas_containing Ar and 30% hydrogen
and using a carbon target as a sputtertfiyy target, a protective layer 26
made of hydrogenated 83 carbon (hydrogenated carbon) is formed. Since
the film hardness is improved by the use of the h droqg?ated carbon, itis
|

PREGRNYIRSSAY S SRIARLIONHRRRc LRI FRaGIRETOEiFNRSS S 4P BEved
SEHPLSR ITB mAbere: gl pMbiseine e o

Hugkeegr obihe ddpartinttrsei@ el 30adainbisamanpact roranesad.
recording medium 10 according to Example 1 is fabricated. [0232]
(Peseaitrnp Lbriostingsiapry #Bmeedeiet Ridhdpe fdvorensdysiseiiis formed

ccorging to Example 2 fungction as a DTR medium by the formatjgn of the

RGeS 0R el B By TR s B g BHE ot Ko G In
{RRINEHH ER SLRMGNERIERSEIHY REBRIASHS KLBRIRY Bl BKnibIE 1 is
possible to block a recording magnetic field extending foward the outside
fFdhediedk, thereby preventing the 15 recording magnetic field from
extendina outside the track. Therefore, according to Example 2, the track
edge noiké3n be properly reduced. For example, in the magnetic

recordinﬁoéqgggg 0 according to Example 2, the SN ratio is improved
by about 1.0 to 3.5dB as compared with the case where the isolation

regions RG2 peedisleiesmetke2th DR st eamigidg the dofatinn deeivthg to
202 are soft magnetic regions. Further, the isolation regions 202 are
foranerl®y dungjieneasiiyle IByeerimpy the formation of the isolation regions

202. Further, by forming the isolation regions 202 as soft magnetic regions,
when recording a magnetic signal on a track, it is possible to block a recording
magnetic field extending toward the outside of the track, thereby preventing the
recording magnetic field from extending outside the track. Therefore,
according to Example 2, the track edge noise can be properly reduced. For
example, in the magnetic recording medium 10 according to Example 2, the SN
ratio is improved by about 1.0 to 3.5dB as compared with the case where the
isolation regions 202 are not formed.

[0233]

In Example 1, the isolation regions 202 are soft magnetic regions.
Further, the isolation regions 202 are formed by using the single-layer film 24"
being the CoCrPt layer or the CoCrP1iB layer and changing the state thereof by
ion-beam irradiation.

[0234]

In this case, it becomes possible to narrow a range affected by an ion
beam. The ion-beam irradiation can be performed with high accuracy.

Therefore, according to Example 2, it is possible to accurately form the isolation
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being the CoCrPt layer or the CoCrPtB layer and changing the state
thereof by ion-beam irradiation. 25 [0234] In this case, it becomes
possible to narrow a range affected by an ion beam. The ion-beam
irradiation can be performed with high accuracy. Therefore, according to
Example 2, it is possible to accurately féfm the isolation 84 regions 202.
This makes it possible to improve the track density and thus to realize, for
example, a recording density exceeding 200Gbits per square inch and

FREHOES @%xaﬂh%%k@éd?d?ﬁé%ﬁs‘i@'@&f@é@iH@W@Wsﬂ%?@us to
38 07 SR oo SRS B sl Eaa

bednilaties, dbmagalite JiaiBsoriing demitpelawidies BDeGISR pepsquare
compared with the case where the granular layer is a CoCrPt-Si02 layer,
68 thus the coercive force He 10 becomes higher as compared with the

case Wﬁﬁrg e granular layer is the CoCrPt-Si02 layer. Therefore, even if
the thic § f the magnetically coupling layer is set relatively thin as

compargg (i eQASIIREE AP LRI BeAL BiBBISg ReFiRaIRI98 Hesince the

can be obtained. It the thickness of the magnetically coupling layer can be
gnadel#ritgyiersis 1 Po€sPISiO proifes hagarryheuy magoeticdackdion magnetic
between recording re?ions in addition to the fact that the char#%e in

Breperted R g 2abemayREREARIT PR IS FRTRAIRRAHIS RRifRsevhere
el AR R ks e e o R ey
irsdatiossragjaes 2D 2sapdre donite thyithacsmadro thd gpamclaseajer &ihe
CoCrPt-SiO; layer. Therefore, even if the thickness of the magnetically
coupling layer is set relatively thin as compared with conventional values, a
relatively high coercive force Hc can be obtained.

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

In Example 2, the isolation regions 202 can be formed with a small ion
beam dose.

[0236]

While this invention has been described with reference to the
embodiments, the technical scope of this invention is not limited to the scope of
the description of the above-mentioned embodiments. It is obvious to a person
skilled in the art that various changes or improvements can be added to the
above-mentioned embodiments. It is clear from the description of claims that

the modes added with such changes or improvements can also be included in
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While this invention has been described with reference to the
embodiments, the technical scope of this invention is not limited to the
scope of 25 the description of the above-mentioned embodiments. It is
obvious to a person skilled in the art that various changes or
improvements can be added to the abBve-mentioned embodiments. It is
clear from the description of claims that the modes added with such
changes or improvements can also be included in 85 the technical scope

BraneCveRtisronsdeisthis IRpBNESBiity [0237] This invention is suitably
| fample, ic 5 recording medium. Brief
%‘éﬂgﬁﬁ%\%}@gﬁ%egg@pe a magnetic 5 recording medium. Brie

scriptio wings [0238] Fig. 1 is diagrams showing one
examplggaz3zymagnetic recording medium 10 according to one
embodiment of this invention. Fig. 1 (a) shows 10 one example of the
structurd bistie Ariigieitcseitabippicaiie too feigxanmpehawragfiedic
example of an.ion-beam irradiation method in an ion-beam irradiation
?ﬁ%%r Qgﬁfb?%qga top view of a continuous film layer 24 showing

BReiipes Hptopeticeivld gl portions 202 and hard magnetic portions

204. 15 Fig. 3 is graphs showing the states of changes in magnetic
properti§@28§]ion-beam irradiation. Fig. 4 is graphs showing the states of
changes in magnetic properties by ion-beam irradiation. Fig. 5 is

diagrambiShbwir 0 SBsr RN eXARS RN 1A TBRLS L4 gk T eserding

R LA AL SR BRI brove
ORROEC G Ple dittiae (RFdoNgr BT amepaERiivetic xrasungind medium 10.  Fig. 1 (b)
shows a first example of an ion-beam irradiation method in an ion-beam
irradiation process.

Fig. 2 is a top view of a continuous film layer 24 showing positions of
magnetic field shield portions 202 and hard magnetic portions 204.

Fig. 3 is graphs showing the states of changes in magnetic properties
by ion-beam irradiation.

Fig. 4 is graphs showing the states of changes in magnetic properties
by ion-beam irradiation.

Fig. 5 is diagrams showing a second example of an ion-beam irradiation
method in an ion-beam irradiation process.

Fig. 6 shows the simulation results of recording patterns of information
recorded in magnetic recording media according to Comparative Examples 1
and 2. Fig. 6 (a) shows the recording pattern in a granular medium being the
magnetic recording medium according to Comparative Example 1. Fig. 3 (b)
shows the recording pattern in a conventional type CGC medium being the
magnetic recording medium according to Comparative Example 2.

Fig. 7 is a diagram showing one example of a magnetic recording

medium 10 according to another embodiment of this invention.
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and 2. Fig. 6 (a) shows the recording pattern in a granular medium being
the magnetic recording medium according to Comparative Example 1.
Fig. 3 (b) 25 shows the recording pattern in a conventional type CGC
medium being the magnetic recording medium according to Comparative
Example 2. Fig. 7 is a diagram showin@@ne example of a magnetic
recording medium 10 according to another embodiment of this invention.
86 Description of Symbols [0239] 10 magnetic recording medium, 12
Ressiption af SYARNR layer, 16 soft magnetic layer, 18 underlayer, 20
granular% (main recording layer), 5 22 coupling control layer, 24
...contin[Jous Jilm layer (auxiliary magnetic layer), 24" magnetically
touplimadmieric 2ecardiirsitvediayar 126 ubeating laver; sfhesive layer, 16 -
perpendicular magnetic recording layer, 40 stencil mask, 42 ion beam,

9t reeignaiiesiayes, hiold, BBIedaieigR) T0erTueaKkipyerLmBairtregeting layer),
R W
e ALRLABRESIHEB FHRR RIFRNSE2 - MRgRelitéNsRiopBed RiHdRENng layer,

substrate, wherein: 5 the maghetic layer comprises a main recording layer

86 re pengiegdicuiagmain stgnedcrdiag Eydliad) magieatd fagsk, 42 -+ ion
magnetically coupled to the main recording layer, and the auxiliary

hediRefit ray@sigmpred @ pImmalfy 8f na@rirrpled PoriokeB layer, 108 -

B R S0 LB Y SR L 8 PRagnetic
rRRflonpa®tic fieldshielghreaidipastieimed between the plurality of hard
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magnetic portions, respectively, wherein when magnetization curves are
measured, the magnetization curve of each magnetic field shield portion
has a 15 slope greater than those of the hard magnetic portions in a
region where an applied magnetic field is zero, and a residual magnetic
polarization of each magnetic field shi&d portion is smaller than those of
the hard magnetic portions. 2. A magnetic recording medium according to
claim 1, wherein the magnetic field shield portions are soft magnetic. 20
3. A magnetic recording medium ac&lfﬁi%%o claim 2, wherein the
magnetic field shield portions have an axis of easy magnetization in an
in-plane direction parallel to a main surface of the substrate. 4. A

magneti¢. re@oralgh 81RAiE6d REAGAIBEILIrAEY AP Al st Sirard areing
25 the magnetic recording medium is a magnetic recording medium for

mageeiitcale meighed O vesdhdriyapisaiaravirigistic portions of the
auxiliary, magnetic Jayer are magnetic regions that exhibit perpendicular
e e B B oSS TR R R, L GG
e A S Pled 6 e

maignetcopirtg ey andamdhich exhibit substantially no perpendicular
magnetic 5 anisotropy due to interface magnetic anisotropy. 5. A

magne_ti@?e%ﬂiﬁ@yrﬁ&ﬁ@ﬁlﬂﬁd%?ﬂiﬁ@Wﬁﬁ?séf claims 1 to 4, wherein:
the ma'%ﬁﬁ%ﬂ@%mﬂd%@?/&fé’gé}ﬁo%? %8@'{?}%8@8@5 Bsitions

nonmagnetic supstance Is segregated at grain boun es of magnetic

evaiBspoktiRptithrberdinpartopartiens afdfecicdignamagset dlayetorded,
are each a multilayer film in which layers of a Co compound and Pd

layBasBRPtegeidiagdayer, and

magnetic field shield portions formed between the plurality of hard
magnetic portions, respectively, wherein when magnetization curves are
measured, the magnetization curve of each magnetic field shield portion has a
slope greater than those of the hard magnetic portions in a region where an
applied magnetic field is zero, and a residual magnetic polarization of each
magnetic field shield portion is smaller than those of the hard magnetic portions.

2. A magnetic recording medium according to claim 1, wherein the
magnetic field shield portions are soft magnetic.

3. A magnetic recording medium according to claim 2, wherein the
magnetic field shield portions have an axis of easy magnetization in an in-plane
direction parallel to a main surface of the substrate.

4. A magnetic recording medium according to any of claims 1 to 3,
wherein:

the magnetic recording medium is a magnetic recording medium for
perpendicular magnetic recording,

the hard magnetic portions of the auxiliary magnetic layer are magnetic

regions that exhibit perpendicular magnetic anisotropy due to interface
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alternately laminated. 6. A method of manufacturing a magnetic recording
medium 15 comprising a substrate and a magnetic layer formed over the
substrate, the magnetic layer comprising a main recording layer for
recording a magnetic signal and an auxiliary magnetic layer magnetically
coupled to the main recording layer, tH¥method comprising: a main
recording layer forming step of forming the main recording layer, 20 and
an auxiliary magnetic layer forming step of forming the auxiliary magnetic
RpEneliRaRIBARRRYANEry magnetic layer forming step is a step of

forming ' ar i | tively
conesp o S B B e B e e e
FREgNeaid. region s16t v FRERIaiNg leyat rtareaa et eeiti Aleih AOsHems hard
respectively between the plurality of hard magnetic portions such that .
wagnetiagastieasancundeaexhihdssibei@ntialnagmaipansticolayeegnetic

h tic field shield portion has a 89 sl ter than those of
HRARPH YRt S6rEE TAERERAVREIERA appiied magnetic field i

zero, ang a IeHAAMANBESIIRRIFHERIAN aEesRIng RIARYOHBIdiRES do 4,

portion is smaller than those of the hard magnetic portions. 7. A method of
wizgngfacturing a magnetic recording medium according 5 to claim 6,
wherein the auxiliary magnetic layer forming_step forms a hard magnetic

layer andMfrAGRESCHABIONRYR Sredanes e ﬁe@@ﬁ&@ﬁéﬁé‘?&%ﬁ%@ which a
RIS SO A U SR IS 08 e

geeprding layer with a granular 10 structure in which nonmagnetic grain
boundary portions are formed between magnetic grains continuously

grown inhediiehmagsisdiseoanipaseighetriamiany opRanatgdareracerash a
Frkl]gltri?aa r}%i(r:nr{enc\c,)vrr%icl:'}gl? &%%qda'&%gggrtril%%ll}/nd and Pd layers or Pt layers are
alternately laminated.

6. A method of manufacturing a magnetic recording medium
comprising a substrate and a magnetic layer formed over the substrate, the
magnetic layer comprising a main recording layer for recording a magnetic
signal and an auxiliary magnetic layer magnetically coupled to the main
recording layer, the method comprising:

a main recording layer forming step of forming the main recording layer,
and

an auxiliary magnetic layer forming step of forming the auxiliary
magnetic layer,

wherein the auxiliary magnetic layer forming step is a step of forming a
plurality of hard magnetic portions respectively at positions corresponding to
recording regions, where magnetic signals are to be recorded, in the main
recording layer and magnetic field shield portions respectively between the

plurality of hard magnetic portions such that when magnetization curves are

measured, the magnetization curve of each magnetic field shield portion has a
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continuous in an in-plane direction of a nonmagnetic substrate are
stacked in this order over the substrate, the magnetic disk wherein: 15 at
least the magnetically coupling layer out of the magnetically coupling
layer and the magnetic recording layer comprises; a plurality of hard
magnetic portions respectively formed Q?positions corresponding to
recording regions, where magnetic signals are to be recorded, in the
magnetic recording layer, and 20 magnetic field shield portions formed

Dlenfgreaierdipiehp Rl thRGAMIRSIBHS PRAIASILR GeHRRRIRAN
ppahil i f
gl LR R S by

magnetie feldieheld poamansdinEdanthapplitst8etriindieltriagestc pations.
a residual magnetic polarization of each 25 magnetic field shield portionis
smaller tharAmastheflRfinaatdashiyingie PegirReis seqordimghersitisk according

di lai herein the hard ' ' in th
AR S P % PR, e JeliORg SuF R e g

F(ﬂe{ﬁﬁéﬁ&%%‘rﬁh?ﬁﬂi%ﬂi A1BEEnSBRANEBR PYARAE S NAfFmE5REHEdayer to

e magnetic recording layer and the soft magnetic portions are formed
gofiegiagaeatthe régpont @ aasaiod witld termagbetdmdisie eetoy fdimging them
8 or 9, wherein the soft 5 magnetic portions and the hard magnetic

Mﬁﬁg%friélfbﬁw%diﬁ%ir%@ﬂtric circles with respect to a center of the
d'Sk'Shaé’ed/?HPé:‘#"r?éﬁc Hek T RARS'S gﬂ%@ﬁgﬁﬁ?r%%ger%ghéy&e@;ﬁlg'&ﬁnular

8 to 10, wherein the magnetic recordin er an tica

spuptine iayehrte mo seTHgabtivitr siadbooineint BdrdoAgergnetia sisketween

according to any one of claims 8 to 11, wherein the magnetically coupling
ngenedateingIsGe AN CVCHPOT3VAImAGeiId Pec SiaaRe iediarmagnetically

cr:%%?a%agc 55929éﬁ?&gggtﬁgr{}%i%g%:netic recording layer and magnetically
continuous in an in-plane direction of a nonmagnetic substrate are stacked in
this order over the substrate, the magnetic disk wherein:

at least the magnetically coupling layer out of the magnetically coupling
layer and the magnetic recording layer comprises;

a plurality of hard magnetic portions respectively formed at positions
corresponding to recording regions, where magnetic signals are to be recorded,
in the magnetic recording layer, and

magnetic field shield portions formed between the adjacent hard
magnetic portions, respectively, wherein when magnetization curves are
measured, the magnetization curve of each magnetic field shield portion has a
slope greater than those of the hard magnetic portions in a region where an
applied magnetic field is zero, and a residual magnetic polarization of each
magnetic field shield portion is smaller than those of said hard magnetic
portions.

9. A magnetic disk according to claim 8, wherein the hard magnetic

portions in the magnetically coupling layer are formed at the positions
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a recording layer forming step of forming a magnetic recording layer
having at least one magnetic layer, and 15 an ion-beam irradiation step of
irradiating an ion beam on regions respectively between a plurality of
recording regions, where magnetic signals are to be respectively
recorded, in the magnetic recording Iay%Q, thereby forming soft magnetic
regions respectively between the plurality of recording regions in the
magnetic layer. 20 14. A magnetic recording medium manufacturing

FRETRSRCISBRLIAGS TERAINS (RGeM MHe TR dBRdTRORGHF Riemalg 3teo be
Aol A
F8E’6‘nggeh Hs}ﬁe%g]%ﬂ%éﬁ%% t gd?éﬁﬂﬁe%gee{faﬁﬁ'%ﬁ%aéSfﬁﬂgg}ggtIgﬁé’ﬁ@'ﬁ‘s are

irradia € sort mag IoNns naving an S O easy

foagBatiaaéeoiRsastiePinan theegbenigasallel to a main surface of the
substrate. 15. A magnetic recording medium manufacturing method

accordirifto Blaagnsiis diskvaseasmingtothiaiach @iy vayereioyihiegeliep
forms the magnetic recording layer having the magnetic layer that exhibjts
AR A s i D AR S PR AT ae - OFSRYTe
erddasVRRRepELI TBialiansien iRcTRibs albmagneiiateaions by 5
changing an interface state of the magnetic layer by irradiation of the ion
beam. 16. A Mmagigeriaticcdisidagronduiigrio raapiaetafioigimstBdd 10, wherein
according to any of claims 13 to 15, wherein; the recording layer forming

e nsanstinesraighes dawiornddhayerangling theqHRERG HRYY 8F grigtcontact

mitg&%ﬂ%rﬁ%pdicular magnetic anisotropy due 10 to interface magnetic
anisotropy, and the ion-beam irradiation step changes the regions

irradiatetpwittatheaipiethediskiadoeraiagnetiniayeictofreipns 1) exhititerein
substantially no perpendicular
the magnetically coupling layer contains at least CoCrPt.

13. A magnetic recording medium manufacturing method comprising:

a recording layer forming step of forming a magnetic recording layer
having at least one magnetic layer, and

an ion-beam irradiation step of irradiating an ion beam on regions
respectively between a plurality of recording regions, where magnetic signals
are to be respectively recorded, in the magnetic recording layer, thereby forming
soft magnetic regions respectively between the plurality of recording regions in
the magnetic layer.

14. A magnetic recording medium manufacturing method according to
claim 13, wherein:

the recording layer forming step forms the magnetic recording layer
over a substrate, and

the ion-beam irradiation step forms the soft magnetic regions having an
axis of easy magnetization in an in-plane direction parallel to a main surface of
the substrate.

15. A magnetic recording medium manufacturing method according to

claim 13 or 14, wherein:
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magnetic anisotropy due to interface magnetic anisotropy. 17. A magnetic
recording medium manufacturing method according to 15 any of claims
13 to 16, wherein: the magnetic layer of the magnetic recording layer is a
multilayer film, and the ion-beam irradiation step forms the soft magnetic
regions by forming an alloy of metals Ohtained in respective layers of the
multilayer film by 20 irradiation of the ion beam. 18. A magnetic recording
medium manufacturing method according to any of claims 13 to 17,

whereinttRdRatHieg Er‘é%b ARy neye ﬁfﬁ?&é@e&rﬂ%ﬂ%‘eém@@%@yer
F]%{V'Frﬁtlcal gégﬂgrl]%’g %Bu?é‘ ae %mg %@ggﬂ?%r@y Sran sotropy due

mag coup emanr er, an e lon- eam

tw@t@ﬁawtﬁagﬁ@ﬂ@mtbwdpﬂ b@am on the auxiliary magnetic layer,
thereby forming the soft magnetic regions substantially only in the

auxiIiar)lhﬁdgﬁebi%aayéfaﬁiaﬂﬁﬂw%’fﬁﬁafﬂfm%dm’ﬁ@flbmﬂ%ﬁiiW@giOﬂﬁé?y

RO FIFLEE SR S5 DA A L AOrIRY A € ogon bear.
Iayer withea ORRH48 héﬂé“?%@r&?ﬁ?jm‘?@b%rﬁ H%Wﬁ?&&ﬁ?’iﬁ%‘r‘ﬁ&ﬁlﬂ@ea&ordlng to

segregated at grain boundaries of magnetic grains, and the auxiliary
amggoietiaiienget 3sta iy lutbgesifitm in which layers of a Co compound and
Pd layers or Pt layers are alternately laminated. 20. A method of

manufadiGiRF A HAgIRYRMRBHNAFIRRRIMISNE MagnsierRfOIfing layer
fid ‘?88 B84 mhﬁ?%%%ﬁg%gfé%ﬂ%{}%ﬁﬁﬁ %%B%lﬂXSfropy due

ormirg step o orming a magnetic rec g layer "having a magnetic

iayaféhab@xh&gﬁemraﬁrwﬂuw raagnetic anisotropy due to

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

17. A magnetic recording medium manufacturing method according to
any of claims 13 to 16, wherein:

the magnetic layer of the magnetic recording layer is a multilayer film,
and

the ion-beam irradiation step forms the soft magnetic regions by forming
an alloy of metals contained in respective layers of the multilayer film by
irradiation of the ion beam.

18. A magnetic recording medium manufacturing method according to
any of claims 13 to 17, wherein:

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

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

the auxiliary magnetic layer out of the main recording layer and the auxiliary
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interface magnetic anisotropy, and an ion-beam irradiation step of
irradiating an ion beam on regions 15 respectively between a plurality of
recording regions, where magnetic signals are to be respectively
recorded, in the magnetic recording layer to change an interface state of
the regions, thereby changing the regicﬁ% irradiated with the ion beam in
the magnetic layer to regions that exhibit substantially no perpendicular
magnetic anisotropy due to interface magnetic anisotropy. 20 21. A
magnetie 1a@rding medium for a perpendicular magnetic recording

system, compLising:. a G recordir hayi iq | -
et oxvits ol e A e O RAIRSE BeHraing o
aaisetigpwheherein the magnetic layer comprises; 25 a plurality of hard
magnetic portions respectively formed at positions corresponding to

recordirig) @egidiNg 8RREIN enlRyRE iR SitpySs Wil B Wanedaretdctivens which a
magnetic recording layer and adapied tq exhibit perpendicular magnetic .
B3 i S R B PR G A Bty G B BTG T odcains.
fpgned between the plurality of hard magnetic portions, respectively, to
magnetically isolate the plurality of hard magnetic portions from each

other, thbésalatiliaryeymyrschiaviengeaisiatertatia peath miffe rehichiday énatodfa Co
the hard magnetic portions and adapted to exhibit substantially no 5

me& : %ﬁfsgfr@dﬁbﬁjérﬁoqﬁféﬁa@%@}'@i@ nisotropy.
22. A m%@f‘etﬁ rﬂ'é{ﬁ%‘%?'%ﬁd?&%ﬂﬁﬁlgu%egrgégﬁlﬁiw&dw g‘rn%g'ilﬂ#‘?“for a

structure in which nonmagnetic grain portions are me

petpEedicORGAHG H58H FEeeORHiNdOL\RYaRO iR ImathoWawrapabRRE and a
magnetically coupling layer magnetically coupled to the magnetic grains in
the 10 niaigestidi nectRyRi daEpErgstenaiiermingia Bragnelierecording layer

onmagnetic disk-sha ubstrate, the magnetic disk wherein: at least
G BRI b Tog ) X Ak 1R ARG ACAT Bt SE1opY e t
interface magnetic anisotropy, and
an ion-beam irradiation step of irradiating an ion beam on regions
respectively between a plurality of recording regions, where magnetic signals
are to be respectively recorded, in the magnetic recording layer to change an
interface state of the regions, thereby changing the regions irradiated with the
ion beam in the magnetic layer to regions that exhibit substantially no
perpendicular magnetic anisotropy due to interface magnetic anisotropy.
21. A magnetic recording medium for a perpendicular magnetic
recording system, comprising:
a magnetic recording layer having a magnetic layer that exhibits
perpendicular magnetic anisotropy due to interface magnetic anisotropy,
wherein the magnetic layer comprises;
a plurality of hard magnetic portions respectively formed at positions
corresponding to recording regions, where magnetic signals are to be recorded,
in the magnetic recording layer and adapted to exhibit perpendicular magnetic

anisotropy due to interface magnetic anisotropy, and
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layer and the magnetic recording layer comprises hard magnetic portions
and soft magnetic portions alternately adjacent to each other in a radial
direction of 15 said substrate. 23. A magnetic disk according to claim 22,
wherein the hard magnetic portions in the magnetically coupling layer are
formed at positions corresponding to r@gording regions, where magnetic
signals are to be recorded, of the magnetic recording layer and the soft
magnetic portions are formed in 20 regions other than the positions. 24. A

magnetROAIOBCEHANY RDBthPomGerathG iRt O'sBRrhirgaegEc portions,

RRSCR A, (el At R R BTIREHENE IR, from
aaenreingriaranseRgich ekyaR40ird anheteihctbdizecaenelit from that of

recording layer and the magnetically coupling layer are in contact with

Hechastheragselicrhatieii anskadapienng exaiyitsbsactialy 22 to 25,
P H S R g R A e et

22. A magnetic disk in which a magnetic recording layer with a
granular structure in which nonmagnetic grain boundary portions are formed
between magnetic grains continuously grown in a columnar shape and a
magnetically coupling layer magnetically coupled to the magnetic grains in the
magnetic recording layer are stacked in this order over a nonmagnetic
disk-shaped substrate, the magnetic disk wherein:

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

23. A magnetic disk according to claim 22, wherein the hard magnetic
portions in the magnetically coupling layer are formed at positions
corresponding to recording regions, where magnetic signals are to be recorded,
of the magnetic recording layer and the soft magnetic portions are formed in
regions other than the positions.

24. A magnetic disk according to claim 22 or 23, wherein the soft
magnetic portions and the hard magnetic portions are formed in concentric
circles with respect to a center of the disk-shaped substrate.

25. A magnetic disk according to any one of claims 22 to 24, wherein
the magnetic recording layer and the magnetically coupling layer are in contact
with each other.

26. A magnetic disk according to any one of claims 22 to 25, wherein

the magnetically coupling layer contains at least CoCrPt.



