1 MAGNETI C RECORDI NG MEDI UM AND METHOD FOR MANUFACTURI NG MAGNETI C RECORDI NG
MEDI UM Thi s application is based upon and clainms the benefit of priority
from Japanese patent application No. 2006-262809, filed on Septenber 27,
2006, the disclosure of which is incorporated herein in its entirety by
reference. BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention relates to a magneticlrecording nmediumand a nethod for
manuf acturing a magnetic recording nedium 2. Description of the Related Art
In recent years, the information-oriented society has becone sharply

advanced. Magnetic recordi ng apparatuses arenéé ified by a hard disk drive
(HDD) . Magnet ih&AGN&FéCrﬁEGOgﬂélNG MEPIUM AND QDFREMANWBFACTURINGhes
and an information recording | eed] 200 gi gabytes per disk. In
order to nmeet these needs forﬁmfhﬁgmgb%&ﬂﬁgaﬂﬁon of information
recording density (areal density) exceeding 200 gigabits per square inch
(200 @oit/in2) is required. A perpendicular magnetic recordi ng system
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the linear density needs to realize well- balanced three Tactors, a

reduction of nmagnetic transition region noises of a recording |ayer, an
| mprovenent of thermal stability of recorded signals, and recording ease.
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The present invention relates to a magnetic recording medium and a
method for manufacturing a magnetic recording medium,

2. Description of the Related Art

In recent years, the information-oriented society has become sharply
advanced. Magnetic recording apparatuses are typified by a hard disk drive
(HDD). Magnetic disks have been required to have a diameter of 2.5 inches
and an information recording capacity exceeding 200 gigabytes per disk. in
order to meet these needs for magnetic disks, realization of information
recording density (areal density) exceeding 200 gigabits per square inch (200
Gbit/in?) is required. A perpendicular magnetic recording system including a
double-layer perpendicular medium and a single-pale head can exhibit high
recording resolution and therefore, has been researched as a next-generation
high-density recording system.

An improvement of the area! density of the magnetic recording disk is
achieved by an improvement of the linear density and an improvement of the
track density. The improvement of the linear density needs to realize well-
balanced three factors, a reduction of magnetic transition region noises of a

recording layer, an improvement of thermal stability of recorded signals, and

recording ease. For the purpose of realizing them, heretofore, coupled granular



| ayers have been proposed (refer to, for exanple, US patent No. 6468670 Bl).
In such CGC nedia, magnetic transition region noises can be reduced by

using a granular layer as a main recording layer. In the granular |ayer,
nonmagneti ¢ substances have segregated at grain boundaries of magnetic
crystal grains. Thus, the influence of the nagnetic transition region can be
substantially elimnated in the main recording |layer. Further, the thermal
stability of recorded signals can be inproded by using a continuous film

| ayer as an auxiliary recording |ayer. The continuous filmlayer has
magnetic bonding strength in a direction parallel to a main surface of a
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an increase in recording density of the CGC nedium can be achieved. I'n

recent years, an dnsheh@GE€medg, magnetic transitidh nggion seldesnaarisd reducedst on
a granul ar layer, an exchange coupl ed coggosite, and the |ike have been

known as confUsjog atgrenular iayes@staomaimeecording iayer.i timthei grianalarayerf or exanpl e,
the function of the continuous film|ayer of the CGC rredi_um'(refer to, for
exanpl e, | EEET9R{AagnQligsHbslgnceshavegedragated at grajn beupdaries of magosiic
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exanple, in the CGC nedia and the |ike, the values of recorded signals
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film layer and the granular layer are magnetically exchange-coupled, and the
magnetization of the continuous film layer is pinned by the magnetization of the
granular layer. In this manner, an increase in recording density of the CGC
medium can be achieved.

In recent years, an exchange spring medium inciuding a soft magnetic
layer on a granular layer, an exchange coupled composite, and the like have
been known as configurations for performing the function similar to, for example,
the function of the continuous film layer of the CGC medium (refer to, for
example, [EEETrans, Magn: Vol. 41, No. 10, pp 3166-3168, Oct. 2005).
Hereinafter, these configurations are referred to as CGC media and the like.

The exchange coupled composite may also be referred to as a hard/stacked

medium.

SUMMARY OF THE INVENTION

The inventor of the present invention found out that the control of the
magnetic recording region in a track width (erase width) direction is very difficult
in the CGC media and the like as compared with the control in the case where,

for example, no continuous film layer is included but merely a granular layer is



extend in the track wdth direction. Consequently, a reduction of track edge
noi ses often beconmes difficult. The reason for this is as descri bed bel ow.
The continuous filmlayer and the soft magnetic |ayer are auxiliary
recording layers for playing a supplenentary role relative to the granul ar

| ayer serving as a main recording |ayer, and have nmagnetic bondi ng strength
in a direction parallel to the main surface of a substrate. Therefore, a
recordi ng region expands when viewed froma head. This expanded portion
relative to the recording region is a gray region. An increase of this
regi on corresponds to an increase of the. track wdth. Consequently, in the
CGC nedi a andntlbdedi Fer exampleirmtten8GC piedizhand thalike, dem vblugsofyetbmdede
difficult. Accordingly, it is an object of the present invention to provide
a magnetic r&ignalgibegomenalueubetvaentband dliniagrayregiabothe graysegioadnay obl ens
and a method for panufacturjng. a nagnﬁ%%c recordi ng medi um The inventor of
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to solve the above- described problens, the present invention has the
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per pendi cul ar magnetic recording, .9 co_rrBri Si ngbngsfi rst magnetjc |ayer

whi ch has magdayiregiepy Anincepasenf thigfegiopicogres to an incredse of the frac
width. Consequently, in the CGC media and the like, an improvement of the

track density may become difficult.

Accordingly, it is an object of the present invention to provide a magnetic
recording medium useful for solving the above-described problems and a
methad for manufacturing a magnetic recording medium.

The inventor of the present invention conducted intensive research and
found out that in CGC media and the like, formation of grooves or the like at
track edges is able to appropriately suppress expansion of gray regions of
recorded signals in the track width direction without impairing advantages, such
as a reduction of magnetic transition region noises, an improvement of thermal
stability of recorded signals, and recording ease, of the CGC media and the like.
Consequently, track edge noises are reduced so that the track density can be
increased. Further, it was found out that similar effects are able to be obtained
in the following structure including a first magnetic layer and a second magnetic
layer, besides the CGC media and the like. In order to solve the above-
described problems, the present invention has the following structures.

(Structure 1)

A magnetic recording medium for perpendicular magnetic recording,



per pendi cul ar magnetic ani sotropy and nonmagneti ¢ substances for
magnetical ly separating the magnetic crystal grains fromeach other at grain
boundaries of the magnetic crystal grains; a second magnetic |ayer which has
magneti c grains exchange-coupled to the magnetic crystal grains, a grain
boundary wi dth of the magnetic grains being smaller than a grain boundary
w dth of the magnetic crystal grains, and éeparation regi ons which
magnetical ly separate tracks fromeach other and which are disposed in

regi ons between the tracks of the magnetic recording nmediumin at |east the
second magnetic | ayer. The grain boundaries of magnetic crystal grains refer
to, for exanplemprisiegi ons having an irregular atonic arrangenent at

boundari es between nagnetic crystal grains. The separation regions may be
di sposed in regi oddirstyaagnetic layebwhiahghas magnetic ceystal graine exhibitingt i on regi on
magnetical ly recording bits fromeach other in the tracks. The
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medium In at least the second magnetic layer.
The grain boundaries of magnetic crystal grains refer to, for example,
regions having an irregular atomic arrangement at boundaries between
magnetic crystal grains. The separation regions may be disposed in regions
between recording bits in fracks. The separation region magnetically separates
recording bits from each other in the tracks.
The above-described structure can reduce magnetic transition region
noises because, for example, magnetic crystal grains in the first magnetic layer
are magnetically separated from each other by nonmagnetic substances.
Pinning of magnetization of the second magnetic layer by magnetization of the
first magnetic layer can increase the density. Further, the thermal stability of
recorded signals can be improved by, for example, decreasing the width of grain
boundaries of magnetic grains in the second magnetic layer to be exchange-
coupled to magnetic crystal grains. Such a structure can also appropriately
achieve recording ease of sighals. With such a structure, the linear density of
magnetic recording can be appropriately improved.
According to such a structure, formation of separation regions in at least

the second magnetic layer can suppress expansion of gray regions of recorded



density can be appropriately increased. The track refers to a region in a
magneti c recordi ng nmedium and magnetic signals are recorded on the region.
The track is extended in a direction of scanning of a head relative to the
magneti c recording medium In the nagnetic recording nedium for exanple, a
plurality of tracks are disposed in a such manner that predeterm ned spaces
are fornmed between adjacent tracks. In thg case where the nagnetic
recording mediumis a nmagnetic disk, a plUurality of tracks are di sposed
concentrically around the center of the magnetic disk. The regi on between
tracks nmeans a gap regi on between adjacent tracks. This nagnetic recording
nmediumis a csigpaledn theatratlawidth diireotion iny dorsexap@ite) CEimetia And thmlkdss an
exchange spring nedi um an exchange coupled conposite nmedium or the like.
The per pendi c¥Elkr Congeauendlyatiacloedgpyoisesare redycedan thisatmictyresadhet frack

ani sotropy in,whi.ch a magnetic ppnment tends to point in a direction

per pendi cul ardgRsity C@é‘ibﬁgﬂ?ﬁo&&'@t Ingraasedh r ate. The phrase "magnetical ly

separate magnetic.grystal qrains fromeach other” refers to the fact that,
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grains in which th irection of nmagnetic nonent 1s reversed in accordance

with a signal theanlignétireicdrilng Wsdifim; for xaeis, & plufdiy of Richeare disFosed
(granul ar |l ayer) having a granular structure in which the nonmagnetic

subst ances i ninténsudtomanagr that peedetemined rspgees dreaformedibetheenddjacent of t he
magnetic crystal grains. The separation regions are disposed in the second
magnet i c | ayetracksorindhe gpse where the magnetiareqrsding mediveeis aamagnetindiskhe 6
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magnetic disk. The region between tracks means a gap region between adjacent tracks.

This magnetic recording medium is a coupled granular and continuous
(CGC) medium, but may be an exchange spring medium, an exchange coupled
composite medium, or the like.

The perpendicular magnetic anisotropy refers to, for example, magnetic
anisotropy in which a magnetic moment tends to point in a direction
perpendicular to a main surface of a substrate. The phrase "magnetically
separate magnetic crystal grains from each other" refers to the fact that, for
example, a magnetic exchange interaction between magnetic crystal grains is
weakened so that the magnetic erystal grains are substantially prevented from
being exchange-coupled to each other.

The magnetic ¢crystal grains in the first magnetic layer are, for example,
magnetic crystal grains in which the direction of magnetic moment is reversed in
accordance with a signal to be recorded. The first magnetic layer may be a
layer (granular layer) having a granular structure in which the nonmagnetic
substances in the form of oxides are segregated at grain boundaries of the
magnetic crystal grains. The separation regions are disposed in the second

magnetic layer. For example, grooves are disposed between and along the



| ayer through a patterning nethod by using nanoinprint, |ithography,
mechani cal processing, or the |ike. The separation regions may al so be
formed by changing the crystal structure of a part of the second magnetic
| ayer by, for exanple, ion irradiation. The magnetic grains in the second
magnetic | ayer may be crystallized magnetic crystal grains. In this case,
grai n boundaries of the magnetic grains irﬁ the second nagnetic | ayer refer
to grain boundaries of the magnetic crystal grains. In the case where
magneti c grains do not becone crystals because, for exanple, the second
magnetic |layer is thin, grain boundaries of the nmagnetic grains neans, for
exanpl e, regitanksdo dogseparation mpgions.i F¥he gepmvestradgheticatigzeparité dratratignet i ¢
grains having identical easy-to-magnetize axes. The phrase "the grain
boundary wi dtfferofeachetherynEhe grogves ase farmeg bynpattarningithe seicand oiagriedic
magnetic crystal grains of the first nagnetic |layer" also includes the case
where, for €& Eoughya ratteding methed by usiagananoimprintylithograrhyng an
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including a c8inh O i?rbbmiéﬁyer on a granul ar |ayer, the thickness of a
per pendi cul ar magnetic recording layer including the granular |ayer and the

continuous filml Wmhgneﬁ@g(aﬁ@mhé,se&émﬂ fhagh@tib lyeYrhdy b TRREIIZY t he
per pendi cul ar magnetic recording | ayer having such "a thi'ckness, i1t iIs

difficult to rhagnetacrystal gegins.atn this cass, gosin iboundaries ofithieanagnetit gvathsha i n
both the granular layer and the continuous filmlayer. For exanple, in the
case where sdpgrsecond magnedisdayargefastognin poundgiesotihefroagnetiperystehl | y
separating tracks fromeach other in both the (gnrpznul ar |ayer and the

conti nuous f igrﬁiﬂsaﬂﬁrtpeﬁéﬁﬁﬂ‘f e5® MAINELE SERing degt bere taspecause, for
example, the second magnetic layer is thin, grain boundaries of the magnetic

grains means, for example, regions occupied by impurities deposited between
uniform magnetic grains having identical easy-to-magnetize axes. The phrase
“the grain boundary width of the magnetic grains being smaller than that of the
magnetic crystal grains of the first magnetic layer” also includes the case where,
for example, the second magnetic layer is a layer having an amorphous
structure or the like and substantially no grain boundary is present in the second
magnetic layer.

(Structure 2)

The separation regions are disposed substantially only in the second
magnetic layer of the first magnetic layer and the second magnetic layer.

In the CGC media and the like including a continuous film layer on a
granular layer, the thickness of a perpendicular magnetic recording layer
including the granular layer and the continuous film layer is, for example, 15 to
20 nm. With respect to the perpendicular magnetic recording layer having such
a thickness, it is difficuit to form narrow separation regions having
predetermined widths in both the granutar layer and the continuous film layer.

For example, in the case where separation regions are formed by



when the thickness of the perpendicul ar magnetic recording | ayer increases.
However, in the case where a groove having a predetermned width is forned,
if the ratio of the depth to the width increases, it beconmes difficult to
keep the precision of the width. Further, in the case where the separation
regions are fornmed by, for exanple, ion irradiation, deeper ion
implantation is required when the thicknegs of the perpendicul ar magnetic
recording |layer increases. As a result, expansion of the separation region
increases in the width direction, and it becones difficult to keep the
precision of the wdth of the separation region. Consequently, in the
nmagnet i ¢ r eco8tiavgs ferdnaanetically sengrating teasks drom cach ipther iniboth theegrasulac

ion regions may not be
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first magnetic layer and the second magnetic layer, the separation regions may

not be appropriately formed in the regions between the tracks if the

perpendicular magnetic recording layer comprising the first magnetic layer and

the second magnetic layer is increased in thickness.

On the other hand, the inventor of the present invention conducted
intensive research and found out that expansion of gray regions of recorded
signals in the track width direction is able to be appropriately suppressed by
forming separation regions merely in the second magnetic layer even when
separation regions are not disposed in both the first magnetic layer and the
second magnetic layer. According to this structure, the separation regions can
be formed with high precision. Consequently, the track density can be
appropriately improved.

The phrase "forming separation regions substantially merely in the
second magnetic layer” includes the case where, for example, separation
regions are also disposed in a part of the first magnetic layer within a range of

not affecting precision nor man-hour of formation of the separation regions.

Preferably, the second magnetic layer is a multilayer film. In this case, for



the multilayer film Further, in the case where, for exanple, separation
regions are fornmed by changing the crystal structure of a part of the
second magnetic layer by ion irradiation, the crystal structure becones
easy to change. (Structure 3) The grain boundary wi dth of the magnetic
crystal grains in the first magnetic layer is 2 nmor nore, and the grain
boundary wi dth of the magnetic crystal grg@ins in the second magnetic |ayer
is 1 nmor |ess. According to such a structure, for exanple, magnetic
transition region noises can be reduced by increasing the width of grain
boundaries of the nmmgnetic crystal grains in the first magnetic |ayer.
Further, the SX3Epie) théisgernd magnsticlayeris easiy prmed intora thinnerdayardly by
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According to such a structure, for example, magnetic transition region
noises can be reduced by increasing the width of grain boundaries of the
magnetic crystal grains in the first magnetic layer. Further, the thermal stability
of recorded signals can be improved by decreasing the width of grain
boundaries of the magnetic grains in the second magnetic layer. Consequently,
the recording density of the magnetic recording medium can be appropriately
increased in this structure,

(Structure 4)

The separation regions comprise grooves for magnetically separating the
tracks from each othar and the grooves are disposed along the tracks in the
second magnetic layer. With this structure, the tracks can be appropriately
magnetically separated from each other.

For example, the depth of this groove is adequate for penetrating the
second magnetic layer. The tracks can be appropriately magnetically separated
from each other in this structure. Alternatively, the depth of this groove may be
up to some midpoint of the thickness of the second magnetic layer insofar as
the tracks can be magnetically separated from each other with required
precision. For example, in the case where the second magnetic layer is a

multilayer film, the depth of this groove may be at a level adequate for reaching



The magnetic recording medium further conprising: a substrate for disposing
the first magnetic | ayer and the second nagnetic |ayer, wherein the
magnetic grains in the second magnetic |ayer exhibit perpendicul ar nagnetic
ani sotropy and are exchange-coupled to each other wth a strength | arger
than a bonding strength between the magnetic crystal grains in the first
magnetic layer in a direction parallel to g mai n surface of the substrate,
and the magnetic crystal grains in the first nagnetic |ayer and the magnetic
grains in the second magnetic | ayer are exchange-coupled to each other in a
di rection perpendicular the main surface of the substrate. According to this
structure, tha pastgsfdhyeratin tire pfultiidyerdidrmond nmagnetic |ayer can be
appropriately pinned by the magnetic crystal grains in the first magnetic

| ayer. Further, th&ttueturedl) stability of recorded signals can be inproved
by a magnetic exchange interaction between the magnetic grains in the
second nagnetic | alke mageetie deratding medium, dethefi cognptising:t y of the nagnetic
recording nmediumis allowed tog ag roprigtely increase in this structure,
(Structure 6) The 3 pHRstratgdpedise ﬁﬁq e first piagnete layeyiang the seeend ar
structure and_the .nonnmagnetic substances in the form of oxides are

segregat ed at"&ﬁ@?ﬂc Hs5imdari es of the magnetic crystal grains, and the

g o ._ : e _cCf N g
po T averador by | SWfErelrdtfe mAGhER: Gidind inThe SEREAG WkhrBRc ST AR | PYCrS AN
recordi ng mdbé?énﬂicdﬂ*mﬁéﬁéﬂ?ﬂ @nis&r%ﬁaea}@aichﬁhae-édﬁﬂég;«do ééc%thé; y of

recorded signals can be particularly appropriately™inpr according to
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region is disposed in regions between tracks, in particular, gray regions

of recorded spraivs in thedosbmegestit layexipeandiréctionraraiieldé avndinhsulfacesfitbe
substrate, and

the magnetic crystal grains in the first magnetic layer and the magnetic
grains in the second magnetic layer are exchange-coupled to each other in a
direction perpendicular the main surface of the substrate.

According to this structure, the magnetization of the second magnetic
layer can be appropriately pinned by the magnetic crystal grains in the first
magnetic layer. Further, the thermal stability of recorded signals can be
improved by a magnetic exchange interaction between the magnetic grains in
the second magnetic layer. Consequently, the recording density of the
magnetic recording medium is aliowed to appropriately increase in this structure,

(Structure 6)

The first magnetic layer is a layer having a granular structure and the
nonmagnetic substances in the form of oxides are segregated at grain
boundaries of the magnetic crystal grains, and

the second magnetic layer is a laminated film comprising Co compound
layers and Pd layers or Pt layers which are alternately laminated.

This magnetic recording medium is, for example, a CGC medium. The
thermal stability of recorded signals can be particularly appropriately improved

according to such a structure, However, in the case where, for example, no



as conpared wth those in, for exanple, an exchange spring nedi umand an
exchange coupl ed conposite nmedium On the other hand, according to such a
structure, track edge noi ses are reduced so that the track density can be
appropriately inproved. Consequently, a magnetic recordi ng nmedi um exhi biting
particularly excellent characteristics can be produced. (Structure 7) A
magneti c recordi ng nmedi um for perpendi cul §E magneti c recordi ng, conprising:
a substrate; a first magnetic |ayer which has magnetic crystal grains
exhi biting perpendicul ar magnetic ani sotropy and nonmagneti c substances for
magnetically separating the magnetic crystal grains fromeach other at grain
boundari es ofSapasaiigmyregion isctigresad igrrapiops betweentracks gn particularygraywhi ch has
magneti c grai hs_excf}ange-coupl ed to the magnetic crystal grains and
exchange- couplé@iPnspidgcardedisignals bﬁcwgﬁa@ug@ xpand jether width direetipn
strength between the etic crystal grains in the first netic layer in
a direction p3} g?qngpre[r%\%ﬁhmqsg ’Quﬁ&&@ e-tﬁﬁ’&@ﬁ&ﬂ?ﬁ%’?%ﬂ%ﬁ@‘bﬁm #hon
regi ons which [ S t her nd ich are
i Sposed i rehnange sERRlol SFRASHeTHbERES " e ha . Boer @i R i
at |least the ' r | ' ! further
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di sposed in regions between recor racks. ording to this

structure, fospsrspralety iniprevéd.c Oohbeglertyl htnyagﬁetib_eréeé% W}Hﬂﬂﬁ'e&h%ﬁﬁ!gbe

i nproved by exchange coupling between magnetic grains secon
magnet i ¢ | ayepartiColasg exeelldnt chafdoteristics icahlbarprodutde ef fects of the

structure 1 can be obtained in this structure. (Structure 8) 11 A nethod

for manufacturing (§tmatg_met7_ﬂc recordi ng medi um for perpendi cul ar nagnetic

recording, compri Sﬂi\ pn%gtngﬁc ?’égoegingfrhédium for perpendicular magnetic recording, -
comprising:

a substrate;

a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;

a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains and exchange-coupled to each other with a strength
larger than a bonding strength between the magnetic crystal grains in the first
magnetic layer in a direction parallel to a main surface of the substrate; and

separation regions which magnetically separate tracks from each other
and which are disposed in regions between the tracks of the magnetic recording
medium in at least the second magnetic layer. The separation regions may be
further disposed in regions between recording bits in the tracks.

According to this structure, for example, the thermal stability of recorded
signals can be improved by exchange coupling between magnetic grains in the
second magnetic layer. Consequently, effects similar to the effects of the
structure 1 can be obtained in this structure.

(Structure 8B)



formng a first magnetic | ayer which has magnetic crystal grains exhibiting
per pendi cul ar magneti c ani sotropy and nonmagneti c substances for
magnetically separating the magnetic crystal grains fromeach other at grain
boundaries of the nmagnetic crystal grains; formng a second nagnetic | ayer
whi ch has magnetic grains exchange- coupled to the magnetic crystal grains,
a grain boundary wi dth of the magnetic grﬁi ns being smaller than a grain
boundary width of the magnetic crystal grains; and form ng separation

regi ons which magnetically separate tracks fromeach other in regions
between the tracks of the magnetic recording nediumin at |east the second
magnetic | ayer. | iAmethodfotmeanufatiudops magnétic recording mddiemtfer of t he

structure 1 can be obtained, (Structure 9) A nmethod for manufacturing a
magnet i ¢ r ecob@PERdictiarmagnatic reepiginglicompsisingajectters pticor di ng, conpri si ng
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strength | ar 986uﬁd§%l@_saofltiﬁ§'¢ﬁd§3\e%r hiyrB@gween the magnetic crystal grains
n a

in the first magnetic |ayer i irection parallel to a main surface of
the substrate; arfdrrhipia SecarepRBghetlayesivbith Wé wagRBeRgidisabkchangear at e

tracks fromeach 12 other in regions between the tracks of the magnetic
recor di ng rmedcaupled tathe inagpetic brystab goaids,nagrain bouhdgrywidthmoftthe snagnetier
effects simlar to the effects of )
grains being smaller than a grain boundary width of the magnetic crystal grains:
and
forming separation regions which magnetically separate tracks from each
other in regions between the tracks of the magnetic recording medium in at
ieast the second magnetic layer. In this manner, effects similar to the effects of
the structure 1 can be obtained,
(Structure 9)
A method for manufacturing a magnetic recording medium for
perpendicular magnetic recording, comprising the steps of;
preparing a substrate;
forming a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;
forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains and exchange-coupled to each other with
a strength larger than a bonding strength between the magnetic crystal grains in
the first magnetic layer in a direction parallel to a main surface of the substrate;

and

forming separation regions which magnetically separate tracks from each



the structure 7 can be obtained. (Structure 10) A magnetic recordi ng nmedi um
conprising a recording layer including an auxiliary recording |layer and a
mai-n recording | ayer, wherein the auxiliary recording |layer has nagnetic
portions corresponding to recording bits and separation portions for
separating the magnetic portions fromeach other, and the main recording

| ayer are divided into regions serving asjsecording bits by a magnetic

i nfluence exerted by the auxiliary recording |ayer, The separation portions
magnetically separate, for exanple, the magnetic portions fromeach other.
The separation portions nmay spatially separate the magnetic portions from
each other. TREmAJAIONS qﬁéﬂﬁﬁ?@)ﬂlﬁ E@‘F'ﬁa@ébﬁdﬂ?ﬂj‘l&ﬂ@ reeersing mgditirén akfer to

regions in which magnetic signals are recorded, and are nagnetic portions
of the recoﬂ%@ééh%ﬁgg‘?n H@gﬂggﬁﬁaﬁ%dnﬁf“ﬁ@ﬁ?@ﬁ% &Ih simiade dhe affeets ef each

other in, for I track nd patterned (bit patterned) nedium The
separati on pc}p?sﬁﬁg&régm%%ﬁpﬂgnetic portions on a track or recording
bit basis, for exgﬂﬂ!:&ure ording to this structure, the recording | ayer
can be partitioned on a mag‘?letic portion corresponding to recording bit

basis so as to foNmbhReti@ERIdiAg rﬁéﬁ%cﬁd?lgpﬁgﬁ e diﬁgg?ﬂﬁ(ﬁ%ﬁ?@qﬁently

fdi
di screte track recording (DITR) nedi um or erne
the mai n recaulliagy revedingdsysremdeamaih eecarémgrigydrn regi ons i ncl udi ng

magnetic portions of the auxiliary recording layer. (Structure 11) A
magnet i ¢ ani sot r omhereindheauxiianofecohding isyier ihas ynagreticqiamjonsayer is | arger
than a magneti c ani sotropy constant Ku of the main recording | ayer,
Accor di ng t o adifespendingttarrecording bitegand sepatation perionafeseparating thexi | i ary 13
recording layer i Sticdegrgi(e)ﬁss.?rgmi gac. glt hertaondt hereby reduce nmagnetic transition
regi on noi segNagnUCcp -
the main recording layer are divided into regions serving as recording bits
by a magnetic influence exerted by the auxiliary recording layer. The separation
portions magnetically separate, for example, the magnetic portions from each
other. The separation portions may spatially separate the magnetic portions
from each other.
The magnetic portions corresponding to recording bits refer to regions in
which magnetic signals are recorded, and are magnetic portions of the
recording bits. The recording bits are regions separated from each other in, for
example, tracks and patterned (bit patterned) medium. The separation portions
separate the magnetic portions on a track or recording bit basis, for example.
According to this structure, the recording layer can be partitioned on a magnetic
portion corresponding to recording bit basis so as to form the magnetic
recording medium as, for example, a discrete track recording (DTR) medium or
a patterned medium. Consequently, the main recording layer becomes easy ta
record in regions including magnetic portions of the auxiliary recording layer.
(Structure 1)
A magnetic anisotropy constant Ku of the auxiliary recording layer is
{arger than a magnetic anisotropy constant Ku of the main recording layer.

According to this structure, the magnetic wall generated in the auxiliary



(Structure 12) The main recording | ayer has a granular structure. According
to this structure, nagnetic transition region noises can be reduced by
substantially elimnating the influence of the magnetic transition region
in the main recording layer. (Structure 13) The recording layer is a

per pendi cul ar magnetic recording layer. According to this structure, a high
recordi ng density can be realized. (Struggure 14) The magnetic portion of
the auxiliary recording |layer is exchange-coupled to the main recording

| ayer. According to this structure, the recording |ayer can be
appropriately paéhltlone I n accor dance mnth t he regi ons including magnetic

portions of t¥REOEIRG Jayef is decreased i Vil fo thesely mdugernagnatiiransitian

i nventi on, for exa |le, the track density can be increased by reducing
track edge nofeQRN NYIEPEE DESCRI PTI ON OF THE DRAW NGS Fi g. 1 is a diagram

showi ng an exanpl ﬁgﬁh @2% i)ructure of a magnetic recording nmedium
according to an e £ f the present invention; Fig. 2A is a diagram

for illustrating t'ﬁ'ge ﬁ%ﬂpﬁetciofdlﬁ "i‘éfé‘fth%'é' %r‘af:y%fr s’lrﬂ‘é%ur R neéglﬁgrtgﬁ‘ﬂéd' ng

mediumin detail an ows rmagneti-zati on erns o signhal s

recorded on asfriciGte, middhetidBranditdntegnHBidey can bé'?édl@éécﬂﬂj SinsseameEngt | C

characteristic of the nagnetic recording mediumin detail and shows the

magneti ¢ char elirhipiatiag tite fluehbe ofth@hpseticranshicrgragioh inthefmgin réfording
diagramfor illustrating the effect of formation of separation 14 regions

and shows a rlayer.ding pattern of a granular medium Fig. 3B is a diagramfor
illustrating the effect of formation of separation regions and shows a
recording pattern (Srugt@ddh CGC nedi um

The recording layer is a perpendicular magnetic recording layer.
According to this structure, a high recording density can be realized.

(Structure 14)

The magnetic portion of the auxiliary recording layer is exchange-coupled
to the main recording layer. According to this structure, the recording layer can
he appropriately partitioned in accordance with the regions including magnetic
portions of the auxiliary recording layer,

According to the present invention, for example, the track density can be

increased by reducing track edge noises.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing an example of the structure of a magnetic
recording medium according to an embodiment of the present invention;

Fig. 2A is a diagram for illustrating the magnetic characteristic of the
magnetic recording medium in detail and shows magnetization patterns of
magnetic signals recorded on a track;

Fig. 2B is a diagram for llustrating the magnetic characteristic of the
magnetic recording medium in detail and shows the magnetic characteristic of
the magnetic recording medium;

Fig. 3Ais a diagram for illustrating the effect of formation of separation



Fig. 4A is a diagramshowi ng a nodified exanple of the magnetic recording
medi um and shows the structure of a nagnetic recordi ng nmedium having an
exchange spring nedium structure; and Fig. 4B is a diagram show ng a
nodi fi ed exanpl e of the nmagnetic recording nediumand shows the structure
of a magnetic recording nmedium having an exchange coupl ed conposite
structure. DESCRI PTI ON OF THE PREFERRED E{VBODI MENTS The enbodi nents
according to the present invention will be described below wth reference
to the drawings. Fig. 1 shows an exanple of the structure of a magnetic

recordi ng nmedium 10 _accordi ng to an ent‘%gdi nt of the present invention.
The magnetic rf*%'(?B?(ﬁnﬁgs ﬂ?%dﬁng Ratiesy ggigtfa'ﬁf-i"@k"‘@ﬂ'%hbl e- |layer
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& S0t magnet ] ayne e e ARLETREm B AR MBI ragneti ¢
recording layer Sfig amial @abhatf shauia £ fodiidh Exariy (GR8 mAdhetle 26 10 this
order. The perpendicul ar naghetic recording | ayer as a dranul ar | ayer

20, a coupl i mgcomding mieditry @ahdZhowate arefire B aURabFtR redbrdidd methligt rate 12
I's, for exanple, substrate glass. Exanples of the substrate glass include

al umi nosi | i cdtaving as exchange spring medium atrectyreismd and  soda-tine gl ass.
Anong them the alumnosilicate glass is preferable. Al ternatively,
anor phous gl ass ofi@ipsisa diageamghawingamastified examplsr ofdhamagnetici n the case

where the soft netic.|layer, 16 h an aporphous structure, it is
preferabl e t Hﬁ?g'%ﬁ'ég e 2nd %To%‘gtﬁﬁg'&’ﬁw %Iﬁ’gésmgg%%@ regquding meghum
chemcally i 1 engt, L ed gl i referable because the rigidity is =~
hi gh. Pr eferjﬁvﬁggﬂgkgﬁ%ggecgo@%%ﬁ%@%ggﬁ? Sﬁﬁ%‘”%i n surface of the substrate
12 is 6 nmor less in terns of Rmax and 0.6 nmor less in terns of Re. Rmax
and Ra are defined in Japanese Industrial Standards (JIS). Such a snooth

surface DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments according to the present invention will be described
below with reference to the drawings. Fig. 1 shows an example of the structure
of a magnetic recording medium 10 according to an embodiment of the present
invention. The magnetic recording medium 10 is a magnetic disk of double-
layer perpendicular medium system to be mounted on a hard disk drive (HDD)
of perpendicular magnetic recording system.

In the present example, the magnetic recording medium 10 includes a
substrate 12, an adhesion layer 14, a soft magnetic layer 16, an underlayer 18,
a perpendicular magnetic recording layer 30, a protective layer 26, and a
lubricant layer 28 in this order. The perpendicular magnetic recording layer 30
has a granular layer 20, a coupling control layer 22, and a continuous layer 24.

The substrate 12 is, for example, substrate glass. Examples of the
substrate glass include aluminosilicate giass, aluminoborosilicate glass, and
soda-time glass. Among them, the aluminosilicate glass is preferable.
Alternatively, amorphous glass or crystallized glass can be used. For example,
in the case where the soft magnetic layer 16 has an amorphous structure, it is

preferable that the substrate glass is amorphous glass. The use of chemically



can nmake the gap between, for exanple, the perpendicul ar magnetic recordi ng
| ayer 30 and the soft magnetic |ayer 16 constant. Consequently, a suitable
magnetic circuit can be fornmed between the head (magnetic head), the

per pendi cul ar magnetic recording |ayer 30, and the soft magnetic |ayer 16.
Further, the substrate 12 may be a substrate having an isotropic surface and
no texture. In the case where annealing 1, a magnetic field is required to,
for exanple, control the nmagnetic domain of the soft nagnetic |ayer 16, it
is particularly preferable to use the substrate 12 nmade of a gl ass nenber.

can_ be tﬂlﬁa?bi‘lssf RIS e larape berplse i by IShP. 1 f?easi’gife{ate e
thesort mmynet i cPrels Eﬁ“‘ﬁ?ﬁé%%@%@m?h@?%@f (e St S8 R a1 D
prevent ed by ; sww&st.meﬁ@eﬁnwor PO, or s IRAGHIL 61 28, Hmgeahg! i no

mat eri al can be used as a nateria heSI on

thi ckness of RAgreadésddm Jm@séhm}s‘mw%mems; Wubh'arbrﬁoétﬁrﬂﬁfa% 1to
50 nmfromthe viewpoint of practical use. In the present exanple, the

adhesi on | ay fanlfaks trngaproethenrs f6i\dtanysle, thEserbehdictlar aitanetic rédording

adhesion layer 14 is, for exanple, about 10 nm The soft magnetic |ayer 16
is a |ayer fdaydrdthamd) the soitjmegneticiayenilt cobstante Conbeqgierdly, asditalile

per pendi cul ar magnetic recording |ayer 30. The soft magnetic |layer 16 is
not specifi carnagnertiomlt%ut@@b%\fora@dtbﬁéwgemtheraga@(megn%tmeasb thes forned by

a magnetic substance exhibit aoft magneti c .characteristic wever, a
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saturation mag@agtdc flux density Bs. Exanples of materials for the soft
magnetic |ayer 16 include Fe based

In the case where annealing in a magnetic field is required to, for
example, contral the magnetic domain of the soft magnetic layer 16, it is
particularly preferable to use the substrate 12 made of a glass member. Since
the glass member exhibits excellent heat resistance, the substrate 12 can be
heated to a high temperature,

The adhesion layer 14 is a layer (contact layer) for increasing the
adhesion between the substrate 12 and the soft magnetic layer 16, Peeling of
the soft magnetic layer 16 can be prevented by disposing the adhesion layer 14.
For example, a Ti-containing material can be used as a material for the
adhesion layer 14. The film thickness of the adhesion layer 14 preferably falls
within a range of 1 to 50 nm from the viewpoint of practical use. In the present
example, the adhesion layer 14 is an amorphous CrTi layer. The film thickness
of the adhesion layer 14 is, for example, about 10 nm,

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 specifically limited as far as the soft magnetic layer 16
is formed by a magnetic substance exhibiting a soft magnetic characteristic,

However, a preferable magnetic characteristic is, for example, 0.01 to 80



materials and Co based materials. For exanple, use may be nade of Fe based
soft magnetic materials, e.g., FeTaC based alloys, FeTaN based all oys, FeN
based al | oys, FeCoB based al |l oys, and FeCo based all oys, Co based soft
magnetic materials, e.g., CoTaZr based all oys and CoNbZr based all oys, and
FeCo based alloy soft magnetic materials. The filmthickness of the soft
magnetic layer 16 is, for exanple, 10 to 200 nm desirably 20 to 100 rim

If the filmthickness is less than 10 nm it may becone difficult to forma
sui tabl e magnetic circuit between the head, the perpendicul ar magnetic
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nm, desirably 20 to 100 nm. If the film thickness is less than 10 nm, it may
become difficult to form a suitable magnetic circuit between the head, the
perpendicular magnetic recording layer 30, and the soft magnetic layer 18. if
the film thickness exceeds 200 nm, the surface roughness may increase.
Further, if the film thickness exceeds 200 nm, control of the magnetic domain
often becomes difficult..
A large magnetic domain is easy to generate in the soft magnetic layer 16.
When the large magnetic domain moves, noises may be generated, Therefore,
the soft magnetic layer 16 preferably has a plurality of soft magnetic material
layers which are anti-ferro magnetically coupled (AFC). According to this
structure, movement of the magnetic domains becomes difficult. Thus,
generation of noise can be suppressed.
In the present example, the soft magnetic layer 16 has a plurality of
CaTaZr layers which are anti-ferro magnetically coupled with Ru layers
therebetween. The Ru layer is, for example, a layer having a hep crystal
structure. The film thickness of the Ru layer is, far example, about 0.8 nm.

Each CoTaZr layer is a layer having an amorphous structure. The film

thickness of each CoTaZr layer is, for example, 20 to 27.5 nm.



orientation control layer, an isolation-pronoting |ayer, and a
fining-pronoting layer in this order on the soft nagnetic |ayer 16. The
first orientation control layer is a layer for controlling the crystal
orientation of the second orientation control |ayer disposed as a |ayer on
the first orientation control layer. In the present exanple, the first
orientation control layer is, for exanplgey a Ta |layer or a CoCrTa | ayer
having a bcc crystal structure close to anorphous. The filmthickness of
the first orientation control |ayer is, for exanple, about 3 nm The second

of the | ayer 1 urt ne haiRyn TeIE over Yor catsTing e arvstalagure otibebecond
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fini ng- pronot ¢ioge kagstorpmous. The film thickness of the first orientation control layer is,
for example, about 3 nm.
The second orientation control layer is a layer for improving the
orientation property of the layer further disposed thereon. In the present
example, the second orientation contro! layer is a Ru layer having a hcp crystal
structure. The film thickness of the secand orientation control layer is, for
example, about 10 nm.
The isolation-promoting layer is a layer for separating the composition of
the upper layer and promoting isolation of crystal grains. The isolation-
promoting layer is formed by, for example, sputtering at a gas pressure higher
than the pressure during film formation of the Ru layer of the second orientation
control layer. Consequently, the isolation-promoting layer becomes a layer
containing small crystals in which crystal grains are isolated from each other. In
the present example, the isolation-promoting layer is a Ru layer having a hep
crystal structure. The film thickness of the isolation-promoting layer is, for
example, about 10 nm,

The fining-promoting layer promotes fining of crystal grains in a layer

disposed thereon. In the present example, the fining-promoting layer is a



contain CoCr having a bcc crystal structure, The SiQ2 content in the fining-
pronoting | ayer is, for exanple, about 12 atom c percent (for exanple, 10 to
16 atom c percent). The filmthickness of the fining-pronoting |ayer is,
for exanple, about 2 nm The granular |ayer 20 of the perpendicul ar
magnetic recording layer 30 is fornmed on the fining-pronoting |ayer. The
granul ar layer 20 is a layer having a grapglar structure in which oxides
are segregated at grain boundaries of fined crystal grains, and is an
exanple of the first nmagnetic |layer and the main recording layer; In the
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example of the first magnetic layer and the main recording layer. In the present
example, the granular layer 20 is a CoCrPt-SiO; layer and contains magnetic
crystal grains 102 and nonmagnetic substances 104 for magnetically separating
the magnetic crystal grains 102 from each other at grain boundaries of the
magnetic crystal grains 102, The film thickness of the granular layer 20 is, for
example, 20 nm or [ess, desirably 8 to 16 nm, and further desirably 7 to 15 nm
(for example, about 9 nm).

The magnetic crystal grains 102 are magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and the direction of magnetic moment is
reversed in accordance with a signal to be recorded on the magnetic recording
medium 10. In the present example, the magnetic crystal grain 102 is CoCrPt
having a hep crystal structure. The size (diameter) of the magnetic crystal grain
102 is, for example, 5 to 20 nm, and desirably 8 to 15 nm. The width of grain
boundaries of the magnetic crystal grains 102 is 2 nm or more, for example, 2 to
20 nm, and desirably 4 to 15 nm. The width of grain boundaries of the magnetic
crystal grains 102 refers to an average value of widths of grain boundaries of

magnetic crystal grains 102 in, for example, the granular layer 20,



of Si02. The content of Si02 and the like in the granular layer 20 is, for
exanple, 10 to 16 atom c percent, and desirably 12 to 14 atom c percent.
Far exanple, in the case where the content of Si02 is 6 atom c percent or
nore, the nonmagnetic substances 104 are nmade finer to thereby increase the
SN rati o. However, deterioration may occur in the coercive force Hc,

per pendi cul ar magnetic ani sotropy, or theid ke of the granular |ayer 20

al one. Consequently, the thermal stability of the granular |ayer 20 al one
may thereby deteriorates. However, in the present exanple, the continuous

filmlayer 24 is é_i‘s osed on.th@bqqranulgi | ayer 20. Therefore, even when
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deteriorates. However, in the present example, the continuous film layer 24 is

disposed on the granular layer 20. Therefore, even when the content of SiO,

and the like increases in the granular layer 20, occurrences of these problems

can be suppressed. |

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 the present example, the coupling control layer 22 is, for example, a Pd
layer having a fcc crystal structure. The film thickness of the coupling control
layer 22 is, for example, 2 nm or less, for example, 0.5 to 1.5 nm, and desirably
0.7 to 1.0 nm (for example, about 0.8 nm). The coupling control layer 22 may
be a Pt layer.

The continuous film layer 24 is a layer in which exchange coupling in a
direction paraliel to the main surface of the substrate 12 is continuously
expanded. The continuous film layer 24 is an example of the second magnetic
layer and the auxiliary recording layer and contains magnetic grains exhibiting
perpendicular magnetic anisotropy. These magnetic grains are magnetically

exchange-coupled to the magnetic crystal grains 102 in the granular layer 20 in



0.3 to 0.8 nm Consequently, magnetic grains of the continuous filmlayer 24
are exchange-coupled to each other with the strength |arger than the bondi ng
strength between the nmagnetic crystal grains 102 in the granular layer 20 in
a direction parallel to the main surface of the substrate 12. As a result,
according to this structure, the thermal stability of recorded signals can
be appropriately inproved by, for exanplgg pinning the magnetization of the
continuous filmlayer 24 with the magnetization of the granular |ayer 20.
The filmthickness of the continuous filmlayer 24 is, for exanple, 1 to 8
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nm In the case where the CoCr layer 106 is very thin as descri bed above,

t he magnet i c cgntinusus film layer 24 is, for example, 1 to 8 nm, desirably 3 to 6 nm, and
further desirably 4 to 5 nm.

The ratio A/B of the film thickness A of the granular layer 20 to the fim

thickness B of the continuous film layer 24 is, for example, 2 to 5, and desirably
3 to 4. According to this structure, suitable perpendicular magnetic recording
characteristic can be exhibited by exchange coupling. Preferably, the magnetic
anisotropy constant (maximum anisotropic enargy) Ku of the magnetic grains in
the continuous film layer 24 is larger than that of, for example, the soft magnetic
substance. According to this structure, the width of the magnetic wall generated
in the continuous film layer 24 is can be decreased. The magnetic anisotropy
constant Ku of the magnetic grains in the continuous film layer 24 may be
smaller than that of the magnetic crystal grains 102 in the granular layer 20.
The coercive force Hc of the material for constituting the continuous film layer
24 may be smaller than the coercive force He of, for example, the material
constituting the magnetic crystal grains 102 in the granular layer 20,

In the present example, the continuous film layer 24 is a multilayer film

and abaut 3 layers (for example, 2 to 3 layers) of CoCr layers 106 and about 3



of CoCr may not have a crystal structure. The CoCr |ayer 106 may contain
magnetic crystal grains of CoCr having, for exanple, a hpc crystal

structure. The Pd layer 108 is a |ayer of nonmagnetic Pd having a fcc
crystal structure, The filmthickness of the Pd | ayer 108 is, for exanple,
about 0.8 nm In this structure, interface magnetic anisotropy is generated
at the interface between the CoCr |ayer 396 and the Pd | ayer 108.

Furt hernore, required perpendi cul ar nagnetic anisotropy can be obtai ned by
| am nating, for exanple, 3 layers of CoCr |layer 106 and 3 | ayers of Pd
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CoCr layer 106 and 3 layers of Pd layer 108. Moreover, the film thickness of
the continuous film layer 24 can be decreased in the case where the continuous
film layer 24 is composed of the multilayer film as in the present example.

The continuous film layer 24 may have, for example, Pt layers in place of
the Pd layers 108. The continuous film layer 24 may have CoB layers in place
of the CoCr layers 106. The continuous film layer 24 may be a laminated film, n
x [CoX/Pd or Pt], wherein n layers of Co compound layer and n layers of Pd
layer or Pt layer are alternately laminated. Alternatively, the continuous film
layer 24 may be a single-layer film having, for example, a high Pt content. The -
continuous film layer 24 may be a single-layer film of, for example, CoCrPt,
CoPt, CoPd, FePt, CoPts, CoPd3, amorphous TbFeCoCr, SmCos, NdzFe4B, or
CozoPtao.

In the present example, separation regions 202 for magnetically
separating tracks from each other are disposed in regions between the tracks of
the magnetic recording medium 10. The separation regions 202 are

nonmagnetic regions for magnetically separating the tracks from each other and,

for example, grooves for magnetically separating the tracks from each other are



continuous filmlayer 24 are set by using, for exanple, a silicon stenci
mask or a mask fornmed by nanoi nprint technol ogy. For exanple, an argon ion
(Ar') accelerated with energy of 20 to 30 keV is used as the ion to be
irradiated. In the continuous filmlayer 24, track regions serve as
magnetic portions corresponding to recording bits. The separation regions
202 serve as separation portions for sepgpgati ng magnetic |ayers from each
other. In the present exanple, the magnetic recording nedium10 is a
discrete track recording (DTR) medi um Therefore, the separation regions

202 are for ly.inre between the tracks, In the case where the
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track recording (DTR) medium. Therefore, the separation regions 202 are
formed only in regions between the tracks. in the case where the magnetic
recording medium 10 is a patterned (bit patterned) medium, the separation
regions 202 are further formed in, for exampie, the regions between the
individual bits on the tracks in such a manner that single-magnetic-domain
grains become a recording unit.

In the present example, the track width of the magnetic recording medium
10 is, for example, 100 to 200 nm, and desirably 135 to 165 nm. The distance
between tracks is a distance from a center of a track fo a center of an adjacent
track and is, for example, 150 to 250 nm, and desirably 180 t0 220 nm. The
width of the separation region 202 is, for example, 30 to 70 nm, and desirably
40 to 60 nm in the track width direction,

The protective layer 26 and the lubricant layer 28 are further disposed on
the continuous film layer 24. The protective layer 26 is a layer for protecting the
perpendicular magnetic recording layer 30 from the impact of the head. The

protective layer 26 is a carbon based film having, for example, a diamond-like

structure. The lubricant layer 28 is a layer for improving the |ubricity between



magnetic transition region noises and an i nprovenent of thermal stability of
recorded signals can be realized. Further, recording ease of signals can be
appropriately obtai ned. The separation regions 202 are disposed in the
continuous filmlayer 24, so that track edge noi ses are reduced and the
track density can be appropriately increased. In this case, the continuous
filmlayer 24 is thinner than the entirespgerpendi cul ar magnetic recording

| ayer 30 and only the continuous filmlayer 24 is processed. Therefore, the
separation regions 202 can be forned with ease and high precision as

conpared with, the case ere onmagnetic regions are fornmed in both the
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than the entire perpendicular magnetic recording layer 30 and only the

continuous film layer 24 is processed. Therefore, the separation regions 202

can be formed with ease and high precision as compared with the case where

nonmagnetic regions are formed in both the granular layer 20 and the

continuous film layer 24. Consequently, the recording density of the magnetic

recording medium 10 can be appropriately increased.

In the production process of the magnetic recording medium 10,
preferably, each of the adhesion layer 14 to the continuous film layer 24 is
formed by sputtering. In particular, formation by DC magnetron sputtering is
preferable because a uniform film can be formed. Preferably, the protective
layer 26 is formed by CVD.

In the formation of the CoCr layer 106 and the Pd layer 108 of the
continuous film layer 24, preferably, Kr is used as a sputtering gas.
Consequently, the interface between the CoCr layer 106 and the Pd layer 108 is
formed cleanly. Thus, interface magnetic anisotropy can be generated more

appropriately, The CoCr layer 106 and the Pd layer 108 may aiso be formed by
CVD.

The separation regions 202 of the continuous film layer 24 are formed by,



reversed. The patterning may be perfornmed by using, for exanple, focused ion
beam (FIB) in place of nanoinprint |ithography. Figs. 2A and 2B are di agrans
for illustrating the nagnetic characteristics of the nagnetic recording
medium 10 in detail. Fig. 2A is a diagram showi ng nagnetization patterns of
magnetic signals recorded on tracks 204. A sanple for checking the nmagnetic
characteristics of the nmagnetic recordi ngzgedium 10 is prepared separately,
and the magneti zation patterns were observed by using the sanple. In this
sanpl e, the separation regions 202 are formed by changing the crystal
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a magnetic characteristic
is prepared separately, and the magnetization patterns were observed by using

the sample. In this sample, the separation regions 202 are formed by changing
the crystal structure of a part of the continuous film layer 24 by ion irradiation
instead of farmation of grooves. Grooves 206 are disposed along the tracks
204 so as to sandwich the plurality of tracks 204 and the plurality of separation
regions 202.

As shown in the drawing, magnetic signals are recorded as
magnetization patterns in the tracks 204. No magnetic signal is recorded on the
regions including the separation regions 202 between the tracks. White
portions and black portions on the tracks 204 indicate that the directions of
magnetization are different on the basis of the difference in the recorded
information. The length of white portion and the length of black portion are
different between the center track 204 and the right and left tracks 204 in the
extension direction of the tracks 204 because of difference in the linear
densities of the recording densities.

Fig. 2B shows the magnetic characteristic of the magnetic recording
medium 10. The hysteresis curve 302 indicates a magnetic characteristic on

the region not including the separation regions 202 in the continuous film layer



region including the separation regions 202 in the continuous filmlayer 24.
In this case, the saturation magnetic field Hs is about 12,000 Ce.
Consequently, it is difficult to performmagnetic recording on this region.
Therefore, in the magnetic recording nmedium 10 according to the present
exanpl e, magnetic recording is perfornmed only on regions not including the
separation region 202. Consequently, accoggling to the present exanple, the
continuous filmlayer 24 is a part of the perpendicul ar nagnetic recording

| ayer 30, and the separation regions are fornmed in the continuous film

| ayer 24. In_,this  manner, th netic recording nedium 10 can function as
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30, and the separation regions are formed in the continuous film layer 24. In this

manner, the magnetic recording medium 10 can function as a patterned

medium or a DTR medium without forming grooves or the like all over the

perpendicular magnetic recording layer 30. Thus, track edge noises are

reduced and the track density is allowed to appropriately increase. As a result,

according to the present example, the recording density of the magnetic

recording medium 10 can be appropriately increased.

Figs. 3A and 3B are diagrams for illustrating the effect of formation of

separation regions 202 and shows the simulation results of recording pattern of

the information recorded on a magnetic recording medium having a structure

different from the structure of the magnetic recording medium 10 in the present

example. Fig. 3A shows a recording pattern of a granular medium. The

granular medium refers to, for example, a magnetic recording medium including

a perpendicular magnetic recording layer composed of merely a magnetic layer

equivalent or similar to the granular layer 20 without disposing the coupling

control layer 22 nor the continuous film layer 24 in contrast to the present

example. in this granular medium, the film thickness of the granular layer is 30



width direction, while the values of recorded signals becone val ues between
O and | in the gray region. Therefore, in the granular nedium recording
patterns are appropriately recorded in a recording track indicated by a
rectangl e 50, Consequently, in the granular nmedium even when nonnmagnetic
regions are disposed between tracks as in a DIR nediumor the like, the
effect thereof is small, However, in theagranular medium since the
continuous filmlayer is not disposed, the thermal stability of recorded
signals deteriorates as conpared wth, for exanple, the CGC nedia and the
like. As a result, in the recording tracks, the magnetization of a part of
t he regions ”H51cating I ndi vidual bits of the recording pattern are
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However, in the granular medium, since the continuous film layer is not
disposed, the thermal stability of recorded signals deteriorates as compared
with, for example, the CGC media and the like. As a result, in the recording
tracks, the magnetization of a part of the regions indicating individual bits of the
recording pattern are reversed due to a thermal fluctuation phenomenon and
the like. Such the reversal of magnetization may cause disappearance of the
recorded information, so that an increase in recording density is hindered.
Consequently, by the granular medium, it is difficult to realize a recording
density exceeding, for example, 200 gigabits per square inch.

Fig. 3B shows a recording pattern of a CGC medium not including a
separation region (hereafter referred to as a conventional CGC medium) in
contrast to the present example. The conventional CGC medium is equivaient
or similar to the magnetic recording medium 10 in the present example except
that no separation region 202 is disposed. A perpendicular magnetic recording
layer of the conventional CGC medium has a granular layer and a continuous
film layer.

In the conventional CGC medium, since the continuous film layer has

magnetic bonding strength in a direction parallel to the main surface of the



Such gray regions serve as sources of track edge noi ses. Therefore, in the
case where a recording density exceedi ng, for exanple, 200 gigabits per
square inch is intended to realize in the known CGC nedium the SNratio
decreases, and an appropriate inprovenent of the track density becones
difficult. On the other hand, in the magnetic recording nedium 10 of the
present exanple, the separation regions 292 are disposed in regions between
the tracks. The di sposed separation regions 202 prevent extension out of
the magnetic bonding strength fromthe track in the continuous filmlayer

24 in the directiipon parallel.to the in surface of the substrate 12. In
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exanpl es of tiﬁgcgﬁgr@é%é@ Bdorg nedium 10. The structures equival ent or
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simlar to those in g. 1 afe indicated by the sane reference nunerals as

in Fig. 1 and explSuehigrayfedibes Seiveadsesouptds bPHadkE8ds nbid8s PThBFToRS in
descri bed below. Fig. 4A shows the structure of a nmagnetic recording nedi um
10 havi ng arthexekanders priecgrdingldemsitytexceeding, fdrrexample c2(egighbits pagnet i c
recording nedium 10 has a soft magnetic |ayer 32 as a second nagnetic |ayer
of the perp&fREingh 1$rﬂ§ﬂ@@¢d:m@?gmlimtjlellﬁwn GG magliuroethef SN nati@wont i nuous
filmlayer 24 (refer tg Fi#p. 1&._ Fqor exanple, a material equival ent or
similar to tHecheRsss: and anAPRraeriatsimPrygRantof the track deasity brcamest as the
mat eri al fore‘:ﬁ#@ Eoft magnetic 28 |ayer 32. The filmthickness of the soft
magnetic | ay Yt s, for exanple, 3 to 5 nm Separation regions 202 are
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example, the separation regions 202 are disposed in regions between the

tracks. The disposed separation regions 202 prevent extension out of the
magnetic bonding strength from the track in the continuous film layer 24 in the
direction parallel to the main surface of the substrate 12. In this manner, the
gray regions are prevented from extending out from the recording track width.
Consequently, according to the present example, track edge noises are reduced
and the track density can be appropriately increased. As a result, the recording
density of the magnetic recording medium 10 can be appropriately increased.

Figs. 4A and 4B show modified examples of the magnetic recording
medium 10. The structures equivalent or similar to those in Fig. 1 are indicated
by the same reference numerals as in Fig. 1 and explanations thersof are
omitted except the points as described below.

Fig. 4A shows the structure of a magnetic recording medium 10 having
an exchange spring medium structure. In this case, the magnetic recording
medium 10 has a soft magnetic layer 32 as a second magnetic layer of the
perpendicular magnetic recording layer 30 in place of the continuous film layer
24 (refer to Fig. 1). For example, a material equivalent or similar to the material

for the soft magnetic layer 16 can be used as the material for the soft magnetic



the track density can be appropriately increased. Consequently, the
recording density of the magnetic recordi ng nedium 10 can be appropriately
i ncreased. Fig. 4B shows the structure of a nagnetic recording medi um 10
havi ng an exchange coupl ed conposite nmedium structure. In this case, the
magnetic recording nmedium 10 has a soft magnetic |ayer 34 as a second
magnetic |ayer of the perpendicul ar magnetgi c recording |layer 30 in place of
the continuous film layer 24. The soft magnetic layer 34 is, for exanple, a
Ni Fe | ayer containing SiQ2 at grain boundaries (N Fe-Si 02 |ayer). The film

t hi ckness of the sof netj | ayer 34 is, for exanple, 2 to 4 nm (for
exanpl e, aboule%riij&hgﬁﬁmﬁf“é’ﬁ@%%?egfgﬂ‘@cﬁoﬂ agerticlayer $ois & exampleddited and
the track density can be appropriately increased. Consequently, the
recordi ng den'%mty of the magnetic recording nedium 10 can be appropriately
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of Co layer and 12 to 20 layers of PdSi" | ayer (for exanple€, out | ayers
each) are | andewditycof th&neagrietic recodireymedaired Ofdanrbd appraprigehpipRrsseds was
used. An adhesion |ayer 14 and a soft magnetic |ayer 16 were sequentially
formed on an al unifrigs#4Bistiawe thgistructuse bf amagneliz regoidihgmedatm dO Igving er i ng
in an Ar atnosphere. At this case, the adhesion |ayer 14 was forned by
using a CrTi @neyenangs eaunled sempesite oediurg stricturgen thig case dhemagneasics of
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layer 24.

The soft magnetic layer 34 is, for example, a NiFe layer containing SiO»
at grain boundaries (NiFe-SiO; layer). The film thickness of the soft magnetic
layer 34 is, for example, 2 to 4 nm (for example, about 3 nm). In this case also,
track edge noises are reduced and the track density can be appropriately
increased. Consequently, the recording density of the magnetic recording
medium 10 can be appropriately increased.

Alternatively, the soft magnetic layer 34 may be a FeSiO layer. In this
case, the film thickness of the soft magnetic layer 34 is, for example, 8 to 7 nm
(for example, about 6.5 nm). The perpendicular magnetic recording layer 30
may has a laminated film (for example, 16 x [Co/PdSi]) in place of the granular
fayer 20. In the laminated film, 12 to 20 layers of Co layer and 12 to 20 layers
of PdSi layer (for example, about 16 layers each) are laminated.

(Example 1)

An evacuated film formation appératus was used. An adhesion layer 14
and a soft magnetic layer 16 were sequentially formed on an aluminosilicate

glass substrate 12 by DC magnetron sputtering in an Ar atmosphere. At this

case, the adhesion layer 14 was formed by using a CrTi target 0 as to become



sandwi ching a Ru |l ayer having a thickness of 0.9 nmin order to control the
magneti c domain. After the formation of the soft magnetic |ayer 16,
continuously, a Ta layer (thickness 3 nm serving as a first orientation
control layer and a Ru | ayer (thickness 20 nn) serving as a second
orientation control layer and an isolation- pronoting |ayer were formed as
an underlayer 18 by DC magnetron sputterifg in an Ar atnosphere. A granular
| ayer 20 was fornmed by using a hard magnetic substance target forned from
CoCrPt-Si 02. The granular layer 20 had a thickness of 9 nmand contai ned

magnetic crystal (I:;rai ns 102 having a _hop crystal structure. The conposition
of the targe@ ¢0 ayer heNia thighness of 10 npe Thesoftmeoneticlayet 6 pascent of
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formed from hydrogenated carbon by using a m xed gas conpose

cont ai ni ng 30Ragfetieydbmaien and a carbon target as a sputtering target. The
filmhardness is inproved by using hydrogenated carbon, so that the

per pendi cul ar nagA#er the tecmation gf theysoft Bagaatic layer 4 pearinuatislyya [Tadayert ed
fromthe inpact of the head. After the protective |layer 26 was forned, the
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in an Ar atmosphere. A granular layer 20 was formed by using a hard magnetic
substance target formed from CoCrPt-Si0O;. The granular layer 20 had a
thickness of 9 nm and contained magnetic crystal grains 102 having a hep
crystal structure. The composition of the target for forming the granular layer 20
was 62 atbmic percent of Co, 10 atomic percent of Cr, 16 atomic percent of Pt,
and 10 atomic percent of Si0a.
A Pd layer (thickness 0.8 nm) was formed as the coupling control layer 22
and 3 x [CoCr/Pd] layers were formed as the continuous film layer 24 by using
an Ar gas as a sputtering gas at a low pressure. The thickness of the CoCr
layer was 0.4 nm, the thickness of the Pd layer was 0.9 nm. Three each of
them were altemnately laminated. The thickness of resulting continuous film
layer 24 was 4 nm (3.9 to 4 nm).
A protecilive layer 26 was formed from hydrogenated carbon by using a
mixed gas composed of Ar containing 30% of hydrogen and a carbon target as
a sputtering target. The film hardness is improved by using hydrogenated
carbon, so that the perpendicular magnetic recording layer 30 can be

appropriately protected from the impact of the head.

After the protective layer 26 was formed, the resulting medium was



t he di stance between the tracks was 200 nm Subsequently, a lubricant |ayer
28 conposed of perfluoropolyether (PFPE) was forned by a dip coating

nmet hod. The filmthickness of the lubricant layer 28 was 1 rim 1In this
manner, the magnetic recording nedium 10 according to Exanple 1 was forned.
The magnetic recording medium 10 according to Exanple 1 was a DTR nmedi um
(Conparative Exanple 1) A magnetic recordihfg medi um according to Conparative
exanple 1 was fornmed as in Exanple 1 except that the coupling control |ayer
22 and the continuous filmlayer 24 were not fornmed. The magnetic recording

medi um according .to Conparative exanple 1 was the granular nedi um expl ai ned
with refer erﬁi‘@lgﬁe&i“‘bf’a niNGRYHaNgtNaneimRHnty | heprotectivgriayer26 andthe ng

medi um accordjng. to rati.ve exanple 2, was .formed as jn Exanple 1 except
thg_t t he sepa‘}@}q'f‘liﬂ“?cﬁgﬁiﬂ’eé_ W&l .”P?)qﬁ%a?athgfﬂ%ve?ﬁaﬁﬁ’ﬂ!ﬂgcasrwm'%d_
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unsat i sf act orte ditafEs BEIWERh thelthadk8 VAILIGERO Fig. 3B, in the magnetic
recordi ng medi um according to Conparative exanple 2, gray regions of

recorded signal s &ubseduéntly, Adubricarit layed 28 cbinfisdedost perlidrabolyetifds edge
noi ses increase. Consequently, in these cases, it is difficult to realize a

recordi ng 31 (PRARIwes tormedding diff coatingempthed. i@ fijimgthickness ef thegluarieantnch.
On the other hand, in the magnetic recordi ng nedium 10 according to Exanple
1, satisfact JAyer Aewaal1 BMalnithis ynannerohegpeaneticresewing esiumi® ccC  medi um

structure as g?é’c%‘?é‘.ES% \gxtapdpié qrwéesx'%%legi 'llhréemggrqgt% ie%oFcﬁﬁS rngjelcpugm 10
according to Example 1 was a DTR medium.

(Comparative Example 1)

A magnetic recording medium according to Comparative example 1 was
formed as in Example 1 except that the coupling control layer 22 and the
continuous film layer 24 were not formed. The magnetic recording medium
according to Comparative example 1 was the granular medium explained with
reference to Fig. 3A.

(Comparative Example 2)

A magnetic recording medium according to Comparative example 2 was
formed as in Example 1 except that the separation region 202 was not formed.
The magnetic recording medium according to Comparative example 2 was the
conventional CGC medium explained with reference to Fig. 3B.

(Evaluation}

As described with reference to Fig. 3A, in the magnetic recording medium
according to Comparative example 1, the thermal stability of recorded signals is
unsatisfactory. As described with reference to Fig. 3B, in the magnetic
racording medium according to Comparative example 2, gray regions of
recorded signals extend in the track width direction so that track edge noises

increase. Consequently, in these cases, it is difficult to realize a recording



medi um according to Conparative exanple 1. Since the separation regions 202
are formed, track edge noises can be reduced as conpared with, for exanple,
t he magnetic recordi ng nedi um according to Conparative exanple 2. As a
result, the SN ratio of the magnetic recording nedium 10 according to
Example 1 is inproved by about 1.0 to 3.5 dB as conpared with that of the
magneti ¢ recordi ng medi um according to Cquarative exanple 2. Consequently,
a recording density exceeding 200 gi gabits per square inch, for exanple, a
recording density of 500 gigabits per square inch or nore, can be realized.
The present invention has been described with reference to the enbodinents.
However, t hedersitynexcsieding, for exarple, 20& gigabits peesgiane ineh.not linited to the
scopes described in the above enbodiments. It is clear that various changes
or inprovenents c@n theothasinasd, irothelraagimeticredording breediivrerfoatiomeding thy one
skilled in t&; aqk The, forns gpplied\Mjr1such changes or inprovenents may
be included Grample { neatisfagianythermalsiability qancbe pbiainad becanserafdhe £6Gef i ned
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t he magnetic crystal grains m each other at grain oundari és of the
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exchange-coupled to the nmagnetic crystal grains, a grain boundary w dth of
t he magnet i c Agranressiltpthien8N ratimbf the mbgnetic mecarding eadiamnyl e cltdnding to he
magnetic crystal grains, and

Example 1 is improved by about 1.0 to 3.5 dB as compared with that of the

magnetic recording medium according to Comparative example 2.
Consequently, a recording density exceeding 200 gigabits per square inch, for
example, a recording density of 500 gigabits per square inch or more, can be
realized.

The present invention has been described with reference to the
-embod iments. However, the technical scope of the present invention is not
limited to the scopes described in the above embodiments. It is clear that
various changes or improvements can be applied to the above-described
embodiments by one skilled in the art. The forms applied with such changes or
improvements may be included within the technical scope of the present
invention as defined in the ¢claims.

The present invention can be favorably applied to, for example, magnetic

recording media.



separation regions which nmagnetically separate tracks fromeach other and
whi ch are disposed in regions between the tracks of the magnetic recording
mediumin at | east the second magnetic |ayer. 2. The nagnetic recording

medi um according to claim1l, wherein the separation regions are disposed
substantially only in the second magnetic layer of the first magnetic |ayer
and the second magnetic layer. 3. The nagggtlc recordi ng medi um according to
claim1, wherein the grain boundary wi dth™of the nagnetic crystal grains in
the first magnetic layer is 2 nmor nore, and the grain boundary w dth of
the magnetic crystal grains in the second nmagnetic layer is 1 nmor |ess,
4. The magnetic recording medi umaccording to claiml, wherein the
separation rﬁggons cenprlse rooves for magnetically separating the tracks
from each ot NHAIN® E s are disposed along the tracks in the second

magnetic | ayer. The netic recordin di um agc rd|n to claim1,
further conprisi ﬂg ’J‘] gt'g u%%?rpﬁ'ﬁénﬁﬁ'rt‘ﬂ'tj{m[ﬁ%ﬁ’?f{jﬁf‘ﬂ@r 'F‘P BeUGHERGREYING, | ayer
and the seco &fﬁ@%ﬁé | ayer, wherein the magnetic grains in the second
magnetic | aye per pendi cul ar magnetic ani sotropy and are
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strength between t etlc s1n magneti c | ayer in

a direction p@érabh@uburaeneaqme gﬂﬁq‘t@?mﬁ&iﬁnawm@%ﬁanc@@w he magnetic

crystal grains in the first m ayer and magnetic grains in the
second magnetmaghetjeally separatingathg ensgmaticanystal grais fedr @fachotiher atigraiat | on

perpendi cul ar the main surface of the substrate, 6. The magnetic recording
medi um acrcorrc!imtg'ndmiesloa'rtha tnagnetic crystal grains;

a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains, a grain boundary width of the magnetic grains being
smaller than a grain boundary width of the magnetic crystal grains, and

separation regions which magnetically separate tracks from each other
and which are disposed in regions between the tracks of the magnetic recording
medium in at least the second magnetic layer.

2. The magnetic recording medium according to claim 1, wherein the
separation regions are disposed substantially only in the second magnetic layer
of the first magnetic layer and the second magnetic layer.

3. The magnetic recording medium according to claim 1,

wherein the grain boundary width of the magnetic crystal grains in the
first magnetic layer is 2 nm or more, and

the grain boundary width of the magnetic crystal grains in the second
magnetic layer is 1 nm or less,

4. The magnetic recording medium according to claim 1, wherein the
separation regions comprise grooves for magnetically separating the tracks
from each other and the grooves are disposed along the tracks in the second
magnetic layer.

5. The magnetic recording medium according to claim 1, further

comprising:



wherein the first magnetic layer is a |layer having a granular structure and
t he nonmagneti c substances in the formof oxides are segregated at grain
boundari es of the nagnetic crystal grains, and the second magnetic |ayer is
a lamnated filmconprising Co compound |ayers and Pd |ayers or Pt |ayers
which are alternately lamnated. 7. A nagnetic recordi ng medi um f or

per pendi cul ar magnetic recording, conpr|§ a substrate; a first magnetic
| ayer which has magnetic crystal grains e Elbltlng per pendi cul ar magnetic
ani sotropy and nonmagneti c substances for nagnetically separating the
magnetic crystal grains fromeach other at grain boundaries of the nmagnetic
crystal grains; aaseabetraterfegdisposingdhe firstimagndiizdayercaret the sgcand snagnetic
exchange- coupled to the nmagnetic crystal grains and exchange-coupled to
each other wil@xea strength Iarger than a bondi ng strength between the
magnetic crystal grains in the first etic layer in a direction parallel
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per pendi cul ar”nagnetic ani sotropy and nonmagnetic substances

magnetical |y seistraaéiaed t he magnetic crystal grains fromeach other at grain
boundari es of the rragnetic crystal grains; formng a second magnetic |ayer
whi ch has magnet i dhgmaagrsetiexrystabgrainsonthe first snagreticdayertand theynaghetgr ai ns,
a grain boundary width of the magnetic grains being smaller than a grain
boundary wi dt @ragts intbefggaad n@@e)t,lgtlgyer@rgpp;ghange-coupled to each otherin a

direction perpendicular the main surface of the substrate,

6. The magnetic recording medium according to claim 1,

wherein the first magnetic layer is a layer having a granular structure and
the nonmagnetic substances in the form of oxides are segregated at grain
boundaries of the magnetic crystal grains, and

the second magnetic layer is a laminated film comprising Co compound
layers and Pd layers or Pt layers which are alternately laminated.

7. A magnetic recording medium for perpendicular magnetic recording,
comprising:

a substrate,;

a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crystal grains from each other at grain
boundaries of the magnetic crystal grains;

a second magnetic layer which has magnetic grains exchange-coupled to
the magnetic crystal grains and exchange-coupled to each other with a strength
larger than a bonding strength between the magnetic crystal grains in the first
magnetic layer in a direction parallel to a main surface of the substrate; and

separation regions which magnetically separate tracks from each other



and form ng separation regions which magnetically separate tracks from each
other in regions between the tracks of the nmagnetic recording nediumin at

| east the second magnetic layer. 9. A nethod for manufacturing a magnetic
recordi ng medium for perpendicul ar magnetic recording, conprising the steps
of : preparing a substrate; formng a first magnetic |ayer which has magnetic
crystal grains exhibiting perpendicular Eggnetic ani sotropy and nonmagneti c
substances for nmagnetically separating the magnetic crystal grains from
each other at grain boundaries of the magnetic crystal grains; formng a
second nmagnetic, | ayer which has magnetic grains exchange- coupled to the
magnetic cry<nd whichiate dispeseddn segjens bepvean the teackss of the magnetic recartingngt h

| arger than a baendi ng strength between the magnetic crystal grains in the
first nagneti"BEPHTEN atﬁeastgﬁ?éew MaaNglicdayero a main surface of the
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| ayer has magnetic por rresponding to rec Separ &tion

portions for eperditulag maynetioanietiopyRmtt iohadialid stbetareklgse and the main
recording layer are divided into regions serving as recording bits by a

magnet i ¢ i nf Imagoetically sepdratingtthe magrieticarystalaramgi frgm leaghrothdrlat grain
magneti c recordi ng nedium according to claim 10, wherein a nagnetic
ani sot ropy cdirsnderieref §1e magnatisrryistaigraisgor ding | ayer is larger than a
forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains, a grain boundary width of the magnetic
grains being smaller than a grain boundary width of the magnetic crystal grains;
and
forming separation regions which magnetically separate tracks from each
other in regions between the tracks of the magnetic recording medium in at
least the second magnetic layer.
9, A method for manufacturing a magnetic recording medium for
perpendicular magnetic recording, comprising the steps of:
preparing a substrate;
forming a first magnetic layer which has magnetic crystal grains exhibiting
perpendicular magnetic anisotropy and nonmagnetic substances for
magnetically separating the magnetic crysta! grains from each other at grain
boundaries of the magnetic crystal grains;
forming a second magnetic layer which has magnetic grains exchange-
coupled to the magnetic crystal grains and exchange-coupled to each other with
a strength larger than a bonding strength between the magnetic crystal grains in
the first magnetic layer in a direction parallel to a main surface of the substrate;

and

forming separation regions which magnetically separate tracks from each



magneti c ani sotropy constant Ku of the main recording |layer. 12. The
magneti c recordi ng nmedium according to claim 10, wherein the main recording
| ayer has a granular structure. 13. The magnetic recordi ng nedi um accordi ng
to claim 10, wherein the recording |ayer is a perpendicul ar magnetic
recording layer. 14. The magnetic recordi ng nedium according to claim 10,
wherein the magnetic portion of the auxié'ary recording |layer is
exchange-coupled to the nmain recording |ayer.

other in regions between the tracks of the magnetic recording medium in at
least the second magnetic layer.

10. A magnetic recording medium comprising a recording layer including
an auxiliary recording layer and a main recording layer,

wherein the auxiliary recording layer has magnetic portions
corresponding to recording bits and separation portions for separating the
magnetic portions from each other, and

the main r_c_—zcording layer are divided into regions serving as recording bits
by a magnetic influence exerted by the auxiliary recording layer.

11. The magnetic recording medium according to claim 10, wherein a
magnetic anisotropy constant Ku of the auxiliary recording layer is larger than a
magnetic anisotropy constant Ku of the main recording layer.

12. The magnetic recording medium according to claim 10, wherein the
main recording layer has a granular structure.

13. The magnetic recording medium according to ¢laim 10, wherein the
recording layer is a perpendicular magnetic recording layer.

14. The magnetic recording medium according to claim 10, wherein the
magnetic portion of the auxiliary recording layer is exchange-coupled to the

main recording layer.



