DESCRI PTI ON  MAGNETI C RECORDI NG MEDI UM AND METHOD OF MANUFACTURI NG A
MAGNETI C RECORDI NG MEDI UM Techni cal Field [0001] The present invention
relates to a nmagnetic recording mediumand a nethod of manufacturing a
magneti c recordi ng medi um Background Art [0002] Recent proposals have been
made about DTR (discrete track recording) nedia having a patterned nagnetic -
recording |layer, patterned (bit patterned) nedia, and other nagnetic
recordi ng media for nmagnetic disks for HDDs (hard disk drives) or the like.
In such nmagnetic recording nedia, the magnetic recording |layer is patterned

by |ithography, etching, or the I|k nique of formng a resist
pattern in |ithography, proposal ﬁ%@@“@?f@ thod using an inprinting

nold (for exanple, see Patent Docurrent 1). [0003] Proposal s have al so been
made about net hods which do not use |I|ithography, etching, or the |ike. For

exanpl e, as regards a WQG%m%?gDégwEm@mrMDmgﬁﬂm a nmethod in

whi ch grooves are forned on a disk body in a circunferenti al
direction by pressi 0f MARUFASK URIMG ANAGREIQIRECORDINEMEDIUNOCUNENt  2) .

Pat ent Docunment 1: JP-A-2006-127590 Patent Docunment 2: JP-A-H5-334666 2
Di scl osure of the Invention Problens to be Solyed by the Invention [0004]
Technical Field
[0001]
The present invention relates to a magnetic recording medium and a

method of manufacturing a magnetic recording medium.

Background Art
[0002]

Recent proposals have been made about DTR (discrete irack recording)
media having a patterned magnetic recording layer, patterned (bit patterned)
media, and other magnetic recording media for magnetic disks for HDDs (hard
disk drives) or the like. In such magnetic recording media, the magnetic
recording layer is patterned by lithography, etching, or the like. As a technique
of forming a resist pattern in lithography, proposal is made of a method using an
imprinting mold {for example, see Patent Document 1).

[0003]

Proposals have also been made about methods which do not use
lithography, etching, or the like. For example, as regards a coated magnetic
disk, there is known a method in which grooves are formed on a surface of a
disk body in a circumferential direction by pressing the disk body (for example,

' see Patent Document 2). '

Patent Document 1: JP-A-2006-127590

Patent Document 2: JP-A-H5-334666
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However, in those nethods using |lithography, etching, or the like, a
substrate nust be subjected to a conplicated process. Therefore, mass
production of magnetic recordi ng nedia encounters sonme problens, for

exanpl e, prolonged process tine and increased cost. [0005] In existing

met hods, a step of patterning a magnetic recording |layer (a discrete
processi ng step) nust be perforned in the mddle of formng the |ayers of a
magneti ¢ recordi ng medium for exanple, & ter the formation of the magnetic
recording |layer and before the formation of the protection |ayer.

Therefore, in the mddle of formng the layers, it is necessary to renove

the substratmgsdige af fHd IRvéRIgn Ng apparatus, performng the discrete
processing step, and then nount the substrate to the filmform ng apparatus

agai n. Thus, Prblblemisiowe Sﬁl?@dl@)ﬁﬂweﬂhmﬂmi ng step significantly affects those
probl ens of prolonged process tine and increased cost. [0006] For exanpl e,
in the net hodd@l4dcl osed in Patent Docunent 2, it seens that the problens of
prol onged process tinme and increased cost are |less significant. However,
this nethod requi Hewewest indhpsemethadgrusinglithegreptly. michiag,ar thgkey@at i ng and

t hus cannot easily be applied to widely used thin-film netic disks or
the like. ThéU ﬁtr%emw%%ﬁégﬁme@ f&i%ﬁ@%'ﬁ@‘%ﬁﬁmﬁ%’?- J&Bl%fg&g%,mﬁ%neti ¢ disks
havi ng a conti%&lois tEi n-fihmt Bfg magnetic | ayer forned bh}vgjoor

deposi tion st Lﬁ"ogﬁ 8PP Cgre‘%’ V<4 HHBPCQUY rﬁﬁSW@-%R‘P hed backgr ound,
there is a d : L gnetic recording |ayer
that is capa%lqgﬁ]g’#é’%\%%?r&é’%g@%sgﬁmg?‘hgﬁé%g%CP%ﬁ'l onged process tinme and

i ncreased cosggggdgin view of the above, it Js an object of the present
invention to provide a magnetic recordi ng nmedi um

In existing methods, a step of patierning a magnetic recording layer (a
discrete processing step) must be performed in the middle of forming the layers
of a magnetic recording medium, for example, after the formation of the
magnetic recording layer and before the formation of the protection layer.
Therefore, in the middle of forming the layers, it is necessary to remove the
substrate from a film forming apparatus, performing the discrete processing
step, and then mount the substrate to the film forming apparatus again. Thus,
the known discrete processing step significantly affects those problems of
protonged process time and increased cost.

[0006]

For example, in the method disclosed in Patent Document 2, it seems
that the problems of prolonged process time and increased cost are less
significant. However, this method requires softening a magnetic recording layer
by heating and thus cannot easily be applied to widely used thin-film magnetic
disks or the like. The thin-film magnetic disks include, for example, magnetic
disks having a continuous thin-film type magnetic layer formed by vapor
deposition such as sputtering. .
[0007] |

Under the above-mentioned background, there is a demand for a method

of patterning a magnetic recording layer that is capable of avoiding the



e

and a nethod of manufacturing a magnetic recording nmedi umwhich are capable
of solving the above-nentioned problens. Means for Solving the Probl ens
[0008] It is considered that the DIR nedia and the patterned nedi a nust be
provided with grooves or the |ike having a depth corresponding to the entire
t hi ckness of the nmagnetic recording |ayer. However, through the extensive
research, the present inventors have found that grooves having a
predet erm ned shape and small in depth a8 conpared with the technica

comon sense can appropriately achieve magnetic separati on between

recording regions. The present inventors also found that such grooves can be
formed in a 'H?éﬁl@ﬁms'o?ggatléh%%i d%rg%:@sscﬁHé%nH hecreas &%k, viewdr pRossouy, Acess

time and increased c The present inventors also found that, for
exanpl e, in ¢aae obfecRofGRE pré@aht HivenBore provideeomagneticretordimyimatiuneast on a
continuous filmlayer of the magnetic recording layer constituted by a
granul ar | ayandanaethoel of omanuiaciusng almmagrietiy eecording meddicmsepelr até on bet ween
the recording regions is possible. Furthernore, the present inventors found
that, not onlogpabletdh&olging thedbipvenmantoned pralieme t he nagnetic recordi ng

| ayer has a primary recording |ayer for recording magnetic signals and an
auxiliary recording |layer magnetically conbined with the primary recording
| ayer, magnetic separation, i ossi ble by form ng grooves at |east on the
auxi | i ary nad%%@ﬁggf59@W9q?ﬁ2%3&8§§nt inventors also found that, in case
where a nagn266 recording layer has a granular structure and a magnetic
coupling layer @ﬂot a 4 continuous |ayer but a nonolayer) is fornmed on the

ragnet | ¢ T ecor di g i< éufRidered e tRIDFRAABAILMRIIHE pafiBidiaim dia ARaL Bb! On

bet ween recordi ng regions 1I's possi
provided with grooves or the like having a depth corresponding to the entire

thickness of the magnetic recording layer. However, through the extensive
research, the present inventors have found that grooves having a
predetermined shape and small in depth as compared with the technical
common sense can appropriately achieve magnetic separation between
recording regions. The present inventors also found that such grooves can be
formed in a manner less likely to cause the problems of prolonged process time
and increased cost.

[0009]

The present inventors also found that, for example, in case of a CGC
medium, even if grooves are formed at least on a continuous film layer of the
magnetic recording layer constituted by a granular fayer and the continuous film
layer, magnetic separation between the recording regions is possible.

Furthermore, the present inventors found that, not only in the CGC
medium, in case where the magnetic recording layer has a primary recording
layer for recording magnetic signals and an auxiliary recording layer
magnetically combined with the primary recording layer, magnetic separation is
possible b;/ forming grooves at least on the auxiliary magnetic I};\yer.

The present inventors also found that, in case where a magnetic

recording layer has a granular structure and a magnetic coupling layer {not a



by form ng grooves at |east on the magnetic coupling |ayer. The present

i nvention may have the follow ng structures. [0010] (Structure 1) A
magneti c recordi ng medi um conprises a substrate and a magnetic recording

| ayer forned on the substrate. The nagnetic recording |layer has a plurality
of tracks which define recording regions extending in a scanning direction
of a magnetic head and which are arranged in parallel in a direction
intersecting with the scanning direction? The nagnetic recording |ayer is
provided with a groove portion which is fornmed in a region between the
tracks on the surface of the nmagnetic recording |ayer and whi ch extends

al ong the tracksuouBiaygrmaeempasiayahis forrhed ordhs maghatic récording fagestesect i on
of the magnetic recording |ayer taken along a plane perpendicular to the
scanni ng di r dut &djacent ileretoaxiagnetic egparalidn bélwegnooee dpgrregionsiispossitlee rapge
of 0.5to 10 nmwith reference to an average height of the tracks between
whi ch the gr dierpegtdaresvesial leaat ongoe sonehie conrlingdayaiei ght is obtained in
the vicinity of t centers of .the racks |n a widthwise direction. In
addition, the wi d?ﬁeﬁre%?ni EUPBVP%'F‘EW&@@E%EP@OWB@r%%mrﬁ%vi ng a depth equal
to or greaterogﬂ@n 1/2 of the maximumdepth is in the range of 5 to 30% of
a track pitcﬂ ch is a distance between the centers of adjacent ones of

the tracks in the gﬂ,d&&}éﬁﬁe direction. [0011] Wth this structure, it is
possible to approé)rl atel'y "perform nagnetic separation between the tracks.

Such, grooves can mmabﬁéﬁ@@cbwmq]m%@h)nmorﬁ?ﬁ% adubdirateaadatmagiaieor di ng
| ayer or an upper |ayer fornmed thereon, hout wusing |ithography, etching,

or the like. recordirgrlapsrdorrhéeogtieongsstate) Tee agetic rezoatingifdyer has ar ot ecti on
| ayer or the like is fornmed on the nagnetic recording 5 |ayer. Thus, the
grooves can kpurabiyraddragks whichrtefinayecadiog regionseygieading in a scanning
direction of a magnetic head and which are arranged in parallel in a direction
intersecting with the scanning direction. The magnetic recording layer is
provided with a groove portion which is formed in a region between the tracks
on the surface of the magnetic recording layer and which extends along the
tracks. The groove portion is formed so that, in a cross-section of the magnetic
recording layer taken along a plane perpendicular to the scanning direction, the
maximum depth of the groove portion is in the range of 0.5 10 10 nm with
reference to an average height of the tracks between which the groove portion
is interposed. The average height is obtained in the vicinity of the centers of the
tracks in a widthwise direction. In addition, the width of a region of the groove
portion having a depth equal to or greater than 1/2 of the maximum depth is in
the range of 5 o 30% of a track pitch which is a distance between the centers of
adjacent ones of the tracks in the widthwise direction.
[0011]
With this structure, it is possible to appropriately perform magnetic
. separation between the tracks. Such grooves can be formed by directly
pressing the magnetic recording layer or ar; upper layer formed thereon, without
using lithography, etching, or the like. Furthermore, the grooves can be formed

even after a protection layer or the like is formed on the magnetic recording



recording nmediumare formed. It is unnecessary to renove the substrate from
a filmformng apparatus after the magnetic recording layer is forned.
Moreover, the layers can be fornmed in a manner sane as or simlar to the
case where no grooves are forned. Thus, with this structure, a DIR nmedi um
a patterned nedium or the like can be appropriately fornmed in a manner

|l ess likely to cause the problens of pral onged process tinme and increased
cost. [0012] Also, the grooves having t he above- ment i oned dept h can be
formed with high positional accuracy as conpared with grooves having a
depth corresponding to the entire thickness of the magnetic recording

| ayer. Ther dayere Thas OR& gresliegroandefatrhed aédr tredayers obthethaghatice can be
formed with high accuracy. [0013] Herein, the nmagnetic recordi ng nmedi um
further has aedodingmakdiuayaiedormench isagnnecessansde removaathersubsiate fratbmi cant

| ayer, formed_on the magnetic recording |ayer. For exanple, the protection
| ayer, | ubri dBmtfoImpgappaaius after|the sagaphc resoriing fyef eorned.r Momwavesr y
surface of ”}ﬁ ?ubstrats &o a constant thickness a]nd tﬁn t he groove
portions of tA8AHGHER Be IUEKRAIN AgNRARNRNSAMESS BLRAIALIHG @Rt iietoDe
portions. Wt | r e ] - Y, r the

pur poses ot heé}o{)@asf]arﬁgéﬁﬁ%ﬁcﬁ?u&g\&t itﬁg%ﬁyé{& %?adnéghorﬁgélkﬁ%ﬁért}e%m%oo recordi ng

ayer, 1 TS RedED bPIHNKRIQRE dpdtXHidtbly tbifedin £fianfer U iIPRYEaRR! L1 ONS

related to magnetic properties, n-as rnprovement of S/Nratio. [0014] For
exanpl e, the tha@Rsiiems o pRIIGHJRA pregedsminé aAd IMge@iddccodt.sk  conprising a

di sk-shaped substrate and a nagnetic recording |layer fornmed on the
substrate. |rM00ng nagnetic disk, the cross-section of the magnetic recording
| ayer taken along a pl ane perpendicular to the scanning direction is, for
exanple, 6 Also, the grooves having the above-mentioned depth can be formed with

high positional accuracy as compared with grooves having a depth

corresponding to the entire thickness of the magnetic recording layer.

Therefore, a DTR medium, a patterned medium, or the like can be formed with

high accuracy.

[0013]

Herein, the magnetic recording medium further has additional layers,
such as a protection layer and a lubricant layer, formed on the magnetic
recording layer. For example, the protection layer, lubricant layer, and the like
are formed on the entire primary surface of the substrate to a constant
thickness and, on the groove portions of the magnetic recording layer, sag down
along the groove portions. With this structure, even when the additional layers
for the purposes other than magnetic recording are formed on the magnetic
recording layer, it is possible to properly exhibit the effect of the groove portions
related to magnetic properties, such as improvement of S/N ratio.

[0014]

For example, the magnetic recording medium is a magnetic disk

comprising a disk-shapéd substrate and a magnetic recording layer formed c;n

the substrate. In the magnetic disk, the cross-section of the magnetic recording

layer taken along a plane perpendicular to the scanning direction is, for example,



a cross-section taken along a plane parallel to the radial direction.

[ 0015] The surface of the magnetic recording |ayer is, for exanple, one
surface nore distant fromthe substrate than the other. The depth of each
groove portion is, for exanple, a depth observed in a TEM phot ograph of the
cross- section. The maxi mum depth of each groove portion is preferably in
the range of 1 to 5 nmand nore preferably in the range of 3 to 4 nm In
each groove portion, a region having a pth equal to or greater than 1 /2
of the maxi mum depth has a width preferably in the range of 10 to 15% of a
track pitch. [0016] The vicinity of the center of each track in the

wi dt hwi se di reeciossisectinon faken akxgrgpplane padlat todhe sadial difectitie t rack having a
width in the range of 5 to 10% of the track pitch. The average hei ght

obt ai ned, i n t[A@1 ici nity of the centers of the tracks in the w dthw se

direction is, for he avera e of helghts spect a
predet ermi ned ref & 8 t@eﬁ%@%ﬂqt' IregQsaingdaysyril ?130?5/9’%”99 3(:%”%?”%?@

bstrat d nedi
the Lé‘gﬁet. ﬁ?ﬁ@dﬁ%ﬁﬂf@%i@%"?g&ﬁ 47 WFaRE it TRBH & e UpEie port i ons
but al t bi t
i cach trackoens o exaBle, 3Rt b n & TN oo RS, "anor
grooves, or tdtioh fRe h?ékﬂn@m Moséden @bov@pbﬂ@h as)bre&étabgn@wra@gétl ons
formed between the tracks. 018] (Structure 2) The nagnetic recording

| ayer contai nsf 1ntag31|erh|andgnanermetdrataym fretrahge sthm:uum InTéeechngrgond i ¢ gr ai ns
under the groove portion have a short crystal axis in a direction
per pendi cul arpartiors apiegiaariaving 4 depthafquahie ergisateathanals2 of the maximum

depth has a width preferably in the range of 10 to 15% of a track pitch.
[0016]

The vicinity of the center of each track in the widthwise direction is, for
example, a central area of the track having a width in the range of 5 to 10% of
the track pitch. The average height obtained in the vicinity of the centers of the
tracks in the widthwise direction is, for example, the average of heights with
respect to a predetermined reference plane parallel to the primary surface of the
substrate.

[0017]

When the magnetic recording medium is a patterned medium, the
magnetic recording layer is provided with not only the groove portions but also
concaved portions, short grooves, or the like for separating bits in each track
from one another. for example, the concaved portions, short grooves, or the
like have a depth similar to that of the groove portions formed between the
tracks.

[0018]
. (Structure 2) '
! The magnetic recording layer contains magnetic g;ains of a crystal
structure. The magnetic grains under the groove portion have a short crystal

axis in a direction perpendicular to a primary surface of the substrate as



7 conpared with the magnetic grains in the vicinity of the center of each
track in the widthwi se direction. Wth this structure, it is possible to
appropriately form the groove portions having necessary functions in a DIR
medium a patterned nedium or the like. [0019] For exanple, the nagnetic
recording |layer contains magnetic grains of hcp crystals. In this case, the
crystal axis perpendicular to the primary surface of the substrate is, for
exanple, the c-axis of the hcp crystals. ‘In this case, the nagnetic grains
| ocat ed under the groove portions are grains of the hcp crystals wth, for
exanple, their c-axes shortened as conpared with nmagnetic grains in the
vicinity of tcoepaeed with tie maghetia graks ip 002 0kinthef thegrestéroof gragh nsck ot at ed
under the groove portions may be degraded in crystallinity as conpared with
t he magneti c t@g amCﬁBWiSﬁ dinestien. cYVithithyis struchiee, deif thessibles togppronriairix forrbr,
exanpl e, degraded crystallinity is an increased variation of orientation.
For exanpl 6, 16HETIONERORSS WAINEAScsaSY TRGIORD &1 P o1 R MIPUHENARRISTRED by

i ncrease in urenent s, of A050. [00211 (Structure 3) A nethod of

manuf act uri ngﬁgd?H@gﬂre{F‘Fi'k ecordi ng medi um conprising a substrate and a
magnetic rec 661‘@9 | ayer fornmed on the substrate conprises a nmagnetic
recordi ng Ia3er ormation step of form ng the nmagnetic recording |ayer on

the substrate; a Pépé)%ﬁﬁle,nthbﬁ‘ﬁﬁdneftierr@@érﬂihg Iﬁ&%oﬁfaiﬁ%ﬂi{;ﬁéli@qrﬂfn@t&qi on
| ayer on the magnetic recording |ayer; and & pressing step of pressing a

non recor di nghepagysials Ofin tHecasy el trystabaxis gen@endryer to thedprithagadurfaoe f rom an
upper side of the protection |ayer towards a prinmary surface of the
substrat e t o df dhersubstrgueisy or gaampten thenc-akis af dme her onygialsyy Indisease,the
non-recor di ngm:rtgengeitigréréiﬁs located under the groove portions are grains of the hep crystals

with, for example, their c-axes shortened as compared with magnetic grains in

the vicinity of the center of each track.

[0020]

The magnetic grains located under the groove portions may be degraded
in crystallinity as compared with the magnetic grains in the vicinity of the center
of each track. For example, degraded crystallinity is an increased variation of
orientation. For example, the increased variation of orientation can be confirmed
by increase in measurements of A850.

[0021]

(Structure 3)

A method of manufacturing a magnetic recording medium comprising a
substrate and a magnetic recording iayer formed on the substrate comprises a
magnetic recording layer formation step of forming the magnetic recording layer
on the substrate; a protection layer formation step of forming a protection layer
on the magnetic recording layer; and a pressing step of pressing a non-
recording region of the magnetic recording layer in a direction from an upper
side of the protection layer towards a'primary surface of the substrate to form a

groove portion in the non-recording region. The non-recording region is

interposed between a plurality of recording regions in which magnetic signals



i nterposed between a plurality of recording regions in which magnetic
signals 8 are recorded, respectively. [0022] Wth this structure, the
recordi ng regions can be magnetically separated, for exanple, by the groove
portions formed in non-recording regions. Consequently, a DIR nedium a
patterned nmedium or the like is appropriately forned. [0023] It is
supposed that the groove portions are fornmed not by pressing but, for
exanple, by cutting the magnetic recordiﬁb |l ayer. In this case, in order to
form the groove portions after the formation of a protection |ayer, not
only the magnetic recording |ayer but also the protection |ayer nust be
subj ect ed t o areuetarded, relspantigely. t he protection layer is hard and therefore
difficult to cut. [0024] On the other hand, according to the Structure 3,

t he groove deQ?%ns can be appropriately forned even after the protection

| ayer is formed. Therefore, the substrate need not be renoyed froma film
fot ming appar at us I BIS SRS BRIPFUONGLEARNE G2 RedPagIelCalseparails  vi t h

in & manner 1Gse%RE, 7 ' Tl pB RS BRI e e T ocess tine and
W Th an addi 1) SeSIey, STTAERRIN o PRA BRI RCD: MBiOR ApHRPRg o de
protection | ggahedl n this case, in the pressing step, non-recording regions
may be pressed from an upper side of the protection |ayer by pressing the
protection | g9823}from an upper side of the additional |ayer fornmed on the
protection |ayer. [0026]
It is supposed that the groove portions are formed not by pressing but, for
example, by cutting the magnetic recording layer. In this case, in order to form
the groove portions after the formation of a protection layer, not only the
magnetic recording layer but also the protection layer must be subjected to
cutting. However, the protection layer is hard and therefore difficult to cut.
[0024]
On the other hand, according to the Structure 3, the groove portions can
be appropriately formed even after the protection layer is formed. Therefore,
the substrate need not be removed from a film forming apparatus after the
magnetic recording layer is formed. Thus, with this structure, a DTR medium, a
patterned medium, or the like can be formed in a manner less likely to cause
the problems of prolonged process time and increased cost.
[0025]
The magnetic recording layer may be further provided with an additional
layer, such as a lubricant layer, formed on the protection layer. In this case, in
the pressing step, non-recording regions may be pressed from an upper side of
the protection layer by pressing the protection layer from an upper side of the
additional layer formed on the protection layer. .
[0026] '
(Structure 4)

The protection layer comprises a diamond-like carbon film. The



(Structure 4) The protection |ayer conprises a dianond-like carbon film The
9 dianond-like carbon filmis, for exanple, a carbon-based film having a

di anond-1i ke structure. The dianond-like carbon film may additionally
contain, for exanple, hydrogen, nitrogen, and the like. [0027] The

di anond-1i ke carbon filmis very hard. However, with the Structure 4, even
if such a protection layer is used, the groove portions can be appropriately
formed after the protection layer is formed. [0028] (Structure 5) The net hod
further conprises a lubricant |ayer formation step of formng a |ubricant

| ayer on the protection |ayer. The pressing step conprises pressing the
non- r ecor di ngdiamgnadiliké carpoariiim ppdor exatepliefa carsohddased dilo hbgiygra Wth this
structure, the groove portions_can be appropriately formed after the |ayers
of the magnelip@opddise girngiureayBie dinmondrike sasest {imfrpayaeditipnally onéinubr i cant

| ayer. [0029 Structure 6) The pressi step conprises pressing the
non- r ecor di nd%Fé@'Bﬂlebpy(ﬁ'gg ”'téoietnaﬁﬁ@l%%%ﬁ-ng a pattern that corresponds

to the groov ﬁgﬁtion to be formed. Wth this structure, the pressing step
can be approgp ely carried out. [0030] (Structure 7) The pressing step

o F oo a1 ISR PAEORES IS bl BoheraRElano k|
this struct urgentiNgudi £5&itEiohtBRer R s tRPFNE ipdHRING cabde ifoititely
formed after the protection layer is formed.
[0028]

(Structure 5)

The method further comprises a lubricant layer formation step of forming
a lubricant layer on the protection layer. The pressing step comprises pressing
the non-recording region from an upper side of the lubricant layer. With this
structure, the groove portions can be appropriately formed after the layers of the
magnetic recording layer are continuously formed up to the lubricant layer.
[0029]

(Structure 6)

The pressing step comprises pressing the non-recording region by using
a stamper having a pattern that corresponds to the groove portion to be formed.
With this structure, the pressing step can be appropriately carried out.

[0030]

{Structure 7)

The pressing step comprises pressing the non-recording region by
bringing a needle-like member into contact with a surface of the magnetic
recording layer. With this structure, the pressing step can be appropriately

v carried out.
' [0031]
(Structure 8)

The recording regions are defined by a plurality of tracks that extend in a



[00311 (Structure 8) The recording regions are defined by a plurality of
tracks that extend in a 10 scanning direction of a magnetic head. The
pressing step conprises formng the groove portion in a region between the
tracks. The groove portion fornmed in the pressing step is fornmed so that,
in a cross-section of the magnetic recording |ayer taken along a pl ane
perpendi cul ar to the scanning direction, the maxi nrum depth of the groove
portion is in the range of 0.5 to 10 nmWth reference to an average hei ght
of the tracks between which the groove portion is interposed, the average
hei ght being obtained in the vicinity of the centers of the tracks in a

wi dt hwi se di rssanhing.didestienidi 2 imagnetib bead.dT he pfessingesiép nomprisérefognogy e
portion having a depth equal to or greater than 1/2 of the maxi mum depth is
in the rangdhefarepvepastion bra ediorabatwsendhe acksn The arogve parioa fewiegkien t he

t f ' t : the t ks in the w.dthw di tion. [0032
The. above menP GHETTS D50 61 OKHRAISR 1Bilp PUbFIOE SRy ATbPHEA TAISNE S RPESdi ng

Formed i & namgtaRkLaonBAairye BaRRhHELEF R MR clfhing et it Bl oo
time and incregsed ﬁésgfrgox'r:é ﬁ&ﬁgvginttﬁé‘ rAnEesd. 9 )1/@ ?Whh Péf%@'lg@b'ﬂ&aho the

present i nvention, possi | to appropri atg? orma medi um a
patterned nedivsiagePheihEofth& Gabiks Beti@BASFidIEHS drbbwd I\goﬂi@n]‘f@iﬁﬁéicgoééﬁﬁ probl ens
S or

of prolonged process tine and increased cost. Best de rrying Qut
the | nventi onhe[06Rge Heimideingeoiitaihid in the vicinity of the centers of the tracks in a

widthwise direction. In addition, the width of a region of the groove portion

having a depth equal to or greater than 1/2 of the maximum depth is in the

range of 5 to 30% of a track pitch which is a distance between the centers of

adjacent ones of the fracks in the widthwise direction.

[0032]

The above-mentioned grooves can be appropriately formed by the
pressing step. Therefore, a DTR medium, a patterned medium, or the like can

be formed in a manner less likely to cause the problems of prolonged process

time and increased cost.

Effect of the Invention
[0033]

According to the present invention, it is possible to appropriately form a
DTR medium, a pattemed medium, or the like in a manner less likely to cause

the problems of prolonged process time and increased cost.

Best Modes for Carrying Out the Invention
[0034]
{(Embodiment 1)
Now, an embodiment of the present invention will be described with

reference to the drawings. Fig. 1 shows a structure of a magnetic recording



Now, an enbodi nent of the present invention will be described with
reference to the drawings. Fig. 1 shows a structure of a nagnetic recording
11 nmedium 10 according to an enbodi mnent of the present invention. The
magnetic recording nedium 10 is a nagnetic disk to be nounted to a HDD
(hard disk drive) of a perpendicular nmagnetic recodi ng system and conpri ses
a substrate 12, an adhesion |ayer 14, a ?oft-nagnetic | ayer 16, a first
under| ayer 18, a second underlayer 20, | per pendi cul ar magnetic recording
| ayer 22, a protection layer 24, and a |ubricant |ayer 26. [0035] The
substrate 12 is, for exanple, a disk base nmade of glass. For_ exanple, the
gl ass may be mpdiiMmbeacearding tgrasmbadinenindibe osentiaventifinasee magaetid i ne
gl ass, and so on..Anona@others, alum.nosilicate glass is _favorabl

Al ternati vel yECRIMEIWTYI @552 BIAO8PYG Eisk 19 Pe MRS e D&Yﬂ%gé‘!s The

coran o5 or e Pl & BemesRishit Frebheyh desiitd Spism T oMt 3 nstaiee

dhesi bet { t [ nat | 16. | t hi
erbodi mont . 11 20 heSKATHA 13, 2 endREgde AR e IR N e, | S
of the adhesi Qioh@YREeAdydr20, i PorpcPRTR Saghii O¥idTalg iyt @2nE  [0037] The

_ e
soft-magnetic layer 16 florns a nagnetic circuit betweén a head and the

per pendi cul arprawgiien layef 24 0drt AWDriexer layer.2g-or exanpl e, the soft-nagnetic
| ayer 16 may be made of a Fe-based material, a Co-based material, or the

i ke. The tHi008bjess of the soft-magnetic layer 16 is, for exanple, in the
range of 10 to 200 nm preferably in the range of 20 to 100 nm [0038]

The subsirate 12 is, for example, a disk base made of glass. For
example, the glass may be aluminosilicate glass, aluminoborosilicate glass,
soda lime glass, and so on. Among others, aluminosilicate glass is favorable.
Alternatively, amorphous glass or crystallized glass may be used. The
substrate 12 may also be a nonmagnetic substrate made of carbon, Ti,
ceramics, or the like.

[0036]

The adhesion layer 14 serves to improve adhesion between the substrate
12 and the soft-magnetic layer 16. In this embodiment, the adhesion layer 14 is
an amorphous GrTi layer. The thickness of the adhesion layer 14 is, for
example, approximately 10 nm.

[0037]

The soft-magnetic layer 16 forms a magnetic circuit between a head and
the perpendicular magnetic recording layer 22. For example, the soft-magnetic
layer 16 may be made of a Fe-based material, a Co-based material, or the like.
The thickness of the soft-magnetic layer 16 is, for example, in the range of 10 to
200 nm, preferably in the range of 20 to 100 nm.

[0038] ,
In thi’s embodiment, the soft-magnetic layer 16 has a pIuréIity of soft-

magnetic material layers (SULs) diamagnetically coupled with a Ru layer

interposed therebetween. The thickness of the Ru layer is, for example,



In this enbodi ment, the soft-nmagnetic |ayer 16 has a plurality of soft-
magnetic material |ayers (SULs) diamagnetically coupled with a Ru | ayer

i nt erposed t herebetween. The thickness of the Ru layer is, for exanple, 12
approximately 0.9 nm Each of the soft-magnetic material |ayers may be, for
exanpl e, a CoTaZr |ayer having an anor phous structure. Each of the soft-
magnetic material |ayers has a thickness,in the range of, for exanple, 20 to
27.5 nm [0039] The first underl ayer 18 éhd t he second underl ayer 20 serve
to control the crystal structure of the perpendi cul ar magnetic recording

| ayer 22. In this enbodinment, the first underlayer 18 is a Ta |ayer. The
first under!| agpprodigiately 09 nmhiksiched theosoft-ragneticimatasial layprsowayieeioy 3 nm
The second underlayer 20 is a Ru alloy layer. The second underl ayer 20 has
.a thickness ofXampie, abanpfdayerdiyinganamershops siwetureokash shidegditbendi cul ar

magnetic recording. | ayer. 22 is a magnetic |ayer containing magnetic grains
havi ng a crysWanéiqm%pﬂPél?yqrﬁé‘aﬁér 52‘5?%%”3%9 rﬂ%%en%é qu{ %Xé&@#%i%ﬁéw ayer 22
is preferably. Ar netic layer having a granular structure in which oxides
segregate at %o‘un dries between the mniaturized crystal grains. In this

enbodi nent , t@g:;,gjerpendi cul ar magnetic recording layer 22 is a
(CoCrPt)-6(SiQ2) 1ayer. The perpendi cul ar magnetic recording |ayer 22 has a

thickness in the mhegrstaindefi@yerereedil e secbed dhdévayepraisenaibyohtiotthe range
of 10 to 40 nm [0041] The protection | ayer 24 serves to protect the

per pendi cul arcrysighgtucturercd thue peénpgndiaylar m2@nétioraconpag tayef 22 hén thesad and
conprises, for exanple, a carbon-based film The protection |ayer 24
preferably coepbodiement the Hrabnodeniayer 18 is a Ta layer. The first undertayer 18 has a

thickness of, for example, approximately 3 nm. The second underlayer 20 is a
Ru alloy layer. The second underlayer 20 has a thickness of, for example,
approximately 20 nm.

f0040]

The perpendicular magnetic recording layer 22 is a magnetic layer
containing magnetic grains having a crystal structure. The perpendicular
magnetic recording layer 22 is preferably a magnetic layer having a granular
structure in which oxides segregate at boundaries between the miniaturized
crystal grains. In this embodiment, the perpendicular magnetic recording layer
22 is a (CoCrPt1)-6(SiOy) layer. The perpendicular magnetic recording layer 22
has a thickness in the range of, for example, 5 to 45 nm, preferably in the range
of 10 to 40 nm.

[0041]

The protection layer 24 serves to protect the perpendicular magnetic
recording layer 22 from impact of the head and comprises, for example, a
carbon-based film. The protection layer 24 preferably comprises a diamond-like

. carbon film. The thickness of the protection layer 24 is, for example, in the
, range of 1 to 7 nm, preferably in the range o;‘ 3to 5 nm. The lubricant layer 26
serves to improve lubricity between the head and the magnetic recording

medium 10. The lubricant layer 26 is, for example, a PFPE (perfluoropolyether)



carbon film The thickness of the protection layer 24 is, for exanple, in
the range of 1 to 7 nm preferably in the range of 3 to 5 nm The |ubricant
| ayer 26 serves to inprove lubricity between the head and the magnetic
recording mnmedium 10. The lubricant |ayer 26 is, for exanple, a PFPE
(perfluoropolyether) 13 filmformed by dip coating. [0042] The magnetic
recordi ng medium 10 may further contain 33thin netal |ayer, for exanple,
made of CrTi or the |ike and, for exanpl €, forned between the perpendicul ar
magneti c recording |layer 22 and the protection layer 24. Wth this
structure, the surface of the perpendicular magnetic recording |ayer 22 of a
granul ar st r uidmicened by iskp eeatidgappropri ately protected. [0043] The magnetic
recordi ng medium 10 nmay further conprise, as the second underlayer 20, two
Ru al loy |ayel084dl fferent in size of crystal grains and intergrain distance

f h her . hi h | f | | ]
i 26 of orystal oo RRGRREE FtontgE MR Rk HitEr SRAGI o mladsen '
ecording 1 apbexeBie s 6B 18g R OPeERRRENRAIBen AR T |\

per pendi cul ar ,aRERGENIRT FRAGABEE RGotdElaydR22 afli he BrotébtiohJaybrap wiew of the
per pendi cul ar magnetic recCording |ayer 22 and shows an array of tracks 102

arranged on tims giargaeedineluafaceBgitet parpéadionldi magnéiiy@coRihg fAher 22 ecks 102
define regions of the perpendicul ar nmagnetic recording |ayer 22 where
magnet i ¢ si gnglasubar struetote chirdbaenbre approgriatelyt pretecdedhnni ng direction of the
magneti c head. [0045] In this enbodi nent, the perpendi cul ar nmagnetic
recording | ay043b is

The magnetic recording medium 10 may further comprise, as the second
undertayer 20, two Ru alloy layers different in size of crystal grains and
intergrain distance from each other. In this case, the upper layer preferably has
a smaller size of crystal grains and a longer intergrain distance. With this
structure, isolation of crystal grains in the perpendicular magnetic recording
layer 22 is promoted.

[0044]

Fig. 2 shows a structure of the perpendicular magnetic recording layer 22.
Fig. 2 (a) is a top view of the perpendicuiar magnetic recording layer 22 and
shows an array of tracks 102 arranged on the perpendicular magnetic recording
layer 22. The tracks 102 define regions of the perpendicular magnetic
recording layer 22 where magnetic signals are recorded and extend in the
scanning direction of the magnetic head.

[0045]

In this embodiment, the perpendicular magnetic recording layer 22 is
provided with a plurality of tracks 102 arranged in parallel to one another in a
direction intersecting with the head scanning direction. Regions interpased
between every adjacent iracks 102 define guard band regions 104 as non-
recording regions. In this embediment, each guard band region 104 is provided

with a groove portion 202 extending along the tracks 102.



provided with a plurality of tracks 102 arranged in parallel to one another
ina direction intersecting with the head scanning direction. Regions

i nterposed between every adjacent tracks 102 define guard band regi ons 104
as non- recording regions. In this enbodi nent, each guard band region 104 is
provided wth a groove portion 202 extending along the tracks 102. 14
[0046] In this enbodi nent, the scanning qirection of the magnetic head is a
circunferential direction of the substraté 12 (see Fig. 1). Therefore, the
tracks 102 are concentrically arranged at a constant track pitch L. The
track pitch is a distance between the centers of the adjacent ones of the
tracks 102 i 0846 dt hwi se direction. In this enbodiment, the track pitch L

is, for exanple, in the range of 60 to 200 nm preferabl ﬁ%}]n %he range of
70 to 150, nm nor & Bliee®Pagiment;the saanning giegiongy the meghehaea0 64 Fig. 2

22 and shows QL TBiERREERTEN Sl e SEUBTHBI T (e 530, Tribeteldres FEHdbon &7
k I : ' ' ' f 12.
o this embool RAe cTRETPAl Afreh 4 A% Pl IRE) th & ThORGRKBRARE, on o

each guard bas@nee8e@eehifie cBniehCotthe Hapcant ShéL6ithe fraci$1802R¥a mum depth D
of each groove portion 202 is, for exanple, 1n the range of 0.5 to 10 nm

preferably iwidtHviise aingstionl 1A thi® embatimémn thexaithipitch Lhs, fdeptdmpble] id the dept h
with respect to the average height depicted by a broken |ine 302. The

aver age hei ghtangs of 60to 2e& anpIpesfetaidy iavibe aargyehafi 7ghto 10t ran yadre prefanablyi ci nity
of the centers of the two tracks 102 between which the groove portion 202

i s interposedn the range ¢fdlital®Od¥ht h D of each groove portion 202 is
excessively gﬁsﬁ (greater than 10 nn), cracks will be caused to occur in
the protecti der formed on the perpendicul ar magnetic recording | ayer.

Fromthe cracks, Fig. 2 (b} is a cross-sectional view of the perpendicular magnetic
recording layer 22 and shows a structure of the groove portion 202. The cross-
section is taken along a plane parallel to the radiai direction of the substrate 12.
In this embodiment, the groove portion 202 is formed at a center portion of each
guard band region 104 in the widthwise direction. The maximum depth D of
each groove portion 202 is, for example, in the range of 0.5 to 10 nm, preferably
in the range of 1 to 5 nm. For example, the depth D is a depth with respect to
the average height depicted by a broken line 302. The average height is, for
example, the average height obtained in the vicinity of the centers of the two
tracks 102 between which the groove portion 202 is interposed.

If the maximum depth D of each groove portion 202 is excessively deep
(greater than 10 nm), cracks will be caused to occur in the protection layer
formed on the perpendicular magnetic recording layer. From the cracks,
corrosion of the perpendicular magnetic recording layer is started.

If the maximum depth D of each groove portion 202 is excessively

shallow (smalier than 0.5 nm), no substantial difference exists between crystal

-

axes of the magnetic grains at a pressed portion of the perpendicular magnetic
recording layer and those at a non-pressed portion. Therefore, perpendicular

magnetic anisotropy is not decreased so that magnetic separation can not be



corrosion of the perpendicul ar magnetic recording layer is started. If the
maxi mum depth D of each groove portion 202 is excessively shallow (snaller
than 0.5 nn), no substantial difference exists between crystal axes of the
magnetic grains at a pressed portion of the perpendi cul ar magnetic

recording layer and those at a non-pressed portion. Therefore, perpendicul ar
magneti c ani sotropy is not decreased so %gat magneti c separation can not be
15 achieved. [0048] In each groove porti®en 202, a region having a depth
equal to or greater than 1/2 of the maxi mnum depth D has a width W
corresponding to, for exanple, 5 to 30% preferably 10 to 15% of the track
pitch L. Wthadhfdvedst ructure, nmgnetic separation between the tracks 102
can be appropriately perfornmed. Therefore, the magnetic recordi ng nedium 10
properly wor 8048 a’ DTR nedium |f the width Wof each groove portion,202 is
excessively | arge

t th 3099, th or ti d d i ti
ani sotropy are i nf'ﬂ(' g%é‘ggf’%gﬁpg%i%p b ?ée@ﬁﬁﬁé@'ﬁéé‘s nqilﬁrea%!%@s&rbge%%%ggi ![;:/
0049] Th [ J ' [ t hi
oA o Gt D L R UG A G L

portions 202 Hif 3. SekefRIER 4o REEA e tracHOBtcHIr CRMBTis rubife | | ke Tor
separating bits 1n each track 20 fromone anot hér. The concaved portions,

short gr Oove&na?metfcfyépb:réﬁ@nfbﬁméh thentdtks 1oRlcah He%ﬁdﬂ@qﬁridtélﬁtpbﬁo@ﬁ@&ve
portions 202. 0050] Fig. 3 is a flow chart showi ng a nethod of

manuf act ur i ngrtdrefonedhe hiagnetie capoeding meelilim mOkBopény worksfasld DRRNgedium.
description, the steps may be sane as or simlar to known steps except for
t he pressing steplisha@idthd¥sipach groove portion 202 is excessively large (greater

than 30%), those portions reduced in magnetic anisotropy are increased. This

results in decrease in recording capacity.

[0049]

The magnetic recording medium 10 may be a patterned medium. In this
case, the magnetic recording layer 22 is provided with not only the groove
portions 202 but also concaved portions, short grooves, or the like for
separating bits in each track 102 from one another. The concaved portions,
short grooves, or the like have a depth similar to that of the groove portions 202.
[0050]

Fig. 3 is a flow chart showing a method of manufacturing the magnetic
recording medium 10. In the following description, the steps may be same as or
similar to known steps except for the pressing step S110.

[0051]

In this embodiment, the substrate 12 is cleaned at first (S102}. Then, the
substrate 12 is mounted to a film forming apparatus such as a DC magnetron
sputtering apparatus. An adhesion layer formation step, a magnetic recording
layer formation step, and a protection layer formation step are successively .
carried out to form the adhesion layer 51 4, the perpendicular magnetic recording

layer 22, and the protection layer 24 (5104). In the protection layer formation

step, the protection layer 24 is formed, for example, by CVD. Each of the



In this enbodi nent, the substrate 12 is cleaned at first (S102). Then, the
substrate 12-is nounted to a filmform ng apparatus such as a DC nagnetron
sputtering apparatus. An adhesion |ayer formation step, a nagnetic recording
| ayer formation step, and a protection |ayer formation step are successively
carried out to formthe adhesion |ayer 14, the perpendi cul ar nmagnetic

recording layer 22, and the protection I1 yer 24 (S104). In the protection
| ayer formation step, the protection layer 24 is forned, for exanple, by

CVD. Each of the 16 adhesion layer formation step, the magnetic recording

| ayer formation step, and the protection |ayer formation step is carried
out, for ex arﬁﬂ@smwawlfﬁ@n%tlonrﬁéemdhe swgnetie reﬂor@nmay@r fqrmatnn@ stePo@nd et hod.
For exanpl e, kn t he adhesion |ayer formation stgp hesion layer 14 is
formed on thd g@é@t@ptgtrblaygrforrﬂathrh:geprgg%fIWOpgé Y .! e'%s”?g)?rratlon st ep,
t he per pendi cul ne cor orne ubstrate 12
after those | Bp0Pg TS fesianEdhE inp G tﬁadtﬁosﬁm%solﬂaﬁﬁﬁa Rer 20
T orred U Nelai8m At 893S adhBEoRIRRP HhiOR MBS tﬁéguta&ﬁf@ﬁ@tq tion

llayer 24 is f erpen etic recor 2. Thu

in this emo%@‘?ﬁ‘éqne‘tu@ rédfb?étﬂ $éy%‘?$orfﬂa‘?i6htslf® tw@b@@bﬁach@yﬁ{agﬁ@ﬁ@atlon step
to the protection1ayer ormatlon step, the respective layers fromthe

adhesi on | ayerecddirigolaydre2disdbmedd om theasidystrate 82 aftesthose yenehromitios med on t he
substrate 12 wi thout renoving the substrate 12 from the filmform ng

appar at us. [ CafiEsioBubpsdfeintthy secoriduimdetlaper 2Ggeer fofroedihdreon.shepedasdsarri ed
out to formthe | ubricant | ayer 26 on the protection |ayer 24 (S106)
Preferably, tHHe preiseliruiayer $‘a>ﬂé¢ pm%@nul@veraﬁgqu@m Berhedpentlieuiar f| | m

f d |
and cont | huouBRgRERPR NG BYTRA%. offiy It HreciabPalerl Tauiss s BB e on
| ayer 24. Nexéd g@ (%qgfer\fglr L %i%pe # 2 drﬁtecﬁ(?ﬁ [%SpfOQMEtléﬁsfeﬁnﬁl\ée particles,

protrusions, rom surface
respective layers from the adhesion layer 14 to the protection layer 24 are

successively formed on the substrate 12 without removing the substrate 12 from
the film forming apparatus.
[0052]

Subsequently, a lubricant layer formation step is carried out to form the
lubricant layer 26 on the protection layer 24 (S106). Preferably, the lubricant
layer formation step is performed in the film forming apparatus used to form
those layers up to the protection layer 24 and continuously from the formation of
these layers up to the protection layer 24. Next, a head varnishing step is
carried out to remove particles, protrusions, and the like from the surface of the
magnetic recording medium 10 with those layers up to the lubricant layer 26
formed thereon (S108). This head varnishing step may be replaced by a tape
yarnishing step using a tape.

[0053]

Next, a pressing step is performed (S110). In the pressing,step, the
perpendicular madnetic recording layer 22 is pressed in an area to be ti\e guard
band regions 104 in a direction from an upper side of the lubricant layer 26

towards the principal surface of the substrate 34. Thus, in the pressing step,



magneti c recording nmedium 10 with those |layers up to the lubricant |ayer 26
formed thereon (S108). This head varnishing step may be replaced by a tape
varni shing step using a tape. [0053] Next, A pressing step is perforned
(5110). In the pressing, step, the perpendicular magnetic recording |ayer
22 is pressed in an area to be the guard band regions 104 in a direction
froman upper side of the lubricant |ayer, 26 towards the principal surface
of the substrate 34. Thus, in the pressﬂﬁg step, 17 the groove portions 202
are formed in the guard band regions 104. Wien the |lubricant layer 26 is
formed using another filmformng apparatus different from that used to
form t hose | thegreouppotionh20pac ecmnedmn theygirar@ dand hegipne $84.nWWhendpe may be
carried out between the protection layer formation step and _the | ubricant

| ayer for mat lUBAC&Rteqyer 2608 Mrmed using pratbe filg fetaipg aprarajusadifersahforegi ons

104 ing, f | e, t ' tt hat
cor rasponds. T8 PREH g ass A/ amep toghs PRIES pat et THbEresEnd slffonas 1 o

t he groove p ian i . i . C t at

corr esponds (B ¢EaRIEE a8y BIERIEOR iyl MG SR B8 Rl S
is formed by @beirrﬂﬁﬁérrétep?cmm ogy. In this manner, the groove portions
202 can be appropriately Torned by pressing. The stanper nay formvarious
ki nds of narfgesg) on the perpendi cul ar magnetic recording |ayer 22

sinmul taneously wth the formati on of the groove portions 202. For exanple,
such marker nmay be tke prskieg stepdititaguag mnseegionstl 84 taragrgssedusinh0@s5] 1 n the
pressing step, the guard band regions 104 may be pressed by bringing a
needl e-| i ke @x¥arple, 8 saMpey @Vmeﬁw@ﬂ&mk@tmﬂ'ﬁﬁmﬂ% toring gragve poglimSact wit h

the surface of the perpendi cul ar magnetjc recordi | aye 2. In
(2)02. Ji]he Batt rn' that corresponc?s to t\1e groove portrll ns 51612 IrS, %r example, a

discrete track pattern that corresponds to groove portions for a DTR medium.
For example, the stamper is formed by nancimprint technology. In this manner,
the groove portions 202 can be appropriately formed by pressing. The stamper
may form various kinds of markers on the perpendicular magnetic recording
layer 22 simultaneously with the formation of the groove portions 202. For
example, such marker may be a marker indicating a servo starting point.

[0055]

In the pressing step, the guard band regions 104 may be pressed by
bringing a needle-like member such as a needle-like machining chip into
contact with the surface of the perpendicular magnetic recording layer 22. In
this case, it is preferable that the needle-like member is brought into contact
with the surface of the perpendicular magnetic recording layer 22 while the
magnetic recording medium 10 is rotated. In this case also, the groove portions
202 are appropriately formed by pressing.

[0056]
The pressing step is followed by an inspection step of inspecting the
| magnetic recording medium 10 (S110). Then, the flbw chart is terminated. In
the inspection step, for example, a glide test may be performed.

[0057]



this case, it is preferable that the needle-1ike nenber is brought into
contact wth the surface of the perpendicul ar magnetic recording |ayer 22
while the nmagnetic recording medium 10 is rotated. In this case al so, the
groove portions 202 are appropriately formed by pressing. [0056] The
pressing step is followed by an inspection step of inspecting the magnetic
recordi ng medium 10 (S110). Then, the flg chart is termnated. In the

i nspection step, for exanple, a glide te may be perforned. [0057] 18
According to this enbodiment, the groove portions 202 are appropriately
formed after the formation of those layers up to the lubricant |ayer 26.
Therefore, it is Aaewdingdarthisembodiroen, theereovspordicas 202 areappropliatelyf or m ng
apparatus after the formation of the perpendicul ar nagnetic recording |ayer

22.  Thus, ade@hef Alertae iNMatiensbHIosenRYCra UBIRIEHPUFAM AYPaALPer ned nedi um

The ' probl enslTBreTBr fonyaRcsRsERYe rBAYe L heTAB S HOREE i {Bmag Crhe
P! : ! ) | . .

et g e RN S Pl 2,

surface of t ewstinstirahg d fhis bRlbolHAR] £ DTREmEARRRTAS S inbiurfTmgnet | ¢

grains in the vicinity of the center of each track 102. As a result, the

crystallinityheliké bgn B@gppwpeiawpiommeumdgrmém@rmssome?/narctahg@md s inferior,
for exanple, as conpared with that in the vicinity of the center of each
track. In thprebleassesf ppaopgadtiproatss timagmdtinareasedseastopy in t he guard band
regions 104 is decreased so that magnetic separation between the tracks 102
is nore apprlBP®8lately carried out. Therefore, according to this enbodi ment,

t he groove ortigps 202 havi a function necessary.inh a DIR nediu a
pattgr ned P ?He magneﬂc grarllﬁs under the groove port?ons 2’02 fgrmeg) in the m

pressing step have a short crystal axis in a direction perpendicular to the
primary surface of the substrate 12, for example, as compared with the
magnetic grains in the vicinity of the center of each track 102. As a result, the
crystallinity of the magnetic grains under the groove portions is inferior, for
example, as compared with that in the vicinity of the center of each track. In
this case, perpendicular magnetic anisotropy in the guard band regions 104 is
decreased so that magnetic separation between the tracks 102 is more
appropriately carried out. Therefore, according to this embodiment, the groove
portions 202 having a function necessary in a DTR medium, a patterned
medium, or the like can be more appropriately formed.

[0059]

(Embodiment 2)

Hereinafter, Embodiment 2 of the present invention will be described with
reference to drawings. Fig. 5 shows a magnetic recording medium 10
according to one embodiment of the present invention. Fig. 1 (a) shows a
structure of the magnetic recording medium 10. In this embodiment, the
magnetic recording medium 10 is a magnetic disk of a double-layered
perpendicular medium type to be mounted to a HDD (hard disk drive) of a

perpendicular magnetic recording system, and comprises a substrate 12, an



medium or the like can be nore appropriately fornmed. [0059] (Enbodi nent 2)
Herei nafter, Enbodi ment 2 of the present invention will be described with
reference to drawings. Fig. 5 shows a magnetic recordi ng nedi um 10
according to one enbodi nent of the present invention. Fig. 1 (a) shows a
structure of the magnetic recording nedium 10. In this enbodi nent, the

magnetic recording nmedium 10 is a magnet{c di sk of a doubl e-1l ayered

per pendi cul ar nediumtype to be nounted ® a HD (hard disk drive) of a

per pendi cul ar magnetic recordi ng system and conprises a substrate 12, an 19
adhesion | ayer (a coherent layer) 14, a soft-magnetic |ayer 16, an

under | ayer 1@&dhesiopdayee (@ cchérant lapemddi 8 sobaoaghetig layeyd6, as30nderiayeot 8ct i on

| ayer 24, and a lubricant layer 26 in this order. The perpendicul ar
nmagneti ¢ r ec&RABENiIcYaT magoetiqygsorgling lawen 430, leayfeteciomlayar ébuld &g control

| ayer 422, and a conti nuous fil l.ayer 424. In this enbodijpment, t

Subst rate 15 MraRaHRIOR hisasen 4E e aiey B gaRe R oeaihd ket 1

Gescr bed | nTEnaor Al RrLT0. ChpERG b las oMol Froflngd B H0TT oo

[0060] The underligyer 18 serves to control the crystal structure of the
per pendi cul ar ‘magnetic recording | ayer 430. The underl ayer 18 may be a

nul tilayer film cprprs@abadimantiie ahbstnate| 2 kha dahedioh idyas 14) thetdofts
enbodi ment, the underlayer 18 conprises a first orientation control |ayer,

a second ori emigretiofayee d6} thelprbi@gion lagar 24 alrat the tulpicanblayer28 aneesimiland a
mniaturization pronoting |ayer which are fornmed on the soft-magnetic | ayer
16 in this orfe#hosed®seried in Embodiment 1 and, therefore, description thereof is
omitted.
[0060]
The underlayer 18 serves to control the crystal structure of the
perpendicular magnetic recording layer 430. The underlayer 18 may be a
multilayer film composed of a plurality of kinds of films. In this embodiment, the
underlayer 18 comprises a first orientation control layer, a second orientation
control layer, an isolation promoting layer, and a miniaturization promoting layer
which are formed on the soft-magnetic layer 16 in this order.
[0061]
The first orientation control layer serves to controt the crystal orientation
of the second orientation control layer as an upper layer formed thereon. In this
embodiment, the first orientation controt layer is, for example, a Ta layer or a
CoCrTa layer having a bce crystal structure near an amorphous structure. The
thickness of the first orientation control layer is, for example, approximately 3
nm. The second orientation control layer serves to improve the orientation of an
upper layer formed thereon. In this embodiment, the second orientation control
layer is a Ru layer having a hep crystal structure. The second orientation
control Iayer' has a thickness of, for example, approximately 10 nrin.

[0062]

The isolation promoting layer serves to promote isolation of the crystal



T

The first orientation control |ayer serves to control the crystal
orientation of the second orientation control |ayer as an upper | ayer
formed thereon. In this enbodinment, the first orientation control |ayer is,
for exanple, a Ta layer or a CoCrTa | ayer having a bcc crystal structure
near an anor phous structure. The thickness of the first orientation control
| ayer is, for exanple, approximately 3 nm The second orientation control

| ayer serves to inprove the orientation a2 an upper |ayer forned thereon.
In this enbodi nent, the second orientation control layer is a Ru |ayer
having a hcp crystal structure. The second orientation control |layer has a

thi ckness of grdiRs bp¥apathfng BHRIHITRIcRsOf HA r [d)86kmEBehdragh aFbpn
pronoting | ayer serves to pronote isolation of thé crystal 20 grains by

Sseparating teramplpasws isolation pforadtinglagsr is fyratedityy sprdtetihgueder a bas  exanpl e,
the isolation pronoting layer is formed by sputtering under a gas pressure
hi gher than phegsuduhigher than rifedticunng forntedioRwf theyBo layertlsdhseewrndl ori ent ati on
control layer. Thus, the isolation promoting layer is formed as a layer in
whi ch cryst apgepiation ﬁﬁmtm'éﬁt@fcﬂ'@%éﬁe ifokaties napaoting Ryt sdofmesha®adayEiot her .

In this enbodinent, the isolatjon pronmoting |layer is Ru | ayer having a hc
crystal ot rudt BPEh oryRiAls a6 S ANG FOMAoF P 2Rsoniiael ' eRuasethar. for
exanple, ap ' : : 3 \.niatur i i L.hg | ayer
cerves to pr ongteeRbR et DescatRn oy bl FE it eV e By er
formed there | e-m? M0 ' | ' ayer is
a |layer (Cngra ﬂ@it%"f’g@ier‘) 0 %glﬁgrﬂgﬁ)ﬁrgﬁund;ﬂ[a%@@ﬁ%ﬁg%@ gfﬁr’ggpéh*on IJgeg’ngtic
crystal grai Bppraximi@iycto @2 segregates at boundaries between nonmagnetic
CoCr crystal grains. I'n the mniaturization pronoting |ayer, the crystal
structure of [@#B3] is, for exanple, a hcp crystal structure. The

m niaturization pronoting layer may partially contain CoCr of a_
The miniaturization promoting iayer serves to promote miniaturization of

crystal grains of an upper layer formed thereon. In this embodiment, the
miniaturization promoting layer is a layer (CoCr-SiO; layer) of a granular
structure containing nonmagnetic crystal grains, in which SiO; segregates at
boundaries between nonmagnetic CoCr crystal grains. In the miniaturization
promoting layer, the crystal structure of CoCr is, for example, a hcp crystal
structure. The miniaturization promoting layer may partially contain CoCr of a
bce crystal structure. In the miniaturization promoting layer, the content of SiO;
is, for example, approximately 12 at% (for example, 10 to 16 at%). The
thickness of the miniaturization promoting layer is, for example, approximately 2
nm. On the miniaturization promoting layer, the granular layer 420 of the
perpendicutar magnetic recording layer 430 is formed.

[0064]

The granular layer 420 has a granular structure in which oxides
segregate at boundaries between miniaturized crystal grains, and is an example
of a primary recording layer. in this empodiment, the granular layer 420 is a

* CoCrPt-SiO- layer and contains magnetic gre;ins and a nonmagnetic substance

that magnetically separates the magnetic grains from one another at the

boundaries of the magnetic grains. The thickness of the granular layer 420 is,



bcc crystal structure. In the mniaturization pronoting |ayer, the content
of SI2 is, for exanple, approximately 12 at% (for exanple, 10 to 16 at%.
The thickness of the mniaturization pronoting |layer is, for exanple,
approximately 2 nm On the mniaturization pronoting |ayer, the granular

| ayer 420 of the perpendicul ar magnetic recording |ayer 430 is forned.

[ 0064] The granul ar | ayer 420 has a granglar structure in which oxides
segregate at boundari es between m ni atur Yed crystal grains, and is an
exanple of a primary recording layer. In this enbodi ment, the granular

| ayer 420 is a CoCrPt-Si02 | ayer and contains magnetic grains and a
nonmagnet i ¢ dabsxample, 2@ het ormesm ereferdblyingbp sarngeesf & toel thagnetore grains from
one another at the boundaries of the nagnetic grains. The thickness of the
granul ar | aydwetesaply i1 therangepf eitpne (forexample. anpseximaiely 08By in the
range of 8 t% Qg nm nore preferably in the range of 7 to 15 nm (for

exanpl e, appr8 %@Iely 9 nm. [0065] In the granular |ayer 420, the

magnetic grains ajylorghih gg@# 350, S IrRighbgra p&s%ﬁgﬂ@giag%g%&fn

ani sotropy, and reve eti ¢ 'nome resporise nal's recorded

in the gr a”“'ﬁrpérﬂ:}f&ﬂal g?nétrt‘: éH?éo?rofFﬁpé’ﬁH f&Bise 4 H‘%gn@ﬁ(ggﬁrﬂéhtg{ ains are

CoCrPt of a hcp crysta ructure. e size (dianeter) each magnetic

grain is in tlagpdraieas sifnald RcoricaATkife %ﬁnnmarmenapo.pnrefrm@rhbydihfent,tth@ range
of 8 to 15 nm The width of the grain boundary of the magnetic grains is

equal to or gnagtetic grhiae ate SolnPt dfar hexenyplabstruatureh el heasizge (didmater)anf20 nm
Herein, the width of the grain boundary of the magnetic grains is, for
exanpl e, t hecaphignagnetiorgrainds isthefrange:olg fatiexanplen delei 28snf prefrsabliidinet i ¢
grains n the dranilar ) Aver 430 L0095 TS, BONMBANG! k. SUBRLANSSins

is equal to or greater than 0.5 nm, for example, in the range of 1 to 20 nm.

Herein, the width of the grain boundary of the magnetic grains is, for example,

the average of widths of the grain boundaries of the magnetic grains in the

granular layer 420.

[0066]

The nonmagnetic substance contained in the granular layer 420 is a

nonmagnetic oxide that segregates at the boundaries of the magnetic grains. In

this embodiment, the nonmagnetic substance is, for example, silicon oxide

(SiOz). As the nonmagnetic substance, for example, titanium oxide (TiO2) may

be used instead of SiO,. In the granular layer 420, the content ratio of SiO; or

the like is, for example, in the range of 10 to 16 at%, preferably in the range of

12 t0 14%.

[0067]

If the content ratio of SiO, or the like is equal to or higher than 6 at%, the

S/N ratio is improved by miniaturization of the nonmagnetic substance.

However, the coercive force He and perpendicular magnetic anisotropy of the

granular layer 420 itself rr;ay be degraded. It is also supposed that, ,
consequently, thermal stability of the granular layer 420 itself is degraded. In

this embodiment, however, the continuous film layer 424 is formed on the
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nonmagneti ¢ oxi de that segregates at the boundaries of the nmagnetic grains.
In this enbodi nent, the nonmagnetic substance is, for exanple, silicon
oxide (Si2). As the nonnagnetic substance, for exanple, titani um oxide
(Ti”) may be used instead of SiQ2. In the granular |ayer 420, the content
ratio of SIO2 or the like is, for exanple, in the range of 10 to 16 at%
preferably in the range of 12 to 14% [0067] If the content ratio of Si 2
or the like is equal to or higher than 624t% the S/Nratio is inproved by
m niaturization of the nonmagnetic substance. However, the coercive force
He and perpendi cul ar magnetic ani sotropy of the granular |layer 420 itself

nmay be degradpghulhitlayér 4050t BupeRsEd éiobélble tocRippRBsacLitendeeiihBse st abi ity
of the granular layer 420 itself is degraded. In this enbodi nent, however,

t he conti nuousollemsdvandfthd 2dniest fadiord GiOpot the R in threagrahalar lagged2GB0. It is
therefore possible to suppress occurrence of these problens even if the
content rati dN@RasyAR or the like in the granular |ayer 420 is increased.

[ 0068] The c u‘glé’]ng control |ayer 422 serves to control the strength of
magnetic co B@’ g between the granular |ayer 420 and the continuous film

exhmpl o, 2 Pd | aydhe SHINagoRvpLVE: §2 S e CaMhieE ne eRn Bromadie sy e

coupling Contc{oﬁbpr#@{&(}ve%ﬁ%hé alangfat‘?gaféﬁgﬁla%d thd et;ﬁna.@lugrﬁllnﬁl e @bgtfan 2 nm

for exanpl e, range o nm pre n t’he range of 0.7

to 1.0 nm (f qpjs@ppBRliRen Y @t %bb(trcﬂ-l%erm;is,?&ee@hmé,ié‘QdQ@fétrr0' layer
422 may be a Pt layer. [0069] The continuous filmlayer 424 is a |layer in

whi ch exchandmvirguptdcrgydtal structliré. eThe ehiciorisalof ele ¢ouplihg contratadyer gaefigce of
t he substrate 12 continuously spread.

for example, equal to or smaller than 2 nm, for example, in the range of 0.5 to

1.5 nm, preferably in the range of 0.7 to 1.0 nm (for example, approximately 0.8

nm). The coupling control layer 422 may be a Pt layer.

[0069]

The continuous film layer 424 is a layer in which exchange coupling in a
direction parallel to the primary surface of the substrate 12 continuously spread.
The continuous film layer 424 is an example of the auxiliary magnetic layer and
contains magnetic grains exhibiting perpendicular magnetic anisotropy. These
magnetic grains form magnetic exchange coupling with the magnetic grains of
the granular layer 420 in the direction perpendicular to the primary surface of
the substrate 12.

[0070]

The width of the boundaries between these magnetic grains is smaller
than that of the boundaries of the magnetic grains in the granular layer 420 and
is, for example, equal to or smaller than 1 nm, for example, in the range of 0.1
to 1 nm, preferably in the range of 0.3 to 0.8 nm. With this structure, the
Jagnetic grains in the continuous film layer 424 form strong exchange coupling
with oiwe another in the direction parallel to the primary surface of the substrate
12, as compared with the coupling force between the magnetic grains in the

granular layer 420. Therefore, with this structure, thermal stability of recorded



The continuous filmlayer 424 is an exanple of the auxiliary magnetic |ayer
and contains magnetic grains exhibiting perpendi cular magneti c ani sotropy.
These magnetic grains form magnetic exchange coupling with the magnetic
grains of the granular layer 420 in the direction perpendicular to the
primary surface of the substrate 12. [0070] The width of the boundaries
bet ween these magnetic grains is smaller,__ than that of the boundaries of the
magnetic grains in the granul ar |ayer 4283 and is, for exanple, equal to or
smal ler than 1 nm for exanple, in the range of 0.1 to 1 nm preferably in
the range of 0.3 to 0.8 nm Wth this structure, the ,magnetic grains in
the conti nuouwsgrals imimgyared4gpinaingnsagnetizationcetdhe eodiuos hign layier H26 by
another in the direction parallel to the p rlnarx surface of 'the substrate
12, as conparBadnatizatiemer e @saney |ﬁb$fc‘e?00e1fhﬁe@w ffEs %@ﬁ@@ﬂ@%l 8 in the

I I 2 f I bi | f
oo dod 23 EYSAa4o1 G PREFBECH B IR GoHaORe ISRPLNrS RGeSt | nuous
filmlayer 436 Bbryrp § kéaé&%pth(gr]ahgg 0?4358 lrﬂﬁ | ayer 420. The thickness of

t he conti nuous Ti exarrp in the range of 1 to 8 nm
preferably ir‘[ ﬂfnﬁ range of 3 to 6 nm nore preferably in the range of 4 to
5 nm [0071] 9 e ratio A/B of the thickness A of the granular |ayer 420 and

the thickness B Theti A8NGfitAY BHskridsk A diaNe Grafidarilgyer 400 pgan®l e, in the
range of 1 to 5, preferably in the range of 2 to 4. Wth this structure,

excel | ent pertpekdessuB af thenmgitistows ﬁflenlaymztﬁgl ipy fopexample, arteeeamgeot b by
exchange coupling. Preferably, the magnetic grains in the continuous film
|ayer 424 have paereapheinitbe sangsorirbioyd. sihlérﬂtm@tm&,l wmlqmpgmmudarener ay)
Stroctur et HBRREIRIEFO CHGHRPRCRAR L PRTBHAH DY PrTRBR GAUPRG relaraNd ayor
424 can be retﬁg%%aadgn'e \émracllﬁsh in tp;re]%o% tdu%%rlﬁs!ayer 424 have a magnetic anisotropy

constant (maximum anisotropic energy) Ku greater than, for example, that of a

soft-magnetic material. With this structure, the magnetic domain walls formed

in the continuous film layer 424 can be reduced in width. The continuous film

layer 424 may have a magnetic anisotropy constant Ku greater than that of the

granular layer 420. The material of the continuous film layer 424 may have a

coercive force He smaller than, for example, the coercive force He of the

material of the magnetic grains in the granular layer 420.

[0072]

In this embodiment, the continuous film layer 424 is a multilayer film

comprising CoCr layers 406 and Pd layers 408, each kind of layers being about

three in number (for example, two to three layers), alternately laminated. The

CoCr layers 406 contain magnetic grains of CoCr. Each of the CoCr layers 406

has a thickness of, for example, approximately 0.35 nm. When the CoCr layers

406 are very thin as described above, the magnetic grains of CoCr may not

have a crystal structure. The CoCr layer 406 may contain magnetic grains of

CoCr having a hpc crystal structure. THe Pd layer 408 is a nonmagnetic Pd

layer having a hep crystal structure. The Pd layer 408 has a thickness of, for

example, approximately 0.8 nm. With this structure, interface magnetic



| ayer 424 may have a nmagnetic ani sotropy constant Ku greater than that of
the granular |ayer 420. The material of the continuous filmlayer 424 may
have a coercive force He smaller than, for exanple, the coercive force He
of the material of the magnetic grains in the granular |ayer 420. [0072] In
this enbodi ment, the continuous filmlayer 424 is a nultilayer film
conprising CoCr |ayers 406 and Pd Iayers 408, each kind of |ayers being
about three in nunber (for exanple, two 2¢0 three | ayers), alternately

| am nated. The CoCr |ayers 406 contain magnetic grains of CoCr. Each of the
CoCr |l ayers 406 has a thickness of, for exanple, approxinmat 35 nm
VWhen the CoCrarligpjpy is p@@uaecéat/@e;bquhdan@&beiwen|tlb@@oé>bdﬂy@rs ﬂ@éan@gmeu c
grains of CoCr may not have a crystal structure. The CoCr |ayer 406 may

contai n _magnetd @ngﬁa”rqgs %xrIam@mqﬁm%@ygsﬁgbemlﬁwne@@pwme The Pd

| 408 t h tal, st t The Pd

| ayer 408 hadeboialdBaSRAE AsDl ey dEp e, A B FHRGE: B W eh his
d

between the CoanRaRRAGERY o ANERFRINAaBRo aEEE e P B8 hr a6 °°

Layers for eageliiide 1REESARbYS (RPHYNR2EH PinoRBASE | C ani SOtropy s

obt ai ned. W this structure, ont 1 nuous | ayer 424 can be reduced
in thickness [gg7gjompared with the case where the continuous filmlayer 424
is a nmonol ayer. [0073] The continuous filmlayer 424 may conprise, for
exanmpl e, a Pt | ay@&he contiuead filvh layee 42d rhayeompls:, fdiexaogphe,ianBblagedf i | m | ayer
424 may conprise a CoB |ayer instead of the CoCr | ayer 406. The continuous
filmlayer 42asteagobthedPd layet #08yEhe f:omtmup@ef«lrwwy@r 44 raycesmppIissi ngoBo

conpound |l ayers, n.in.n e and Pd qr n in nupber, which are
alternately |1aysrinstead 0#\#‘8 é%@fﬂ?YWﬂ@s leq ‘Fﬁﬂ“ﬁg@ﬁ‘s ﬂ'ghlabfﬁ&“%??&y g 3

monol ayer fil muifd ayerfalm [?’fo%Pg ﬁﬂtco%pnsmg Co compound layers, n in number,
and Pd or Pt layers, n in number, which are alternately laminated. The
continuous film layer 424 may comprise a monolayer film with a large content of
Pt. The continuous fiim layer 424 may be a monolayer film of CoCrPt, CoPHt,
CoPd, FePt, CoPts, CoPds, amorphous TbFeCoCr, SmCos, Nd2Fe14B, CooPtso,
or the like.
[0074]

In Embodiment 2, in the magnetic recording layer 430 comprising the
granular layer 420 and the continuous film layer 424, at least the continuous film
layer 424 is provided with groove portions. With this structure, the recording
regions can be magnetically separated from one another.

[0075]

The groove portions may be formed substantially only on the continuous
film layer. With this structure, it is unnecessary to form the groove portions with
a high aspect ratio. Therefore, as compared with the case where the groove
portions are formed throughout the entire thickness of the magnetic recording
layer, the groove pt;nions can be formed easily and with high accuracy. ’The
structure in which the groove portions are formed only on the continuous film

layer includes the case where the groove portions are formed to reach a part of



Pt. The continuous filmlayer 424 may be a nonol ayer filmof CoCrPt, CoPt,
CoPd, FePt, CoPt3, CoPd3, anorphous ThFeCoCr, SnCo5, Nd2Fel4B, Co20Pt50, or
the like. [0074] In Enbodinent 2, in the nagnetic recording |ayer 430
conprising the granular |ayer 420 and the continuous filmlayer 424, at
| east the continuous film layer 424 is provided with groove portions. Wth
this structure, the recording regions can be magnetically separated from
one anot her. [0075] The groove portions2§ay be formed substantially only on
the continuous filmlayer. Wth this structure, it is unnecessary to form
the groove portions wwth a high aspect ratio. Therefore, as conpared with
t he case whethe primearg recrding payeriasrisr as thefamcoedytdf teuiphmation bethegroowe
t hi ckness of the nagnetic recording |[|ayer, the groove portions can be
forned easi | poréifas and thehmgﬁ heve (added th@feforgm uett Yfastech bt @M 182 oove
portions are forned qq$%%%n t he continuous fil | aye |nclude t he case
Flhggt

where the gr%tﬂ-%“rﬁd? 210&SE %theogrpggl%ﬁogmﬁélae AHECr i mary
di | f. 1 t th
bor ¢ ons anded oG i Bvet 424 REER LSRG v e % rg$¥eég{28d. “For exampl e,

the struct ul; BPCI udes the case where the groove portions are forned from
the continuous Tilmlayer 424 to an upper part of the granular |ayer 420.

[0076] In the fonggq f&%g%@)éhmatmemzdaégérlp%hch@s%énw orRHe agpedthe
aspect in which the grooves are forned on the continuous filmlayer 424 as

an exanpl e ofwiibietlugiobies srefagned bn they@itinuboswing tayet h24 ps asexampleent i on
Is not limted to the above-nentioned aspect. The present invention
i ncl udes t heofdbpewiiliary magnmetic, laydre icavavagiee presestioventiog is aptiimitedtoa pri mary
recording layer for recording nagl_rrl‘et IrC SAt?r?valn%or??nd Iuadne aﬁégglggdn recordi ng
| ayer magnet fhezaboye-mentioned aspect e prese e cludes t p
which, when a magnetic recording layer has a primary recording layer for
recording magnetic signals and an auxiliary recording layer magnetically
coupled with the primary recording layer, grooves are formed at least on the
auxiliary magnetic fayer. With this structure, the recording regions can be
magnetically separated from one another.
[0077]
For example, the magnetic recording medium has at least two magnetic
layers different in composition and forming exchange coupling with each other.
The primary recording layer is, for example, one of the two magnetic layers
which is greater in thickness or coercive force. The auxiliary recording layer is a
magnetic layer smaller in thickness or coercive force. Preferably, the magnetic
anisotropy constant Ku of the auxiliary magnetic layer is greater than the
magnetic anisotropy constant Ku of the primary recording layer.
[0078]
Preferably, in the primary recording layer and the auxiliary magnetic layer,
. the groove portions are formed substantiaily only on the auxiliary magnetic layer.
)With this structure, it is unnecessary to form the grO()'ve portions with a high

aspect ratio. Therefore, as compared with the case where the groove portions

are formed throughout the entire thickness of the magnetic recording layer, the



coupled with the primary recording |ayer, grooves are fornmed at |east on the
auxiliary magnetic layer. Wth this structure, the recording regions can be
magnetical ly separated fromone another. [0077] For exanple, the magnetic
recordi ng nmedium has at |east two magnetic |ayers different in conposition
and form ng exchange coupling with each other. The primary recording |ayer
is, for exanple, one of the two magnetic_layers which is greater in

t hi ckness or coercive force. The auxili a?@ recording layer is a nagnetic

| ayer smaller in thickness or coercive force. Preferably, the magnetic

ani sotropy constant Ku of the auxiliary magnetic |ayer is greater than the
magneti ¢ ani gpooveporiomstanive Kumetl gasidy pnd mithyhigreaoudacyy Treystructfré 07 8]
Preferably, in the primary recording |layer and the auxiliary nmagnetic |ayer,
t he groove povft¢hoie gipeve pertieds siEbiorraed oalylgn belapxiiart megaeld lryelr y magneti ¢

|l ayer. Wth this structure, it is unnecessary to formthe groove portions
with a high iREyasthesgase whermsihergpave a@ﬂ'eaﬁﬁ@@mmwwg &R LolhEr e t he

0L 00ve PO v PR A LB AR kBB,
accuracy. - T, HdCli e nfln WA B LG AN PaId ABE AT © formed only on the

auxiliary magneti ¢ Tayer 1nc e case where € groove portions are
formed to reﬁit@dw% part of the primary recording |ayer as far as the
accuracy of the formation of the groove portions and the nman-hour required

therefor are not Rftheddredoing@EhiSddilment hehé onaaes Ratedho thenpaditich oftthe matters
related to the position of the groove portions as well as the shape and the

di nensi on of grbevegpartiors powell andhe §hdpe and therdmeaasioniobtw gnooemporions on wit h
Figs. 2 and 3?«1’ the matters related to the nmethod of form ng the groove
portions, sudiedsatiers dgsedkadip conagctioaniiobiger 2 and 3), the matters related to

the method of forming the groove portions, such as the pressing step, and other
matters are similar to those in the Embodiment 1 and description thereof will be
omitted.

[0080]

(Embodiment 3)

Hereinafter, Embodiment 3 of the present invention will be described with
reference to Fig. 6.

In this embodiment, the magnetic recording medium 10 comprises a
substrate 12, an adhesion layer {a coherent layer) 14, a soft-magnetic layer 16,
an underlayer 18, a perpendicular magnetic recording layer 430, a protection
layer 24, and a lubricant layer 26 in this order. The perpendicular magnetic
recording layer 430 has a granular layer 420 and a magnetic coupling layer 425
(not a continuous layer but a monolayer) laminated in this order.

In this embodiment, the substrate 12, the adhesion layer 14, the soft-
magnetic layer 16, the underlayer 18, the protection layer 24, and the lubricant
layer 26 are similar to those described in Embodiment 1 and, therefore, .
description thereof is omitted. ’

[0081]

In Embodiment 3, the magnetic coupling layer comprises a thin film



matters are simlar to those in the Enbodinent 1 and description thereof
will be omtted. [0080] (Enbodinment 3) Hereinafter, Enbodinent 3 of the
present invention will be described with reference to Fig. 6. In this
enbodi ment, the magnetic recording nmedium 10 conprises a substrate 12, an
adhesion | ayer (a coherent layer) 14, a soft-nmagnetic |ayer 16, an

under | ayer 18, a perpendi cul ar magnetichéfcordi ng | ayer 430, a protection

| ayer 24, and a lubricant layer 26 in thi’s order. The perpendicul ar nagnetic
recording layer 430 has a granular |ayer 420 and a nagnetic coupling |ayer
425 (not a continuous |ayer but a nonolayer) lamnated in this order. In
thi s enbodi méermea dretheuhsgnaticeed@dinghayaidiiesiranulpagisuctar, andexhdufing nmagneti c
| ayer 16, the underlayer 18, the protection |ayer 24, and the |ubricant

| ayer 26 ar e PS(RANdigUIdTnagnsdie a@@@@ppbeayieﬁcrmg@dnmﬁnom of e MAagBels or e,
description thereof is omtted 0081] Lpn. Enbodi nent 3, .the nmagnetic

coupl i ng | ay&PURBIMRYdBagnetically éqqpﬁ?dﬂ'tﬂﬂeﬁ magneie grﬁgsrfﬂé%mag”?%ordi ng

| ayer of a gr ar r r L biti. | .cul e

ant sot ropy. - Eo R ke AR R b Rae MBI St e RS

magnet i cal | ycggbugp{(?ﬁgﬁwf& n@‘ﬁg@g@ﬂﬁpgrai ns in the magnetic recording

| ayer, the perpent ar magretic recording |ayer and the nagnetic coupling
| ayer form nagnet Fgr &@widié NBe nayneaéeamlmgrw%o naagnemaaecalmlam | ayer may

be made of an alloy mterial, such as Co a, CoCrpPt, CoCrPtTa, or
CoCr Pt B. The magriai suchcanfbCnEdGayar CopCditeCabiBiTa,artGoCrPtBt | east CoCrPt. |f
CoCrPt is a main conponent, high tenperature resistance is obtained in

The magnetic coupling layer preferably contains at least CoCrPt. If
CoCrPt is a main component, high temperature resistance is obtained in
addition to high-density recording capability and low-noise property of the
granular layer.

The magnetic coupling layer has a non-granular structure in which metal
oxides or metal nitrides are not contained at the boundaries between the
magnetic grains (non-magnetic grain boundaries).

The thickness of the magnetic coupling layer is, for example, in the range
of 1 to 20 nm, preferably in the range of 5 to 15 nm.

The thickness of the magnetic coupling layer is preferably equal to or
smailer than twice that of the granular layer, more preferably equal to or smaller
than that of the granular layer. The lower limit of the thickness is greater than
zero. Preferably, the thickness is selected so as to exhibit the function as the
magnetic coupling layer.

[0082]

In Embodiment 3, in case where the magnetic recording layer 420 of a
granular structure 420 and the magnetic coupling layer (not a continuous layer
but a monolayer) 425 are provided, grooves are formed at least on the magnetic
coupling Iaye} 425. With this structure, the recording regions can i)e
magnetically separated from one another.

[0083]



addition to high-density recording capability and | ow noi se property of the
granul ar |ayer. The magnetic coupling | ayer has a non-granular structure in
which metal oxides or netal nitrides are not contained at the boundaries
between the magnetic grains (non-magnetic grain boundaries). The thickness
of the magnetic coupling layer is, for exanple, in the range of 1 to 20 nm
preferably in the range of 5 to 15 nm The thickness of the nmagnetic
coupling layer is preferably equal to or“® smaller than twi ce that of the
granul ar layer, nore preferably equal to or smaller than that of the
granular layer. The lower limt of the thickness is greater than zero.
Preferably, the tRietdablysthegreetepartionsaredeormed extstantially igalyfamibei on as t he
magneti c coupling layer, [0082] In Enbodinment 3, in case where the magnetic
recordi ng | ayeagngtio caurling lgyein WY} thig stiHatureelt innacgssaly 1odyMehec coupl i ng .
| ayer (not a continuous |layer. but a mopnolayer) 425 are provided, grooves
ar s fof med aBaaEgorg WY Fipteatnedt BOAo TR iy a5 cApgar W i wtbe
structure, t rdi ' [ : fit om one

[ Og@gfeeg% é’rb@xgef é§®@ﬂ§%r{ﬁ>§m§§ (1PREBRA M SR lethr%qu%Prgésﬁrég%] the

anot her. oove@portions are

substanti al | Yné%{r‘k\?ﬁc %bnqltr@ﬁ%'l’ﬁ%féﬂ%é gr&ﬁ’ﬂélﬁﬁdrﬁ%s' @e fothkl caBiard WiRt Ure, it

IS unnecessary to for groové portions wth a high aspect ratio.

Therefore, asighodgRar®y. Whelstiubrirs asRhichiies grddte pakméard trivicansnipoe f or med
t hroughout the entire thickness of the magnetic recording |ayer, the groove

porti ons can themagneticicaeting yayenihchidel théncade wbere thegrodeepartionscaner e i n
whi ch the groove portions are forned only on the magnetic coupling | ayer
i ncl udes t he farmes tarieach a part@f dwveripanvtreocersingrlayerfas faeas the accacacytipart of
the primary rtheeci%rrrcr]!iatri]gn lofa %grgrgosvg Sc;rtigr?s zEu!l1 th%cr%grrl- %er quuired therefor are not
affected.
[0084]
in the foregoing Embodiment 2, the matters related to the position of the
groove portions as well as the shape and the dimension of the groove portions
(the matters described in connection with Figs. 2 and 3}, the matters related to
the method of forming the groove portions, such as the pressing step, and other
matters are similar to those in the Embodiment 1 and description thereof will be
omitted.
[0085]
(Embodiment 4)
Hereinafter, Embodiment 4 of the present invention will be described with
reference to Fig. 7.
In Embodiment 4, on the medium with those layers up to the protection
layer 24 formed according to Embodiments 1 to 3, the groove portions are
formed, for example, by using a stamper having a pattern that corresponds to
the groove portions to be formed. Thereafter, a protection layer 25 is formed on
the protection layer 24 and the surface is flatte'ned. Then, the lubricant layer 26

is formed.

[0086]



the formation of the groove portions and the man-hour required therefor are
not affected. [0084] In the foregoing Enbodinent 2, the natters related to
the position of the groove portions as well as the shape and the dinension
of the groove portions (the matters described in connection with Figs. 2
and 3), the matters related to the nethod of form ng the groove portions,
such as the pressing step, and ot her ters are simlar to those in the
Enbodi ment 1 and description thereof wl 9pe onitted. [ 0085] (Enbodi ment 4)
Herei nafter, Enbodi ment 4 of the present invention will be described with
reference to Fig. 7. In Enbodinent 4, on the nediumw th those |layers up to
the protection |Hgrematiér ftioe praseatioventiangwitl beRfasodberbmose In detaBwitbhe gr oove
portions are formed, for exanple, by using a stanper having a pattern that
corresponds feferanee tgaB@xampi-ti ons to be forned. Thereafter,, a protection

| ayer 25 is fornmegd on  the protection |layer 24 and the surface is flattened.
Then, the lubrica aFEW%?)ZG Is fornmed. (0086] 29 Hereinafter, the present

(Baaml o 1) Fig. 0 AREs RS Rspoiia Frmlls LXLRIEre PR T 0"
confirmthe oRbbeRinObrasBAt RUGRRAL tMERheRechihd MetRii fo WRReRe! na. medi um

10 with the groove portions at a part the tracks 102 in a
ci rcunf er ent igidoveiorisis 202 Rfied af AR of it BAQRVROAIE dillgnféAtialo be formed

in the guard band
- direction was formed. The groove portions 202 to be formed in the guard band
regions 104 were formed at a part of the tracks 102 for the purpose of
measuring magnetic signals in the regions having groove portions 202 by the
use of an ordinary head.
[0087]

Fig. 4 (a) is a cross-section TEM photograph of the magnetic recording
medium 10 according to Example 1. In this example, the groove portions 202
having a maximum depth of 3 nm were formed. In the TEM photograph, the
layer labelled "SUL" is the soft-magnetic layer 16. The layers labelled "UL" are
the first underlayer 18 and the second underlayer 20. The layer labelled "Mag"
is the perpendicular magnetic recording layer 22. The layers labelled
"COC&Lub" are the protection layer 24 and the lubricant layer 26. The layers
labelled "METAL FOR TEM" and "CARBON FOR TEM" are a metal layer and a
carbon layer which are formed in order to take the TEM photograph.

[0088]

Fig. 4 (b) is a tracing view of the result of measurement of magnetic
signals and shows signal attenuation caused by the groove portions 202. The
lower part of Fig. 4 (b) shows the result of measurement for a single circuit in
the circumferential direction. It is confirmed that a region of attenuated
magnetic signals is presen:[ in correspondence to the region having the groove ’
portion 202. The upper part of Fig. 4 (b) is an enlarged view of the region of

attenuated magnetic signals. From Fig. 4 (b}, it is confirmed that, by formation



regions 104 were fornmed at a part of the tracks 102 for the purpose of
measuring magnetic signals in the regions having groove portions 202 by the
use of an ordinary head. [0087] Fig. 4 (a) is a cross-section TEM phot ograph
of the magnetic recording nedium 10 according to Exanple 1. In this
exanpl e, the groove portions 202 having a maxi rum depth of 3 nm were
formed. In the TEM phot ograph, the |aye Iabelled "SUL" is the
soft-magnetic |ayer 16. The | ayers | abel ®d "uL" are the first under | ayer
18 and the second underl ayer 20. The | ayer | abelled "Mag" is the

per pendi cul ar magnetic recording |layer 22. The | ayers | abell ed "COC&Lub" are
t he prot ect i ohthegyeeveportinas 262 4 DR roadium, aymttenrgd madiumpe the liKeatssl | ed
"METAL FOR TEM' and "CARBON FOR TEM' are a netal |ayer and a carbon |ayer
whi ch ar e ,f oPRE@PAprigialeforigdt ake t he TEM phot ograph. [0088] Fig. 4 (b) is a
tracing vie {éﬂ§ he result of neasurenent of magnetic signals and shows
signal atten n caused by the gr oove portions 202. The |ower part of

i reunt erent il o TspfHe breenREgHI TR bR L behdeefrifed b enlated
Tagneti ¢ si gpabeks 9RSERbod e E@@%HHEQF@C cpf % BRSLANNigRGs L he

groove portion e upper part o i's an enlarged view of the

region of ahbeititdEsy Eew sl serhion olthfﬁb@dmén(do) It i$ bbvisusmif i r med
that, by formation 30 of the groove portions 202, a DIR nedium a patterned

medi um or t teseidkédledamthebart tyap thaysei enleddimEntsmaaly b{e OfRiledMdrtimpugtedtine
present invention has thus far been described with reference to the
enmbodi nent s, vaneus mannersalFredhe claims, H'elsmb@'@elﬁﬂh&ltmﬂ@d)ﬂf improygst 1inmited by

t he scope of description of the emhodi nent IS obwfoﬁsfo
embodiments are encompassed within the techmcal scope of the present

invention.

Industrial Applicability
[0090]
The present invention can be suitably used, for example, in magnetic

recording media.

Brief Description of the Drawings
[0091]

Fig. 1 shows a magnetic recording medium 10 according to an
embodiment of the present invention.

Fig. 2 shows a structure of a perpendicular magnetic recording iayer 22.
Fig. 2 (a) is a top view of the perpendicular magnetic recording layer 22. Fig. 2
(b} is a cross-sectional view of the perpendicular magnetic recording layer 22.

Fig. 3 is a flow chart showing a method of manufacturing the magnetic
recording medium 10. '

I;ig. 4 includes views for describing Example 1. Fig. 4 (a) is a cross-
section TEM photograph of a magnetic recording medium 10 according to

Example 1. Fig. 4 (b) is a tracing view of the resuit of measurement of magnetic



those skilled in the art that these enbodi nents may be nodified or inproved
in various manners. Fromthe clains, it is obvious that nodified or
i nproved enbodi nents are enconpassed within the technical scope of the
present invention. Industrial Applicability [0090] The present invention
can be suitably used, for exanple, in magnetic recording nedia. Brief
Description of the Drawings [0091] Fig.,,1 shows a nagnetic recordi ng nedi um
10 according to an enbodi nent of the prsésent invention. Fig. 2 shows a
structure of a perpendi cul ar magnetic recording layer 22. Fig. 2 (a) is a
top view of the perpendicul ar magnetic recording layer 22. Fig. 2 (b) is a
cross- sect i odignalgiaag shpwsisgnab afiemationicarsethgy gtqayemesians 22 | ayer 22. Fig.
3is a flow chart _shonl;n a nmet hod of nmanufacturing the magnetic, recordi ng
medi um 10. Fig. Figrrsiamsa siaglirg ofa Begeplinrasgrdndmscsm 10megordingte) s a
cross- sectipan, TEM t aph of a netic recording nmedium 10 according to
Exanpl e 1. FE@bOE'W%q%@qéeBFeé@f‘h@V%'of the result of neasurenent of
magnetic 31 si ' - [ ortions
9 gfﬁéi%sgﬁﬁjﬁé‘%%c@egﬂ n%ébcgf?é’?etcbm?r&é: ﬁ%ﬁﬁﬂn by a%&@r%\é@ s

202. Fig. 5 shows ure of a nagné€trc recor medi um cording to

Embodi ment 2ggfholitseESeRE ptdépninv8Miorr i 9- 6 shows a structure of a
magneti c recordi ng nedi um 18 according to Enbodinent 3 of the present

invention. Fig. TFighowsows astruciuty 6f ®magneBgreiording araium NQ arediding th0
according to Enbodinent 4 of the present invention.
Embodiment 4 of the present invention.

Reference Numerals
[0092]

10 ... magnetic recording medium, 12 ... substrate, 14 ... adhesion layer,
16 ... soft-magnetic layer, 18 ... first underlayer, 20 ... second underlayer, 22 ...
perpendicular magnetic recording layer, 24 ... protection layer, 26 ... lubricant
layer, 102 ... track, 104 ... guard band region, 202 ... groove portion, 302 ...

broken line.



Ref erence Nunerals [0092] 10 ... magnetic recording nedium 12 ...

substrate, 14 ... adhesion layer, 16 ... soft-magnetic layer, 18 ... first
under | ayer, 20 ... second underlayer, 22 ... perpendicul ar nagnetic
recording layer, 24 ... protection layer, 26 ... lubricant |ayer, 102 ..
track, 104 ... guard band region, 202 ... groove portion, 302 ... Dbroken

line. 32 CLAIMS 1. A magnetic recordi n% medi um conpri sing a substrate and a
magnetic recording |ayer forned on the dubstrate, wherein: the magneti c
recording layer has a plurality of tracks which define recording regions
extending in a scanning direction of a magnetic head and which are arranged
in parallel in a direction intersecti GAWIBh the scanning direction; the
magneti c recording | ayer being provided with a groove portion which is
formed in a region between the tracks on the surface of jhe magnetic

recordi ng layer and which extends al ong, the tracks; and the groove portion
bei ng formed so tihd Magpetc eeaingaeiuihcopPiisiad a@@ﬁtg@ﬁe@f}d&%}agﬂ%c | ayer
taken al ong a BIé}gnneI erq%endécultﬁr to.the scanning direction: the maxi num
dept h of there§ { \Fbag%'i {T9RY P8 %s?lpférql%n%ergpoj to 10 nm wth reference
to an average hei : ; portion is

i nter posed, the é%bggée@%fé&hf‘ﬁﬁbi?‘Xgﬁﬂﬁgwggﬁt?ﬁf trﬁ@ns%@?%%{a grﬁ)%f t he

centers of "t /aBoidiFlksidd SN #SealiiREdii@ion#0d idietbdeblaghaa T egi on of

the groove portion having a dep equal to or greater than 1/2 of the
maxi num dept Which airé atrirgedingsaralie! in 4 @ird@¥ndhtersdotiag kithithe ebamtingh is a

di stance between the centers of adjacent ones of the tracks in

direction;

the magnetic recording layer being provided with a groove portion which
is formed in a region between the tracks on the surface of the magnetic
recording layer and which extends along the tracks; and

the groove portion being formed so that, in a cross-section of the
magnetic recording layer taken along a plane perpendicular to the scanning
direction:

the maximum depth of the groove portion is in the range of 0.5 to 10 nm
with reference to an average height of the tracks between which the groove
portion is interposed, the average height being obtained in the vicinity of the
centers of the tracks in a widthwise direction, and

the width of a region of the groove portion having a depth equal to or
greater than 1/2 of the maximum depth is in the range of 5 to 30% of a track
pitch which is a distance between the centers of adjacent ones of the tracks in
the widthwise direction.

2. The magnetic recording medium according to claim 1, wherein:

the magnetic recording layer contains magnetic grains of a crystal
structure;

the magnetic érains under the groove portion having a short crysta'i axis

in a direction perpendicular to a primary surface of the substrate as compared

with the magnetic grains in the vicinity of the center of each track in the



the wi dthw se direction. 2. The magnetic recordi ng medi um according to claim
1, wherein: the magnetic recording |ayer contains nagnetic grains of a
crystal structure; . the magnetic grains under the groove portion having a
short crystal axis in a direction perpendicular to a primary surface of the
substrate as conpared wth the nagnetic grains in the vicinity of the
center of each track in the 33 mﬁdthmﬁéﬁldirection. 3. A nethod of

manuf acturi ng a magneti c recordi ng nedi conprising a substrate and a
magneti c recording |layer formed on the substrate, the method conprising: a
magnetic recording |layer formation step of form ng the magnetic recording

| ayer on t hewklibwise directican. prot ection | ayer formation step of formng a

protection |ayer on the magnetic recording layer; and a pressing step of
pressing a non-reedk meﬁm@fgwwf@ﬁurmam@qr@hpdeccrre@@rrae%wqwmnsm@ a

direction from per, side of the | ayer t ri

sur face of  RaUBHEIERRAE TEOTSIHESOIGMSIe U HBTSS AN che Bl et e et
regi on, the i8S rdi ng region being interposed between a plurality of
record| ng reg‘? R @ whi ch magnetic signals are recorded, respectively. 4.

The method accor dj Adohiciefbili lapbeoRhBG G oPIdhHid o A¥gheticcOMPT | Ses a

di anond-1i ke carbon accor ing to claim3 or 4, further
conpri sing: gechkdMid ;a@@poﬁmgeguﬁs@(ra@tlon step of formng a lubricant |ayer on

the protection |ayer; the pressing step conprising pressing the
non-recordi ng r e protdatiomlayer farpration stepeofdbrmihg al protectiamtayeayge the
magnetic recording layer; and

a pressing step of pressing a non-recording region of the magnetic
recording layer in a direction from an upper side of the protection layer towards
a primary surface of the substrate to form a groove portion in the non-recording
region, the non-recording region being interposed between a plurality of
recording regions in which magnetic signals are recorded, respectively.

4. The method according to claim 3, wherein the protection layer
comprises a diamond-like carbon film.

5. The method according to claim 3 or 4, further comprising:

a lubricant layer formation step of forming a lubricant layer on the
protection layer;

the pressing step comprising pressing the non-recording region from an
upper side of the lubricant layer.

8. The method according to any one of claims 3 to 5, wherein the
pressing step comprises pressing the non-recording region by using a stamper
having a pattern that corresponds to the groove portion to be formed.

7. The method according to any one of claims 3 to 5, wherein the

’ pressing step comprises pressing the non-recording region by bringing a
r;eedle-like member into contact with a surface of the+magnetic recording layer.
8. The method according to any one of claims 3 to 7, wherein:

the recording regions are defined by a plurality of tracks that extend in a



6. The nethod according to any one of clains 3 to 5 wherein the pressing
step conprises pressing the non-recording region by using a stanper having
a pattern that corresponds to the groove portion to be forned. 7. The nethod
according to any one of clainms 3 to 5, wherein the pressing step conprises
pressing the non-recording region by bringing a needle-like nmenber into
contact with a surface of the magnetic recording |ayer. 8. The nethod
according to any one of claims 3 to 7, werein: the recordi ng regions are
defined by a plurality of tracks that extend in a 34 scanning direction of
a magnetic head; the pressing step. conprising formng the groove portion in
a regi on besveming tiecctionok a;madretigheade portion formed in the pressing step
being forned so that, in a cross-section of the magnetic recording |ayer
taken al ong a pl dhe prssipgraier apraprising faming tengioaye APfieOtn ariegicRe ,maxi mum
depth of the groove gortion isin the range of 0.5 to 10 nm wth reference
to an aver ageeMERHRRe §ACKSie tracks between which the groove portion is

' d, th hei ght. bei btained in the vjcini f. th
centers of the t iaERCHVR e iatieRaPath edersion SCRmdieaRtEh B 1F ogi on o

i mum dopt OFE PR Tl e AR ot Bhg e takePr AR g b prdtua’s

di stance bet we@B dchRnifg irEforef adj acent ones of the tracks in the
w dt hwi se direction.

the maximum depth of the groove portion is in the range of 0.5 to 10 nm
with reference to an average height of the tracks between which the groove
portion is interposed, the average height being obtained in the vicinity of the
centers of the tracks in a widthwise direction, and

the width of a region of the groove portion having a depth equal to or
greater than 1/2 of the maximum depth is in the range of 5 to 30% of a track
pitch which is a distance between the centers of adjacent ones of the tracks in

the widthwise direction.



