3 0 AUG 2005 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM Fi el d of the Invention
The present invention relates to a perpendi cular magnetic recording 5
medi um nount abl e on various kinds of nmagnetic storage such as %:a ext er nal
storage of a conputer. Prior Art The conventional magnetic rec dﬁ% X0bdi a
such as the magnetic disks, 10 which record and reproduce digital data
t hrough a magnetic head, are initialized one by one in a servo witer. For
exanpl e, the servo witer wites positioning signals on a magnetic disk
through a magneti cpResdNHICOTRA M1 AGNETICRESSIMIING MEDIUME magnetic
disk is initialized to inprove the servo tracking performance of the
magneti c head. 15 Very precise tracking facilitates accurately recording a
digital data signal on a predeterm ned track and reproducing the digital
data signal pfj therRseenLer mned track even when the track density of
t he magnetic ed(l?g{< use in a magnetic disk drive is high. Therefore, the
very preci se 20 Theapkdsagt fimaintionatedstes ntpraoopernpgntivalaremagdetng rempdogt y of
the magnetic disk. The %g)fiti oni n. sin]gnal‘s re rego:ﬁc}ed on _a.magnetic di sk
by a sectdr MEENR MEVH (O 25 RUE HBdE; Mg MeEreHC ndPIsg. ST 35e Ragnet i ¢
di sk which grphRYstdrhe: seLt@hp$RE V0 met hod, each track is divided in the
extending 25 direction thereof into a plurality of sectors, and the
positioning signals are witten at the head positions of the respective
sectors. In phe. qmgnetic disk which enploys the enmbedding servo nethod,
positioning servo signals are witten in advance in the deep |ayer of the
magneti c fil m arithed@naestigmdlsagnetictraeordinef medialsaygk as dhe ntegnetigdetisc fi |l m
1~20 AH)G Z%h record and reproduce digital data through a magnetic head, are
initialized one by one in a servo writer. For example, the servo writer writes
positioning signals on a magnetic disk through a magnetic head
incorporated in the servo writer. The magnetic disk is initialized to improve
the servo tracking performance of the magnetic head.
15
Very precise tracking facilitates accurately recording a digital data
signal on a predetermined track and reproducing the digital data signal
from the predetermined track even when the track density of the magnetic
disk used in a magnetic disk drive is high. Therefore, the very precise

20 tracking facilitates improving the recording capacity of the magnetic disk.

The positioning signals are recorded on a magnetic disk by a sector
servo method or by an embedding servo method. In the magnetic disk which
employs the sector servo method, each track is divided in the extending

25  direction thereof into a plurality of sectors, and the positioning signals are
written at the head positions of the respective sectors. In the magnetic disk
which employs the embedding servo method, positioning servo signals are
written in advance in the deep layer of the magnetic film and data signals in

the surface layer of the magnetic film.
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di scl oses a magnetic disk including a nonnagnetic substrate havi-ng an
uneven- | evel pattern and a magnetic |ayer having 5 concave regioRgs 3ng
convex regions copying the uneven | evel pattern of the nonnegnetic
substrate and magnetized in the different directions. This nmagnetic di sk,
on which a nmagnetization inversion pattern for reading out the signals is
formed at the precision of the uneven | evel patterning, facilitates
inproving the track density. For parallel nagnetization of the 10 magnetic

di sk described ahgufioed Ne 1ERRGRRA °01 003 aNBoLRe OBIWEX T SBANLORT N

soft magnetic |ayer are magnetized accurately in the respective
predet er mi neHOBiGlBéBtimé%;hsabpég/lmgmaggﬁm |daskf iletlodingn & henopmEretice

d h head
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manuf act wy e donedwrofegtind drndpéRveRBBEionE céiend blsd Lih&RinNgvelCsdttayof the
Protection and nanagenent of the recorded data are facilitated bf recordi ng
the copyri ghtoraagnefis suhstraieliand impenghiaet dnahendifferent giregldonsy THe uneven

level patt erxﬂa%ﬁ’éﬁé 8k h&?‘%}ﬂ\i\ﬂ? btﬂlggﬁ lea%loﬂrlﬁlzérsm%o A& nPRE F}QQcﬂhngu@r

magneti c recordi ng nethod tates |ncreaS|ng the I'ine recording
density, hasthbeagnehpisoﬁa‘dletdo al: etiulel peecidigh of r deondeven dl@wélnqttammgwe

magneti c di sk....The perpendi c netlc recor od..rec s data by
Tagnet | 21 ng EHEHIGSEFREPEIBPArAGE RRDEr- T Brbeh AT aA RO A LEE The
magnet i cygdi Sﬂﬁaéﬁﬁh@&él@@l@@drﬁiﬂd&ébmgﬂ% bohcdve FREUAMD thd1 6ol Sregionof t

magnetic |layer with high magnetic perneability forned bel ow the nagnetic
recordi ng | @fethes goft napenetic Aexprenre Magmetzedaseiratdy Ty 6he tearastigpet i c

head at theeg%ﬂea@ceprmr( C‘&'ix%'cﬂ@n ﬁg@ﬁﬂ% ﬁl%ﬁagﬁflé eﬁ:él!i%’ &Y thd BsfoRRAdI cul ar

to the magnet i € recor ayer netic flux generated from
t he magnet i cdibetidng (ousaigl at@sagr@ttcﬁwaslohawﬁg) arnxghaegap: ahdyemagaetit heagd

megnetic fl eh i I S apgzlirlrgvg Iggp peflpere olreC u't 1rs tmoagnetlc 2dISk facilitates easy
15 manufacture thereof and improvement of the positioning accuracy.
Protection and management of the recorded data are facilitated by recording

the copyright data in the medium in advance as well as by using the uneven

level pattern for the head positioning signals.

20 The perpendicular magnetic recording method, which facilitates
increasing the line recording density, has been employed to realize high
recording density on the magnetic disk. The perpendicular magnetic
recording method records data by magnetizing the magnetic recording layer
in perpendicular thereto. The magnetic disk for perpendicular magnetic

25  recording includes a soft magnetic layer with high magnetic permeability
formed below the magnetic recording layer so that the magnetic field
generatéd from the magnetic head at the time of recording may be applied
effectively in perpendicular to the magnetic recording layer. Since the
magnetic flux generated from the magnetic head localizes to the soft

30 magnetic layer, a strong magnetic field is applied in perpendicular to the



3 0 AUG 2005 magnetic recording |ayer. For obtaining a magnetic field
strong enough to facilitate recording and for preventing signal distortion
“fromcausing at the tinme of reproduction, it is necessary to 9ni gng 2ighe
magnetization in the soft nmagnetic layer in parallel thereto, especially
toward the radial direction of 5 the nmagnetic di sk. The easy axis of
magneti zation of the soft magnetic layer is oriented in parallel to the

soft nmagneti ¢ | i c adi I.r egtqi;0 f netic
i sk, by applEALEE eEREE B 2 SRk Ahanfd SRRy e LRl
formati on of facliaasofdcordignenddot pyeentihf sikapddesertidnefreum caedingadtdthepen
Pat ent Applicatio HO7(1995) -.228219 di scl oses.a hi gher recardin ensity
attai ned by tl&’in‘bt{] rﬁPF@“@HBHT%H%é‘GF‘?‘Féa’EYr?c%l‘ifétng’ﬁ‘?afg‘?‘f’g}zé‘é‘g&lﬁf _ %‘B&Weven
llevel patterpagRBtid N§es YURTarANE thesbth hepe&any dbward tRerdBASdikyctioncsease by
t he enpl oynent =~ of the perpendicul ar magneti zati on nethod. Prior to using

t he magnedi cthti mrenety difk. Eomeasrveaxiegf magnetinptioneofdbevelk maggebadaxsr t he
magneti c recgqr di e i in.t a i i . g.

upoar d) by agpl ket 24 Blara Bl TBAD Shi BBt DS YR B L or 10
t he magneti cdireginndofthd apgnetadisk, thyespplying £ anageticefipldns lar eudtagnet i zed

in the opposit irectign downwar d) by appl yi a relatively weak
magnetic fi eF’Gﬁi“)?ﬁl 4%@%3&&??@‘3109@%a?er@ﬁ%&?&ﬁqgﬁ?rens to be solved by the
| nvention For inproving the resolutions at the tinme of recording and at the

time of reproduction corresponding to the inproved recording density, it
is 25 nékessar yapa@ase or Uwaﬁ@npgndibmﬂar RPrenet | Bateator dipijicebioRod t o

set the spacipg BekNeamk e IRANEt 1.0 MgAd: A IdE, TRANSH Cadggendip medi um
to be narrower than severa ens nm Especl ar y §or 1 Tprovi ng the
shar pness of conthiairpetheefotigoinatrackglatity itdredsd lgetier aha@dnfleosh gdieermagnet i ¢

oot 2 11 P el Ml l s LS o Darion e Spacles
not only by fahePetididi€ar magnetization method. Prior to using the magnetic disk,
15 the concave regions and the convex regions of the magnetic recording layer
are magnetized in the same direction (e.g. upward) by applying a relatively
strong magnetic field in perpendicular to the magnetic recording layer and,
then, the convex regions are magnetized in the opposite direction
(downward) by applying a relatively weak magnetic field in the opposite

20  direction.

Problems to be solved by the Invention
For improving the resolutions at the time of recording and at the time
of reproduction corresponding to the improved recording density, it is
25 necéssary even for the perpendicular magnetic recording method to set the
spacing between the magnetic head and the magnetic recording medium to
be narrower than several tens nm. Especially for improving the sharpness of
‘the perpendicular magnetic field generated from the magnetic head at the
time of recording, it is effective to narrow the spacing between the pole tip of

30 the magnetic head and the soft magnetic layer not only by narrowing the



3 3 0 AUG 2005 spaci ng between the nmagnetic head and the magnetic recordi ng
medi um but also by thinning the protection |ayer and the nmagnetic
recording layer as nuch as possible. Since the magnetic flux . §QEF9aﬁ€
fromthe magnetic head |localizes to the soft magnetic |ayer alnos hout
being attenuated, it is 5 obviously very difficult not to invert the
magneti zation in the concave regions of the nagnetic recording |ayer but

to invert the magnetization in the convex regi ons of the magpetic

Fecor di ng | AR RRE i PARREVE Gead BVaIhh Saesrrc FeeordRraRE AT e
nonmagnet i ¢ SO Syr @i BnidB kheNSrosddtRANMaDe 0 bind Be rﬂiﬁ’%ﬂe‘tﬁdremﬂ@é dyekil d
applied is adjusted optimally. 10 In view of the foregoing, 1t is an object
of the i nvenwivgh as opsible Binca thp ayagantic Suk genenaderbirom thecvrenatly iradi um

whi ch obvi at fota 4@@ tBrt(?lgls%%sma ﬁﬁﬁg | eq ﬁ%%?wﬁh%u%%ﬂ’?g gpc'éné&t!ew (i}gi the
Probl ems According to an aspeCt o e 1'nvention, there 1s provi ed a

per pendi chl asbviagietvecy rdiffonudi mgt nledinvert mbé¢ udagrgtizatinonimadgnetcoocave

substrate; a soft netic layer on the nan net i ubstrate; a nmagnetic

ecor di ng. | AFEIOTSHIVEC CHESRUT TarETHEE 10T i 0 G RGHBEPEELEPdPng | ayer
20 havi ng pefReqfivexIragioNR@Nehé 2A4SRAR RXHIM T el evRA PREW a@Uhddvent her et 0
and indicating data signals; a protection |layer on the magnetic recording

| ayer; and tleselmattragnefdrmeditistheatanntagnetig substuatead thesdtengpuet then f or ned
t her eon, thea1 Fe‘é‘?ﬁa%x%\é !ﬁé?gtabgfigd is”acd'H&i(engﬁ&%‘fl ve portions to generate a
or detecting a P s gn

magnetic flu redeterm ne | based on 25 the
magneti zadion in the region of the soft magnetic |ayer in the concave

portion of the nmagnet j.c substrate. Hereinafter, .the region of the soft
magnetic |ayer Plr% Ylﬁg( %%h‘é’a(s?ée%?&g’i%ﬁs éf ‘ﬁﬂ‘é“r?éﬁi?ﬁdﬁ%‘f’?téo% EHBYMASS2wi || be
referred to gspbhid@culaPNaayseti€PeRdRl hRiwRe! WhidDBBliated &YEHroblems

described above.

15 Means for solving the Problems
According to an aspect of the invention, there is provided a
perpendicular magnetic recording medium including: a nonmagnetic
substrate; a soft magnetic layer on the nonmagnetic substrate; a magnetic
recofding layer above the soft magnetic layer, the magnetic recording layer
20 having perpendicular magnetizations extending in perpendicular
thereto and indicating data signals; a protection layer on the magnetic
recording layer; and the nonmagnetic substrate having an uneven level
pattern formed thereon, the uneven level pattern including concave portions
to generate a magnetic flux for detecting a predetermined signal based on
25  the magnetization in the region of the soft magnetic layer in the concave
portion of the nonmagnetic substrate. Hereinafter, the region of the soft
" magnetic layer in the concave portion of the nonmagnetic substrate will be

referred to as the “concave region of the soft magnetic layer”.

30 Advantageously, the depth of the concave portion and the thickness of



30 Advant ageously, the depth of the concave portion and the thickness of 4
3 0 AUG 2005 the soft magnetic layer are larger at least than the length
~and the depth of the concave portion, and the easy axis "of nmagrmeiygapison
in the concave region of the soft magnetic layer lies in perpendicular to
the major surface of the perpendicul ar magnetic recordi ng nedi um due to
shape magnetic 5 ani sotropy. Advantageously, the cross sectional area of

t he concave portion along the mpjor surface of the perpendicul a ghetic
recordi ng medieueftBasnic laysy pastdreehledst H@%ﬁﬁ%ﬁﬁﬁh%‘?‘gg‘?? 3%51 of"

Advant ageousmé_,.C&Aasv@rp%gﬁ&grgmecﬂeSéaggJianié famBgRdiResh! irPBhd9oRiepal  or a

signal indicating the copyright data.” The magnetic recordi ng nmedi um

accor di ng t oregive dfrthe noft oragiwtis laystr lieg5n perjendecul drctorthg meajpy sitvifane dfn t he
magneti c rectﬁlr di n}fq}el %%L buta ut it.l i zes %.he magnet i Zat iton }ilan o hea capcave
regions of the SBMTTHEGET MPE RYEr TCAHERS t RET Whghet i FEdsr iR rédi um
uses the sineydsotk@sel pattern on the nonmagnetic substrate for the
predet erm ned signal such as a head positioning signal and a signal

i ndi cating the copyright data or the other 20 data. This specific feature

of the magneti ¢ £RE0EAAAHEHHUBAE ORI A of R LINER! bORidPRIhE at s

using the nagnetic fluxes generate romthe concave regions of the soft
magnet i ¢ | aytde ragjor herfpeccefethernerpentiisilgnalagnetivihenording metioaveecpmesi on of

t he nonrragnetirc sgrbt%gvra%%hgssttg {RL edet erm ned shape, the nmagnetic fl ux
generated fridth The Cditave” regidn25°6f the soft magnetic |ayer can be used
as the predeterm ned signal, since the easy axis of nagnetization in the

concave regions of the soft nmagnetic layer  lies in perpendicular to the
soft magnetic | dyd&RniRgeopsly: Hee Bpdgtermansrbeippal 57 Berd ppsytioning signa

or a signal indicating the copyright data.

The magnetic recording medium according to the invention does not

15 utilize the magnetization in the magnetic recording layer but utilizes the
magnetization in the concave regions of the soft magnetic layer, when the
magnetic recording medium uses the uneven level pattern on the
nonmagnetic substrate for the predetermined signal such as a head
positioning signal and a signal indicating the copyright data or the other

20 data. This specific feature of the magnetic recording medium according to
the invention facilitates using the magnetic fluxes generated from the
concave regions of the soft magnetic layer as the predetermined signals.
When the concave portion of the nonmagnetic substrate has a
predetel.‘mined shape, the magnetic flux generated from the concave region

25  of the soft magnetic layer can be used as the predetermined signal, since the
easy axis of magnetization in the concave regions of the soft magnetic layer

lies in perpendicular to the soft magnetic layer due to the shape magnetic

anisotropy.

30 Since the magnetization in the region of the soft magnetic layer



30 Since the magnetization in the region of the soft magnetic layer 5 3 D
AUG 2005 outside the concave portiens of the nonmagnetic substrate lies-in
parallel to ~-the soft magnetic |ayer, the nagnetic head does ng)g fied ems t he
magnetic flux fromthe region of the soft magnetic | ayer outside the
concave portions. Therefore, only the magnetic flux fromthe concave
region of the soft 5 nagnetic |layer is detectable as a signal. Since the
magnetic flux fr concave reghon of the,.sof eti.c | i s |arger
than the magnuei® b dEnef B dofin GRmRimddBul S b RAVEH BB RS, <

cor r espondi nthet 0 ftt hagnatgyviager, lthy alagnatit @ead does satdecéce dhe ataghytit flexst at e of
magneti zatiop in the magnetic recording |ayer but by the state of

magnet i zati o Oi“nt}tenéegs‘%?t"?ntéﬁn%’f’i EaeRGEF layer ?’HE“#&@%P%CW%CWHP’H@ medi um
accor di ng toThfiefdrBY SRty PRe NANERGid BRx BbEHEh! @ndsvedesshibh badiRb YR
exhibits large nerits, 'since the nmagnetization in the concave region of
the soft wagmesnetid kyer iaddtectableragrresignal iBncd the maenete flus fremridei c
recording layer_are orj d i erpendi cul ar, to the 15 nmajor _sukface of
the gnet i ceealy el SEMRE RO o RRER G S Bl Mt ReBhedh BUR o Ton
in the regioftoffthehtagdtic nagidéig taykayhe dgiias derrbé@ndigneaste wpesvehons of
the nonmagnetic substrate is oriented in parallel to the oft magnetic

| ayer (al ongeVHlePattdy aéfS’(id§t‘%9Fed:Tﬁ F}t‘%ﬁtﬁgh‘?f ’Bﬁg%‘*ttﬁt’éﬁﬁp)ﬁ?‘ﬁ&‘%m gnetic
field in perpendigcdlRr bt bPendRInLL rﬁa%r?&?zragibﬂgn@ﬁgbdfmr{a‘éH%E thyR0, or
downward) and by rendving the magnetic field to magnetically wite the
signal s tbrresponding to the uneven |level pattern on the magnetic recording
medi um Bri ef Domcr | atLoR. flootdiee DI B B Gsad td S SESHRYL Gine! B8
sectional view of a pgr pendicu ar ma(jnetlcgo recordi ng e FuMPaccor di ng
to a first esthaduresd dedcribbe abbvenkhibits 1intg®. merits stnce ahe Mg tiasiohng
descri bi ng the di mensi ons . of tc]}(f concave

in the concave region ot the soft magnetic layer and the magnetization in
the entire magnetic recording layer are oriented in perpendicular to the
15  major surface of the magnetic recording medium (upward or downward) and
the magnetization in the region of the soft magnetic layer outside the
concave portions of the nonmagnetic substrate is oriented in parallel to the
soft .magnetic layer (along the easy axis of magnetization) only by applying a
magnetic field in perpendicular to the magnetic recording medium (upward
20 or downward) and by removing the magnetic field to magnetically write the
signals corresponding to the uneven level pattern on the magnetic recording

medium.

Brief Description of the Drawing
Fig. 1 is a schematic cross sectional view of a perpendicular magnetic
25 recording medium according to a first embodiment of the invention.
Fig. 2 is a schematic drawing describing the dimensions of the concave
portion in the nonmagnetic substrate of Fig. 1.
- Fig. 3 is a schematic drawing describing the concave portion in the
nonmaghetic substrate of a magnetic recording medium according to a

30 second embodiment of the invention, the cross sectional area thereof



portion in the nonmagnetic substrate of Fig. 1. Fig. 3 is a schematic

drawi ng describing the concave portion in the nonmagnetic substrate of a
magneti c recordi ng nedium according to a 30 second enbodi ment 0 AlUfe2005

i nvention, the cross sectional area thereof 6 3 0 AUG 2005 becones narrower
toward the bottomthereof Fig. 4 is a schematic draw ng describing the
cross secti.on of the rragneti c recording nmediumaccording to the first
enbodi ment i]lustratin ation rections in the respective
consti t uent L%‘%‘@n&ﬁo ttﬂ‘ﬁag(P%hgt?%E T thsr 8%'d applied in perpendicular to
the entire surfagg. of 1§ he soRanetit ddrawes® rddbdrghing dihéntioss reepmvecf thiad t he

change of the signal roduced by the magnetic head scannjng the surface

of the rragnefniagn?té%éﬁ"‘iﬂr 198 rrRe iy m arziogdms/m the firgh ¢Ebodime s 1§Ea08r oduced
out put  si 9”akheoﬁlta@hé‘t‘?ﬁtfornoﬁnre&ﬂﬁlsr‘i%gﬂl%t tdsp é&ﬁ%r&hgﬁtﬁ@'lﬂﬁ@@%rdﬂh@g to the
second enbodi nment, whi 10 i ncludes concave portions bottom ar ea

t hereof i%& nmagovmﬁelﬁlag)phsélnQemanalwceﬂzilotomh@fentlheSuépmﬂﬁj@ednmepmt si gnal

obt ai ned from netlc recor in mac rdi ng to the first

onbod ment . ipidiRe FRARGRS EBSRde A TR A A D P B eRd Mo i o
not nar r owedthelipapsteshdadrscamningi the sQtfacd Gfthk hyditetioteddedingh@edinnent i on

W Il be described in detail hereinafter with reference to the accorrpanl ed
drawi ng figures i ef 1318 Ware e chehg repredyced ousitotigRahedayred fiem

i nvention. 2fhefigndhid RofdtENRBALE 4683 SRAH:WaInd 8 MoMmeAe PRRRENCI Cul ar
magnetic recording nediumaccording to a first enbodi nment

i nventi om0 Reheles compamewortoorfs| the liqttamer@etlmeeuius:uamWHégnetl c recor di ng
medi um according to the invention includes a nonnmagnetic substrate I
including conc rti o for d Ki

posi ti oni ng ZSaF{%gﬁgllé oérag‘é%}(f eog?fgeng rgl(lgu %I 8%%@“ Sl?ﬁlél é:ﬂolglyn%?g%
such data. Ttl® magnetic recording medium according to the ﬁrst embodiment, which

data and

includes concave portions, the bottom area thereof is not narrowed.
15 Modes for carrying out the Invention

" Now the invention will be described in detail hereinafter with
reference to the accompanied drawing figures which illustrate the preferred
embodiments of the invention.

20 Fig. 1 is a schematic cross sectional view of a perpendicular magnetic
recording medium according to a first embodiment of the invention.
Referring now to Fig. 1, the perpendicular magnetic recording medium
according to the invention includes a nonmagnetic substrate 1 including
concave portions 11 formed in advance and working as head positioning
25 signals or as the signals indicating the copyright data and such data. The
perpendicular magnetic recording medium according to the invention
includes, at least, a soft magnetic layer 2 on the nonmagnetic substrate 1, a
maghetic recording layer 3 on the soft magnetic layer 2, and a protection
layer 4 on the magnetic recording layer 3.

30



per pendi cul ar magnetic recordi ng medi um according to the invention
i ncludes, at |least, a soft magnetic layer 2 on the nonmagneti-c substrate 1,
a  magnetic recording layer 3 on the soft magnetic |ayer 2, an8lfaAuG 2008
protection |layer 4 on the nmagnetic recording layer 3. 30 7 3 0 AUG 2005
The nonmagnetic substrate 1 carries the head positioning signals or the
signals indicating the copyright data and such data formed in advance in
the formof an upeven |evel .pattern. The conyentiopal .al um num a

%4 SrP

. U f | 0
substrate provi ded® WOPH3RPENGPEPT RG] BRESS By PRIENPEFE 8 gl ass 5

substrat e ar e¢hdisigdalsdhdicAEinpahsRgpRtisles dathdrdéehldatihoried Ve ndvenel
pattern is formed by the photolithaographic technique and _such a techni que.

Wien a gl assirtifefarsl obpnaipavastlpeelreadierns dbn Raveiored ralomnaramaalipy
pol yol efin i §u%§ﬁﬂe ﬂrt)vi'dﬁd dﬂ?ﬁfl%ﬁblp?ﬂgiégmthgeco}ﬂ/&wi(ﬂﬁ'l Noi@hreed glassh

mass-productivity, ‘to nmanufacture’t onmagneti c substrate 1 by the
i nj ecti onsnobebstptesineguselD for dhe nammagpetihesubstratn 1.eVed pwverrlevélor ned

therein in advance. Fiag. i,s a,sch tic,drawi ng for ,describing the
i mensi ons. opetR s dohiid By iBr Braf LRt Ao S ARE PECE BetPRabeT e
w dth W thewenghhglasangatdigaldepth fasfic tresinCeagave® polycaMondde iamd 15 the

nonmagneti ¢ substrate 1 are defined as described in Fig. 2. According to
the inventi oRolyplsEnfeagehdbis Pisiragles figanthe vewinpintsplgRassProddriEty:ng t he

copyri ght daﬁ@maﬂqfa%ﬂﬁfa_tﬂ@t&gge@nreas%w& a2 w?hecﬂgs&yo% POIdiheBSin

1,
formed in the nonmagnetic su rate 1 and shown 1n Figs. 1 and 2, gnd by
the regi o0 oa dichkaving blegnetven lsvdgtatiere farmadhntihereingn ndvammncave. For 20
orienting the easy axis of nmgnetization in the concave regions of the soft
magnetic | ayer in perpendicular to the soft nagnetic layer, it is
necessary, as degcrd hed dchefiatict @radvahp foh Qles@iiaY &hpadikied8onefoft 1R

nonnmagneti ¢ substrate such that the dinensions thereof are related with
each ot her agoncave portion 11 in the nonmagnetic substrate 1.
The width W, the length L and the depth D of the concave portion 11 in
15 the nonmagnetic substrate 1 are defined as described in Fig. 2. According to
the invention, the head positioning signals or the signals indicating the
copyright data and such data are recorded by the concave portions 11,
formed in the nonmagnetic substrate 1 and shown in Figs. 1 and 2, and by
the region on the nonmagnetic substrate 1, which is not concave. For
20 orienting the easy axis of magnetization in the concave regions of the soft
magnetic layer in perpendicular to the soft magnetic layer, it is necessary,
as described later, to form the concave portions of the nonmagnetic
substrate such that the dimensions thereof are related with each other at
least by the following two relational expressions: W<D and L.<D.
25
When the cross sectional area of the concave portion 11 parallel to the
nonmagnetic substrate becomes narrower toward the bottom thereof as
shown in Fig. 3, the easy axis of magnetization in the concave region of the
soft magnetic layer 2 is oriented more effectively in perpendicular to the soft

30 magnetic layer 2.



| east by the following two rel ati onal expressions: WD and L<D. 25 When the
cross sectional area of the concave portion 11 parallel to-the nonmagnetic
~substrate becones narrower toward the bottomthereof as shown 8 EKUg.2008.

t he easy axis of magnetization in the concave region of the soft nmagnetic
|l ayer 2 is oriented nore effectively in perpendicular to the soft 30
magnetic layer 2. 8 3 0 AUG 2005 Materials exhibiting a relatively magnetic
hi gh permeabilit uc Ni Fe IIo a FeSi allo n al |l oy

Cotar mi g cobal VAE6e s a¥biighea o ibBReRt G i mer By RucEap &
magneti c | ayRiF allby,ef e8bAlyalley HRIRG Alfoy Edrthhih® M (€8 £hufth Rgaihor m ng
the soft magnetic layer 2 in the direction 5 which orients the easy axis of

magnet i zat i opPraponeRé agefusedeghéhe eofit apegnepic layepar EBTP@Faktlb & Heagnstic
t | 2, d di sk.
magneti c | aygr) 2 Eﬁ' @H'%Jlxé'fﬁrﬂ%g {radiH lrxg{g nef 19 br that t t# ¢ as

It is necessary t or m t netic i ckness
d t her eof 51 swhethadréchteithé ebdyeaxis df Imakg/mtldamdsred E}mgsdﬁt inagﬁemmhlyecdnnave

portions of the n neti c substrate_at | east the IIo

Dol at Conal | eRUPUELRDOIE AR ARBOREL ot 2 fepeRaludatpy Hrunl tHEUBEet of the
concave port pRBfeti®dRR. 1tak G8festidNtolihen thd siPasgndtiolasehe s%@ﬁ tthmgl@et ic

| ayer 2. The easy axis of nmagnetization of the soft magnetic |ayer 2,

formed as 1bhieknsse idhlpragoiserdatedhwithoheayihi W 80@)§h¢ dergth haﬁfltﬂi’g t he
concave port J:o%@gvelémt }n@%f tH(% Bgﬁxt%la!g%]tlg &k}slf'lgatg QE fe %g%lb ct‘“ol %%’1?1% t6o0Ut si de
ras t1za

t he concave region e easy axis o n of the
soft nagnet i felduag'xearl e2ptdseivn: W< fdeirdelndidc I r'srndc@ssblﬂﬁfcﬁdﬂlb depgin & ofctheayer 2
i nside the concave regions_ thereof due to the effect of shape magnetic :
ani sotropy. SWCRYe Pertieagde badgraes thaw thajthitteness grrdithe seft evasnsgcdaerposi ti on
data of the o

The easy axis of magnetization of the soft magnetic layer 2, formed as
15  described above on the nonmagnetic substrate 1 having the concave portions
11, hes in parallel to the soft magnetic layer 2 oufside the concave regions.
In contrast, the easy axis of magnetization of the soft magnetic layer 2 lies
in perpendicular to the soft magnetic layer 2 inside the concave regions
thereof due to the effect of shape magnetic anisotropy.
20
It is necessary to record the signal indicating the position data of the
magnetic head and used in the conventional hard disk for the recording
length of 1z m or longer. It is difficult to form the concave portions deeper
than the recording length described above é\nd to form the soft magnetic
25 layer thicker than the recording length described above. However, the
magnetic recording medium including the concave portions having the
dimensions as described above can be used, when the above described signal
1s modulated with a higher frequency signal and demodulated after the
reproduction by the magnetic head.
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magneti c head and used in the conventional hard disk for the recording
length of 1 uin or longer. It is difficult to formthe concave portions
deeper than the recording | ength described above and to form tghe s80f4s
magneti c 25 layer thicker than the recording |ength described above.
However, the magnetic recording nediumincluding the concave portions
havi ng the dinensions as descri bed above can be used, when the above

descri bed signal misS . d_w i.g g n i gnal _an

domodul ated af ter 't hceomg’yﬁ‘%a u%ét(gp%ﬁd‘bﬁﬂ’trh‘gﬁﬁ‘é‘igtﬁnzg"?ﬁg o 6‘3359 §auc 2005
The convent i allay fibaripdndingud &oCrdidgmedridzaCoGnPt filntsan amohplasisalloy filal | oy
filmincluding a CoCr film and CoCrPt film .an anorphous allo i1m

cont i ni ng. aCTUAINIBE A FFa5|ATEn e SPRIEARY ArfEf T Gep matah g aﬁ%f{l{s\/ film
formed of Cofdawr § efdayds | aNePs 18¥erSlor AYRYErd BiMiNatRdaRLLRLANRL BFy, are 5
used for the magnetic recording |layer 3. The thickness of the magnetic

recor di ng5l aye¢d For shergpagneticureqerdang tlaverne. ghbe fthickmesse obfthe Hoagmgjifet i c
recordi ng medj .aGC | ng . i tio ti C j | ayer

3 s trom 5 SOTARECRLE 0id Rk IRALENER' Lothe RAFroFRARE, f HECRRRMIE TVong
enough and needoedinppaédiuinhaccsitinpneske aivehhiennBlgn etagnefic ebabrdimgnaydre 10
magneti c heaq.. |I.f necessary, a .no netic internedi ate |ayer. may be
haerted.  botusd Rae 6 B0/ B PR St %f%ﬁﬂetrﬁ%rﬁag%éﬁ% aJctb ng
layer 3 to gRegOlnlNgo 361 eidiF &hefsHaRndBasetteC nRetidi Mad! Ay@r tkd The
conventional protection | ayer such as a |layer containing carbon as 15 its
mai n conpBnemasgantic fheadh Af tnecaany,nn i monmagrietissintersnadalg {ayer thay dreot ect i on

| ayer 4. | f ﬂ?s%?éi%reywéae% me 'ft{jﬁllagmﬂlé: ﬁggr b%%ﬁrthmat tl];:?*%ég;gmgriayélh €
protection |ayer 4 t0 | npfove the°resi stance agai nsto rriction and’ wear.
Fig. 4 is a Schesmirolcahdsamichgeds she indigngtit heording fayeedt i on of the 20
magnetic recording nmediumillustrating the magnetization directions in the
The conventional protection layer such as a layer containing carbon as
15 its main component and from 2 to 10 x m in thickness is used for the

protection layer 4. If necessary, a liquid lubricant layer may be formed on

the protéction layer 4 to improve the resistance against friction and wear.

Fig. 4 1s a schematic drawing describing the cross section of the

20 magnetic recording medium illustrating the magnetization directions in the
respgctive constituent layers after the magnetic field applied in
perpendicular to the entire surface of the magnetic recording medium
(indicated by the arrow pointing downward) is removed, and the change of

the signal reproduced by the magnetic head scanning the surface of the

25  magnetic recording medium.

" Referring now to Fig. 4, the magnetization in the magnetic recording
layer 3 points downward. The magnetization outside the concave region of
the soft magnetic layer 2 lies in parallel to the soft magnetic layer 2, that is

30 parallel to the easy axis of magnetization outside the concave regions of the
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respective constituent |ayers after the nmagnetic field applied in

perpendi cular . to the entire surface of the magnetic recordi ng nedi um

- (indicated by the arrow pointing dowmward) is renoved, and the ﬁh@ﬂ?ﬁ gf

t he signal reproduced by the magnetic head scanning the surfac% o) @ 25
magneti c recording nmedium Referring nowto Fig. 4, the nmagnetization in
the magnetic recording |ayer 3 points downward. The nagneti zation outside

t he concave region of. .the so magnetic .layer. .2 |ies in parall to the
Soft et i $OIF sknesc lex 2 The (RRtpREpt Y ighdhe Gyt ieean of the

nmagnet i zat i 0g,fpHapndeic 1RrcHpeRYE dbREWARS Bht 11810h8 the Uil R O rotaf t
magnetic |ayer 2. The magneti zation insi de the concave region of the soft
magnet i ¢ | ayBie magegtin Belddoanalied, sinratthe sagy arig of masaetisatiominsidendeet o t he
magnetic fie ' ' . Si ﬁaﬁy X] f j [ ipsi de the
concave regi Jéogm%?eeg&i%\ﬂ glg? ;l)IZr?g?Fgeﬁ]lhg&ﬁﬂ 0 tihh% é'sogtf ?‘a Hg%&e]ﬁy@;%taﬁ’%ezﬁa nce

t he 5 reps odspeddwiedsagnadutuppitt chwagge sorespoadpantl tig dvahpemeantr dndenent of
the concave regions.andl%gﬁlnot concave region, the arrq&g ment of the
concave regf eV aHE Ve Hot "RV ESGRIR: Ehhagargt et GPP¥HE head

posi tion datggi@RrAUMR Halancall rEFBAGHABRLGIINRW fohghel 4N dsRbnMidth be
descri bed hereinafter in connection with the preferred enbodi nents thereof.
15 First enmbowd medhdadapol ycar bonate substrate, 3.5 in. in dianeter and
formed by injection nolding, is used for the nonmagnetic substrate 1.
Concave portions, the wdth and the Iength thereof are 100 nm and the
depth t het ecEmbeduaentad from 50 to 200 nm are fornmed concentrically in

t he pol ycarbonate substrate 20 in advance. The concave portions on the sane
circle are spaced apart for 200 nmfrom each other. The nonnagnetic

substrate 1 is |IQafede ifvehtRUkIIERd BScribed hereinafter in connection with the

preferred embodiments thereof.

15 First embodiment

A polycarbonate substrate, 3.5 in. in diameter and formed by injection
molding, is used for the nonmagnetic substrate 1. Concave portions, the
width and the length thereof are 100 nm and the depth thereof is varied
from 50 to 200 nm, are formed concentrically in the polycarbonate substrate

20 1in advance. The concave portions on the same circle are spaced apart for 200
nm from each other. The nonmagnetic substrate 1 is loaded in a sputtering
apparatus, and a CoZrNb alloy soft magnetic layer 2 is formed on the
nonmagnetic substrate 1 by the magnetron DC sputtering method using a
CogsZriNbio alloy target. The resulting soft magnetic layer 2 is as thick as

25 the depth of the concave portions in the nonmagnetic substrate 1.
Subsequently, a Ti intermediate layer of 10 nm in thickness, a Co70CrzoPt1o
maghetic recording layer of 30 nm in thickness and a carbon protection
layer are formed one by one by sputtering. Finally, a perfluoropolyether
liquid lubricant layer of 2 nm in thickness is formed on the carbon

30 protection layer. Thus, a magnetic recording medium according to the first

11



apparatus, and a CoZrNb alloy soft magnetic layer 2 is fornmed on the
nonnmagneti c substrate 1 by the magnetron DC sputtering nethod using a -

- Cos3Zr7Nol o alloy target. The resulting soft nmagnetic |ayer 2 i3s) agGtppsck
as 25 the depth of the concave portions in the nonmagnetic substrate 1.
Subsequently, a Ti- internmediate layer of 10 nmin thickness, a Co70Cr 20Pt 10
magneti c recording layer of 30 nmin thickness and a carbon protection

| ayer are fo .SPL ing.; Finally, a perfluoropol yether
liquid |ubri %%ﬁd%&é%gﬁé‘%@ﬁ%@ﬁ%%:Bgﬁg%%gs is formed on the carbon 30
protection layer. Thus, a magnetic recording nmedium according to the first
11 3 0 AUG 2D05 odi nent .of the invention is. fabricated.  The ality of
the signals reprﬁggc‘@c? ¥ ot e81ﬁﬁ©]ﬁe¥qp€°‘f‘1§8%rfa?rﬂgthen?@gﬂﬁﬁl? éﬁ?qga’é’tged as
descri bed abgw@iis fa¥Ataated désckiRed falohOWs REaM@Yed tn TheTaliSwidgewhgcor ded
in a spin stand tester on the track, in which the concave portions are
forned, by ap@Enalngrea rerdedrstd erin standidesiaarca the traskpemdylighathet o t he

maj or surfac i i | ¢ i jat:i.ng
o ement of -sengryt PSR T ORA0, B BARANE S DENaphl SO Wb Authnd i
magnet or esi spampeadic@dRr) tot thpe majdresyrfideeofi Bromddoins i fggral 5 neagmetiedta0 out
using the ma%]ngtdéc head, .descri bed .above. The qualiti ea. of thi retfrfoduced
signals are Pcl44Re AWEHBE &lementaf single gals: HrH2ast & e dtEihAlempRt ¢ ons as
a paraneter. i-g%blrﬁ’a%ne%@gi@%r@e ((omiRe By RdugRd, $hdpPador@kighiiesre” Riagnal
qualities 506. 1X 800. 2X 10010 | .2

10 out "using the magnetic head described above. The qualities of the

reproduced signals are listed in Table 1 with the depth D of the concave

portions as a parameter.

Table 1
Depths D (nm) | Reproduced signal amplitudes * | Signal qualities
50 0.1 X |
80 0.2 X |
100 1 O
150 1.2 ©
200 1.3 ©
15
The symbol * in Table 1 indicates that the ratios between the
reproduced signal amplitudes for the depths D’s and the reproduced signal
amplitude for the depth D of 100 nm are listed.
20

As Table 1 clearly indicates, signals with excellent quality are
reproduced when the depth D of the concave portions is larger than the

width and the length thereof.

25  Second embodiment

Fig. 3 is a schematic drawing describing the concave portion in the

12



50 1.20 150 200 1.3 O 201.30 15 The synbol * in Table 1 indicates that the
rati os between the -reproduced signal anplitudes for the-depths D's and the
‘reproduced signal anplitude for the depth D of 100 nmare |istgeg 3

Table 1 clearly indicates, signals with excellent quality are reproduced
when the depth D of the concave portions is larger than the wdth and the
| ength thereof. 25 Second enbodinent Fig. 3 is a schematic draw ng

descri bing the concagve Bﬁ%tion én the 12 Z 0 %UG 2 nonnag&gtig substrate
of a magnet i BOPBRBRH N GUREER nPh dc BIAEPAYC 1'6°Y Ve YR BES WAL "Df t he

I nvention. Th&oRagRdbiindRcPtHe NregBdhum according to the second enbodi nent
is fabricated in the sane way as the magnetic recordi ng nedi umaccording 5

to the first enbbbk magnetiseprdingemsiise astording Wotheaireonbrmbofiment t he
nonmagnet i ¢ %UQ%E 8 i thA3aRAOWAY 110 tﬁégnziﬁ?xetik Bedt BREANEIRN bOAARECO! di ng
enbo t ated p t ed.

to the secon Iment 1s a trunc amd I nve I'n ot her "words,
t he cross5sett tlndirstapmhodiimdrntiecxcepic dhe spapd iobrthaconcadiengprtions he thecond

embodi ment parall el ol O 800 PMRIVELL S 154051, LS AnbSE RSN ALEQUEE
to the second embodiment is a truncated pyramid inverted. In other words,
the cross sectional area of the concave portion according to the second
embodiment parallel to the nonmagnetic substrate 1 becomes narrower
10 toward the bottom thereof. In detail, the depth D of the concave portion is
150 nm. The width W and the length L of the concave portion are 100 nm.

The bottom of the concave portion is 50 nm in width and in length.
The magnetic recording medium according to the second embodiment
is evaluated in the same way as the magnetic recording medium according
15 to the first embodiment. Fig. 5A is a wave form of the reproduced output
signal obtained from the magnetic recording medium according to the
second embodiment, which includes concave portions, the bottom area
thereof is narrowed. Fig. 5B is a wave form of the reproduced output signal
obtained from the magnetic recording medium according to the first
20 embodiment, which includes concave portions, the bottom area thereof is not

narrowed.

As Figs. 5A and 5B indicate, the quality of the output signal
reproduced from the medium including the concave portions, the bottom

25 area thereof is narrowed, is higher than that of the output signal reproduced
front the medium including the concave portions, the bottom area thereof is

not nan:owed. Thus, the change in the shape of the concave portion is very
effective to improve the performance of the magnetic recording medium.
This effect is attributable to the orientation of the magnetization in the soft

30 magnetic layer oriented due to the magnetic anisotropy enhanced by the
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10 toward the bottomthereof. In detail, the depth D of the concave portion
is 150 nm The width Wand the length L of the concave portion are 100
rim The bottom of the concave portion is 50 nmin wdth and i B0 abgt2b
The magnetic recordi ng nmedi um according to the second enbodiment 1is

eval uated in the sane way as the magnetic recordi ng nediumaccording 15 to
the first enbodinent. Fig. 5Ais a wave form of the reproduced out put

si gnal obtai ned. m.t magnet i c recording medi um according to the second
enbodi nent, Whi ¢ J&r?&e[}gg}%e éﬁo}ﬁf:nér" Iele%f)? ?’f)‘ﬂs, the bottomarea thereof is
narrowed. Fig. 5B is a wave form of the reproduced output signal obtained
fromthe magnetic recording nmedium according to the first 20 enbodi nent,

whi ch i ncl ud concave p ions,.the bottom area thereof is not narrowed.
As Figs. 5A Z‘ﬁ‘aa%%%eﬂaf cgfée,csthgf qﬂbﬁ fn[v)(;n %t he output signal reproduced

fromthe medi um Apdebdittg@ AhseC R MEEnPAE rb@R&ingt Red @t thedbrdmgatoethet her eof
is narrowed, is higher than that of the output signal reproduced fromthe
medi um i n8l udEgtieAsoes Retavidligohe BAgNetizablop dn tthenmatagtic Kesosdimelayern ot

- d. Th : LBt ;  Qfla
harrowe Yt uhﬂgescthﬁé;ggagglgt&moém e ? ndallg rggaﬁ@‘\é? tH(Qrs{)jflt %gaéf?eéféer y

effective to I nprove ornance o e magnetic recor redi um
This effect layestwvhembtballaznetictrheordimgemtdivnonsed thehenemegnlevelzietiom i n t he

ft 30 tic | i.ent to th ti i sot h db
The 133 D ADKS!B0OBHEHBBIPY o GHEHE o7 OB edBr s SERe. PUJERY o ARUANt ageous

Ef fects of tpesitisriaptdighalAgndlasshieshdaleme, theh@piFigheidata bLERE dtig medi um
according to the 5 invention does not utilize the magnetization in the

magnet i ¢ 1P ecBrdi Adis apesific fatuis pf thremagnetisrigareding anpéiHN AceoR@ingdicave
regions of tH% s¥dnROREhlifed il (MHaRiTRIRA \LEnLAEAT HHdh (HRAI UM

uses the uneven | eve pat tern on tthe non gnetl C substrate for the
pr edet er m nechrsgbgnategsuch @s thehadghals. When the concave portion of the

nonmagnetic substrate has a predetermined shape, the magnetic flux
generated from the concave region can be used as the signal. More in detail,
15  when the depth of the concave portion of the nonmagnetic substrate and the
thickness of the soft magnetic layer are larger, at least, than the length and
the width of the concave portion, the magnetic fluxes generated from the
concave regions can be used as the signals, since the easy axis of
magnetization in the concave regions the soft magnetic layer lies in
20 perp'endicular to the soft magnetic layer due to the shape magnetic
anisotropy. By narrowing the cross sectional area of the concave portion
parallel to the soft magnetic layer toward the bottom thereof, the shape

magnetic anisotropy is enhanced.

25 The magnetic recording medium formed as described above facilitates
realiziné a higher recording density due to a higher track density obtained
by the improvement of the accuracy of the head positioning signal and due
to a higher line recording density obtained by employing the perpendicular
magnetic recording method. By not only employing the uneven level pattern

30 for the head positioning signal but also by recording the other data such as

14



positioning signal and a signal indicating the copyright data or the other
10 data. This specific feature of the magnetic recordi ng nedi um accordi ng
to the invention faci-litates using the magnetic fluxes gener &tledU6 r280% t he
concave regions as the signals. Wen the concave portion of the
nonmagneti ¢ substrate has a predeterm ned shape, the magnetic fl ux
generated fromthe concave region can be used as the signal. Mire in

detail, 15 n a i t i
subot 1t and et REVEEfE Spin. B the SurRRACIR. ROLLLAM Gha e AMAIRAEL S
| east, than thHee deemxgedh datedaret faecilita@dtdh of t he concave portion, the magnetic

fl uxes generated fromthe concave regions can be used as the signals,
since the easy axi.s of magnetization in the concave regions the soft

magnetic |ayer |TieSmiaBndfic pROPERYI Hadiam d@otdiey sfHe HRENGEN Balidgahedue to
t he shape magnetic anisotrqpy. By narrow ng the cross sectional area of
the conca¥e §iBwetlEmas gascaibed|aboye erbibitstlargeayaets. sincgyibe magwatirating bot t om

thereof, the Sm%ncmggdr%e@h%%?@%gbiﬁfg???%ﬁg'thgﬁng tBBBRLHC

recordi ng nmedi um t or ned ribed itates reéalizing a higher
recordi ng dethei ¢ntidumagoetac egivdingt tsgek attensienyed it giempehdifaylat e the

i nprovenent of.the accuracy of the head positioning sjignal and due., to a
hi gher | i ne PRIAAFAE Bele PHEmtH e b MERPIBIREEHE PorPad &0flar
magnetic recghél e MBEAGhatBY iAOfheREWNITRhOXbM Ind iR tieNay&odteMelthpat t er n
30 for the head positioning signal but_ also by recording the aother data

such as 1U 3copcaEGFeEUB isheriertggringparadial to the soft meemat lavae (Hrastiect i on

and the man t i1 tat tic

recordi ng rrea%?ﬂ%%ecég%sy d%ﬁngdtc gl%%ﬁgﬁ?%gog‘n |t§%%ﬁ%\%lﬁ %\%Aettﬁcelgg%r) :s[)? %@%Bg as

descri bed abouesagnéticbfitld Immpgepareliditlss; tsitheembjoe svafhavet 6fzthd amgnatit he

concave regi onsdof theaisof{ ma etig | ayer anqin he magnetization i.n the

entire magnetr&HME GGG MRV % et B Arde A1 béﬁﬁ@ﬁmgcﬁﬁveamg&eflﬁe
field to magnetically write the signals corresponding to the uneven level

15 pattern on the magnetic recording medium.

20

25
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maj or surface of the magnetic recording nedium (upward or downward) and
since the magnetization in the region of the soft magnetic |ayer outside
the 10 concave regions is oriented in parallel to the soft nmagnety qugadg
(that is along the easy axis of magnetization of the soft magnetic | ayer)
by applying a magnetic field in perpendicular to the major surface of the
magnetic recording nmedi um (upward or downward) and by renoving the
magnetic field to magnetically wite the signals corresponding to the
uneven | evel 15 pattern on the magnetic recording nedium 20 25 15 3 0 AUG
2005 5 What is clained is: 1. A perpendicul ar magnetic recordi ng nmedi um
conpri si ng¥hat i cdmedhishet i ¢ substrate; a soft magnetic layer on the
nonmagneti c substrate; 10 a magnetic recording | ayer above the soft
magnetic | ayer, the nmagnetic recording |ayer conprising perpendicul ar
magnet i zatli ons Atgeatendixtlenuagnetiprenatiing nsedivnocanprizingr  surface or pl ane of
the magnetic recording | ayer and representing data signals; and a
protection |ayer on the magnetic recording |ayer, 15 wherein the
nonmagnet i ¢ subsbimigetivsibitde havi ng predeterm ned | ength, wi dth, and
depth, the pits form ng an uneven | evel pattern thereon, wherein the soft
magnetic | ayer extends into the pits, and the depth of each of 20 the pits

is larger thangtiemhSfRe tybidh the finh ictsiSstlagt h t hereof to configure the
easy axis of magnetization of the soft magnetic layer in the region of the

pits to lie perpendicular to the major surface of the substrate due to
shape jgmagnet i ¢ 3h S flingdB$tr above the soft magnetic layer, the magnetic recording

layer comprising perpendicular magnetizations that extend perpendicular to a major

surface or plane of the magnetic recording layer and representing data signals; and

a protection layer on the magnetic recording layer,
15
wherein the nonmagnetic substrate has pits having predetermined length, width, and

depth, the pits forming an uneven level pattern thereon,

wherein the soft magnetic layer extends into the pits, and the depth of each of
20 the pits is larger than the respective width and the length thereof to configure
the easy axis of magnetization of the soft magnetic layer in the region of the
pits to lie perpendicular to the major surface of .the substrate due to shape

magnetic anisotropy, and

25 wherein the soft magnetic layer in the pits generates a magnetic flux for

generating a predetermined signal.
2. The perpendicular magnetic recording medium according to claim 1, wherein the

cross sectional area of each of the pits along the major surface of the perpendicular -

30 magnetic recording medium becomes narrower towards the bottom thereof.

16



25 wherein the soft magnetic layer in the pits generates a magnetic flux
for generating a predeterm ned signal. 2. The perpendi cul ar nmagnetic
recording nedium according to claim1, wherein the cross sect3ongG amga of
each of the pits along the ngjor surface of the perpendicular 30 magnetic
recordi ng nmedi um becones narrower towards the bottomthereof. 16 3 0 AUG
2DD5 3. The perpendi cul ar magnetic recordi ng nmedi um according to claim1,
wherein the predeterm ned signal conprises ahead positioning signal. 5 4.
The perpendi cul ar magnetic recordi ng medi um according to claim2, wherein
the predeterm ned signal conprises a head positioning signal. 5. The

per pendi cul ar magnetic recording nedi um according to claim1, wherein the
10 predetesmn i . i '8 tndi i C [ tig 6.
The per peﬁ%li culeglresér?g%ﬁgltc @%_ o?gir%é%%%er(#‘%gg%?g?@gmt %18%{ g’??nﬁefiﬁ\k%er ein
the predepredatirmantd ssignah tonsprizps iadead posgiogingl signatli cat i ng copyright data. 15
7. Thensoerpendi cul ar magnetic recordi ng nmedi um according to claim1,

whereim each of the pits has an inverted-truncated trapezoidal profile. 20
17 4. The perpendicular magnetic recording medium according to claim 2, wherein the

predetermined signal comprises a head positioning signal.

5. The perpendicular magnetic recording medium according to claim 1, wherein the

10  predetermined signal comprises a signal indicating copyright data.

6. The perpendicular magnetic recording medium according to claim 2, wherein the

predetermined signal comprises a signal indicating copyright data.

15 7. The perpendicular magnetic recording medium according to claim 1, wherein each

of the pits has an inverted-truncated trapezoidal profile.

20
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