0 7 OCT 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 magnetic storage such as an external
storage of a conputer. Prior Art The conventional magnetic recorldi A§TnBth 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
exanple, the servo witer wites positioning signals on a magnetic di sk
through a magneti cppgadiNbICOLAG MAINETICEERBRING RDIURe magnet | c
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 gf leterm ned track even when the track density of

t he magneti cFle(ﬁjf?gth}?e elggl%gal magnetic disk drive is high. Therefore, the
very preci se 20 Theapkdsagt i@eintiohatedstes rtpraooperpgniicalaremapdetig re@pdapt y of

t he magnetic di sk. The itioning signals are recorded on a magnetic disk
by a sectdr M ‘H‘é‘t"h@g’feormbyaﬂfgu n]%é‘gﬂi Hfgmagnelic it Hsa. ST He2hagneti c
di sk which gaphysirhige secthpgervo method, 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 f,lhlgrg@gneti c disk which enploys the enbeddi ng servo net hod,
positioning servo signals are witten in advance in the deep |ayer of the
magneti c fil m arfthad@haestiigndisagnetictroeordingf medialsayle tis ohe hagnetigdaksc fil m
1

10  which 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.



07 OCT 2005 Japanese Unexam ned Laid Open Patent Application
H03(1991) - 228219 di scl oses a magneti c di sk including a nonnmagnetic
substrate having an uneven |evel pattern and a magnetic |ayer hadingCh 2005
concave' regions and convex regi ons copying the uneven |evel pattern of the
nonmagneti ¢ substrate and magnetized in the different directions. This
magneti c di sk, on which a magnetization inversion pattern for readi ng out
the signals is formed at the precision of the uneven |evel patterning,
facilitates inproving the track density. For parallel magnetization of the

10 magnetic di snggﬁgéé beq}r‘?é}%?ﬂﬂne& he m&cavepéﬁgl OPreand txﬁplﬁgaxﬁx

regions of the soft magnetic layer are nagnetized accurately in the
respective I}:If)&(dﬁﬂb)r%ﬁ&ﬁéa dlscmes msmbgneappldysMQHdmgm iac Ifqn@i&ttsletln t he

opposite dir ch‘? u5|n ‘%peilclheﬁg haV|n qk a qla magneti c
head havi ng® @ Hart VB%% Tﬂﬂﬁ L PR ?ag C|I|?éP%s easy
15 manuf agt UoBcdweregnsaiidl ¢0tveR vesiBnd c(qulﬁ@ehdooﬁwelnomvag)aamuroacthe
Protection and nanagenent of the recorded, data are facilitated b{ recordi ng
the copyri ghRordeagnefis sunstiaieland impengliged anakendifferent giregidonsy THe uneven

level patt erﬂa%ﬁ’({] tid i€k NGR% RGP 'atx’nggﬁé%%aﬁ'oﬂ N &rsiotCpathnPRk QQth @'

magneti c recor g method, which facilitates increasing the I1Re recording
density, hasthbeelgnehpisoﬁadnetdo at etdlei peec{tﬁlagh ofrdeondeven devedipattayninghe
magneti c disk....The endi cJ net reco met hod..rec s data by
Tagnet | #i ng SRS RERFE PR Bl REgul” TH ERRdEh bR RPRERLIEE The
magnet i cigi Sﬂﬁaéﬁﬁtup@ﬂ’slaeiéﬁttﬁbddaébdmgﬂﬁg td’hc&ﬁe FREHOh i) the’ﬂ@érwféﬁ&e'g’lloii@ft
magnetic layer with high magnetic perneability fornmed bel ow the nmagnetic
recordi ng | Bfethes§off narepetic dexpsetiec Masdetizedasepiatey Ty She tRePasHYPet i c

head at theeéx’eH&ePFmr( C‘Ei'ix%'cﬂgné"% Pa%ggﬁ%eﬁl%ﬁg&flgcﬁél&;'% ItRe P rp%@ﬂg' cul ar

to the magnetic recor l'ayer . gnetic flux gen ted from
t he magnet i odibeesidng ol(sail aegagmattcﬁt&aslolhaving a wide gap and a magnetic head

having a narrow gap. Therefore, this magnetic disk 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



30 magnetic |layer, a strong magnetic field is applied in perpendicular to
the 2 0 7 OCT 2005 magnetic recording |ayer. For obtaining a magnetic field
strong enough to facilitate recording and for preventing signal flios‘ﬁtrozogé on
fromcausing at the time of reproduction, it is necessary to orient t
magneti zation in the soft nmagnetic layer in parallel thereto, especially
toward the radial direction of 5 the magnetic di sk. The easy axis of

magneti zati on of the sof.t netj c er i s orient in paralle]l to the
Soft Cmgnet | BepagHs Tectfibe Tarery Thb bRl SoPSTRiae GBE TRYE et | ¢
di sk, by appiayilitgtearetBdmes hﬁdfféxebﬂav@ﬁtib% s?ﬁh@hdﬁtoﬂﬁﬁh@&ndﬂﬁkiﬁh@ dthe |
formation of the soft magnetic layer. 1 apanese Unexam ned Laid Open

Pat ent Appl i BEei Sreridreton s} 19 pgcepsaryi ot $ha rpaggiekizatige op dhpgollensi ty
attai ned by k Ny : I t - i iinc ey; uneven
| evel patter Ir?%glgér?ldtq’ﬁggrs Efggta %aggegqglra\ ?h%ggé%gfgﬁ\%l}él %Hr%e{agza:\isql? é;?t%oﬁgorfease by
t he enpl oynetite magndtivaligle 'Penatisyxas ofmgaedtizasibvn of thesdfodaghRetiodayeo usi ng

t he magnetic. di sk, 15 the ncaye regi ons and the conv reqgi ons ,of the
magnetic r eclﬁr%ﬁ“ﬂﬁe%éﬂ’/é’r""mg‘? etoné%é?figz“@ﬁg’? lcﬁ‘?ée%aeﬁBeﬂgﬁ%é? %‘ﬁ reghal

upwar d) by a@ipéitiondofotheeinglhed Hisk?%ﬁ%lﬁﬁ@%&ﬂzfgn&i@ﬁbl& R_ragr peddhcul ar to
the magnetic recording layer and, then, the convex regions are nmagnetized
in the opposhmethad;dustig the Toxyraatipmar de soft mpgnepicdayer-rel ati vel y weak
magnetic field in the opposite 20 direction. Problens to be solved by the
| nvention For inproving the resolutions at the tinme of recording and at the
time of 10 epr odubtpiaoesecor lspandned) t d.dile | OpewmvedPateadr didgplaensnty, it

LS, 20 eCoShEN B IE R Retpendiculor manel ¢ recorging peipod o
to be narrowaibihi@ths G¥RIEaIngt 888k ABhsiEs pReéAL LY fHRrundiRhA¥vdl Hatiten
sharpness Ofon the substrate and the recording line density increase by the employment
of the perpendicular 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 Inveﬁtion
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



t he perpendi cul ar magnetic field generated fromthe nmagnetic head at the
time of recording, it is effective to narrow the spaci ng between the pole
tip of 30 the magnetic head and the soft nagnetic |ayer not only0byocr 2005
narrowi ng the 3 07 OCT 2005 spaci ng between the nmagneti c head and the
magneti c recording nmedi umbut also by thinning the protection |ayer and
the magnetic recording |ayer as nuch as possible. Since the magnetic fl ux
generated fromthe magnetjc head . |oc Ii&es to the soft nmagnetic | ayer

al nost wi t hotRaCH heiWaeR ERgimraggetis headard ghy, magaeiic trepiding P Wiot to

invert the npagneli #akhiaB the JREEBRAAYS ah@IhOMagetichecdraneidyer gcor di ng
| ayer but to invert the nagnetization in the convex regions of the

magnet i ¢ r ecwudh ag pbesylele. Binee thheagaetiufloy ganeratadefropatheanseresicheaded on
the nonmagnej 'cz?lizfe%'&%tt% Fs%ft]aﬁl%gh?_tgc ?&e?hﬁ}n%s %1%1%%% p3RRY L&EnoRIRekig field
8 V' the R

applied is ac(fj us opti ma Vi €W 0 oredol ng, i's an obj ect
of the i nyvensbvisusly erpwiffeeult npertpeintectuklas m@mgreizhtion ei@otltH regndawdi um

whi ch obvi ates.the problens . descrjbed abqve. 15 Means for solving the
Probl ens AccBBifnigLtt eefﬂa%l%eﬁl?cf%%‘fd“% Xeﬁg)é‘ﬁttpdﬁ‘,’erttﬁg‘?em?%“eﬁ‘r%@m B a

per pendi cul aghonBGREE irEgibRE OF §hd IndBIkM Mt HA M IHBr ReNWRBIAREKeven _
substrate; a soft magnetic |ayer on the nonmagnetic substrate; a nmagnetic
recor di ng | algwel pabtere is fremedfon thegeniagnetiy enbstrate amddgheistrengdrefitieng | ayer
20 havi ng perpendi.cul ar.. tizations extending in perpendicular thereto
and i ndi catiaﬁ%’ﬁgtr%a%?egtlﬁaﬁeggjggp%?%’tseac ‘ilsg?lé P%@%Ira on t he magnetic recording
| ayer; apd the nonmagnetic substrate having an uneven |l evel pattern formed

t hereon, the uneven |evel pattern including concave portions to generate a
magnetic flux fof Yeveth ‘ih?ggéew%éf &% AP %i%ﬁgﬁ IpREP P provide a

perpendicular magnetic recording medium, which obviates the problems

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
recdrding 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



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 nonmagnetilk? OCT g5
substrate will be referred to as the "concave region of the soft magnetic
| ayer". 30 Advantageously, the depth of the concave portion and the

t hi ckness of 4 07 OCT 2005 the soft magnetic |layer are larger at |east than

the length and the depth of the concave portion, and.the easy axis, of
magnet i zat i othei W?&%gemﬁwsr AFRUTBAY B o LT aler#ﬁaﬁteb[ frd ﬁa@é@tﬁi sin_
per pendi cul aghet Qyrichfe PREGEn, SR %ﬁ@_é%\fs%éﬁ§ RehRENA LT inTR @bhdavE ecor di ng

medi um due to shape magnetic 5 anisotropy. Advantageously, the cross
sectional ar¥egiafofithe sefp measretigdaydrdiesah parpendinalamfodhe suajpnewriate afhe

per pendi cul ay, net i,c cording nmedi um bec ) rr . to % .he bottom
t her eof . loat,&‘gcgglfpéa&ggﬁ%ﬁy?n%%néa%ﬁ?g%fgf er 'ﬁ% msﬁlg%gﬁ tg\é\g}éa ee\g@ ce)élf:ti oni ng
signal oF aamb@nedy.i ndi cating the copyright data. The magnetic recordi ng
medi um according to the invention does not 15 utilize the nmagnetization in

the magnetic recording |layer but utilizes the magnetization in the concave

regions of the soifaBEGRALIC th@¥Rss sttffhal BSea H_P—Q{beécirﬁa{}@?gftﬂjnngloﬁgdi um
uses the uneven | evel pattérn on the nonmagnetic substrate for the

pr edet er m netheshgieaburfaeholddepenpentlicyas ntaganatin geoordingl meditmabecomeal

i ndi cating thﬁrc?v?@xytroiw%%tﬁl@%%tgé thg%o?t her 20 data. This specific feature
of the magne'tll C recording fediumaccording to the invention facilitates

using theo magnetic fluxes generated fromthe concave regions of the soft
magnetic | ayer as_the predeterm ned signals. Wen the concave portion of
thg nonmagngti c w:@%ogs agheapredeterm%ne(l signal isahea(fposqgor?ing skljgna

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
predeterjmined 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



predet erm ned shape, the magnetic flux generated fromthe concave regi on 25
of the soft magnetic |ayer can be used as the predeterm ned signal, since
the easy axis of magnetization in the concave regions of the so %?]tji C
| ayer lies in perpendicular to the soft magnetic | ayer due to the sha
magnetic anisotropy. 30 Since the magnetization in the region of the soft
magnetic | ayer 5 07 OCT 2005 outsi de the concave porti ons of the
nonmagnetic s bstr lies.i t atlrﬁ;le to ;71: gnet. |nc Iaﬁelrt

magneti c hea@" e ﬁc??“%i‘e?é’@% L ér{bot“l“bagr“le G SUbStEH RS I dgirantof the

sof t magnet i thel RYEhHaguiitsd e, BRe aRRGRYIE hpad Hb&isot deldietRé @ignetib |ﬂylxt he
magnetic flux fromthe concave region of the soft 5 magnetic |ayer

det ect abl e a¥o® Eliegﬁ%mn\‘ﬁ noe $oble TrAggIsEICi layey autsideothe Kencays eastians- egl on of

the soft magfflcfork a)éﬁfy 'tﬁe | ALGRdtid R hG rfﬁgrk%hba{:vef 'ré@ionféfomé Rergmagneti c

recording layer, the signals corresponding to the uneven |evel pattern are
det ect ed Hot mlaganhrelas’Batl@detfect"@@meslazalgn@h Since the magnetm fluxrfegortbeng | ayer

but by the state of on in.the soft megnetic 10T

maaneti o 1 ecBPURY SR A ol ARsaymeets TERE TeoBR B, MG SpBS 2T uct ur e
as descri bedfrallao&@ Bx¢NdRict ®cdrdi Qe 14¥RE, the, sighd1€ CortrBéporEipetd Rt hiveni N t he
concave region of the soft magnetic |layer and the magnetization in the

entire magnelevel R%&%Pd’irﬁg{eteéif@r nofy by bhrq dateedf magpRitzgd aﬂel}haﬂnwe@ﬁe 15
mej or surf acleec&fdlﬂé‘&ygﬁgﬂ%gz Ehd &9?& 6’%:99% KR a0 G PR E St E’) and
oft magnetic aye out 5|

t he magneti zation in"the region o de the
concave pbrtions of the nonmagnetic substrate is oriented in parallel to

the soft nmagnet | ayer (gal ong the asy axi E net i on. y by
applying o moniin BaFRe ARk SRR A a o BRas At hP R e g
medi um (upwagtdutQreOss deswmbad dhoad dx Bbitcaame Iﬂgrlt§1%1ﬂéag:lh6tm§gﬁdtﬁlaﬁoh0
magnetically wite the
in the concave region of 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 1s a schematic drawing describing the concave portion in the
nonmagﬁetic substrate of a magnetic recording medium according to a

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



signals corresponding to the uneven | evel pattern on the magnetic recording
medi um Brief Description of the Drawing Fig. 1 is a schenmatic cross
sectional view of a perpendicular nmagnetic 25 recording rrediumag,godiéj]ir}&15
to a first enbodi nent of the invention. Fig. 2 is a schematic draw ng
descri bing the dinensions of the concave portion in the nonmagnetic
substrate of Fig. 1. Fig. 3 is a schematic drawi ng describing the concave

portion in tge nonmagneti c su s}#;ate of a rreagnetic recordi ng medi um
accor di ng t 0P & tQWBEH FRRPREEUR th4T8O% nvention, the cross secti onal

area thereof 6 OfOW i200%:REBANESIAMALRECHIANAT thet BRsDLQH tdrefrof . Fi g.
4 is a schematic draw ng describing the cross section of the nagnetic

recordi ng nediagreiae ceroading mediune af¢ordingelvbidei ftshemiodimentatliustratinge
tizatiop di . i B ; t ‘ | ter the 5
B T L el o

magnetic fie entire surtface o
magnet i ¢ 5r eamgdeng fiskldipphiedsn pemmndisuland theentirasgefacd of the rsagyeaic

reproduced b t he magnpeti ¢ head scanni he surface of the tic
recor di ng rreg‘?cﬂ. ERYHBR ST WE ea?gﬁﬂgﬁéaqﬁeo 'é‘ﬁ_r%}aﬁ%le%?%‘tﬁ%g@%& gnal
obt ai ned frophe MABNERINGLA ahBER e RArABALUNe 3k MichEcdridgdBe SiRaONd _
enbodi nent, which 10 includes concave portions, the bottomarea thereof is

narrowed. Fig. 5B& $Assvaweve derm of theeenrednasd midpuibsigpat okfiaiedl fremt ai ned
from the magnet.i cor.di i t.di to ' : odi.qent,
whi ch incl ug‘gasﬁlg g%%:tgcvgecg{odr}gg geﬁlgﬁhaggﬁgf {nlgteilreesa&%}ﬁde%‘lé%g&frgerﬁg’o Mr?1;§r rowed.
15 Modes 16 or irchrdey icogca®t tpotthend, tivebdttan aNewtHeleofiivieniomed. wi | | be descri bed
in detail hereinafter with reference to the acconpanied draw ng figures
which illustrat eFltgh%BpirseeIc Waks ?orm of the reproduced output signal obtained from

the magnetic recording medium according to the first embodiment, which

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



enbodi nents of the invention. 20 Fig. 1 is a schematic cross sectional view
of a perpendicular magnetic recording nmedi umaccording to a first

enbodi ment of the invention. Referring nowto Fig. 1, the perpen8i’lcOCarpgs
magneti c recordi ng medi um according to the invention includes a nonmagnetic
substrate 1 including concave portions 11 forned in advance and worki ng as
head positioning 25 signals or as the signals indicating the copyright

data and such daif, T RRERENARSULAr 1 TRENE! L, heserdlpgaImALYmACROT di ng

to the invention "Inc magne
nonmagneti c slhtbsltghalsanﬂhca&ng nohg ra:epyﬁghte@z&mhm sﬁﬁyéﬂtaﬁoﬁﬁed e agodiiceragneti c

| ayer 2, and. a prqtection |ayer. 4 on the gnetic recaording |ay 3. 30 7
0 7 OCT 2005ifrARe HIAhA ﬁé‘t‘l“&e"§8bl§i’erlal?3ét%nc§?'€i"é’é“’?‘lﬁté‘"f?gé’gu'ﬁ‘b%‘ﬂ‘ﬁ ﬁ[ﬂy
signal s or g@&tﬁdt@f}ﬁb&dbadw&ﬁtmw pm?ngcgpxhb%hv&ﬁaﬁla@n@uﬁyﬁbd%@ for med
in advance in the formof an uneven |evel pattern. The conventi onal

al umi num &l | sybsteatpsateaneedrion ithecnannagntie pibstiatg br Thheunsyan elavélonal
et nforced o} ases AL BLSEL RS L ORI e ARTEARS G, SupBhle 1 The

uneven | evel P e T8 ni que ‘and such
a techni que. Whﬂinela glgkasmtemalelor ah p’ibstﬁc Pleaisit isach essd tpolwafboaste and

pol ycar bonat e a d. polyolefin | is preferab fro t he view

poi nt of nasB° YBIPQB Elu? i 18 p’fe 1 ﬁgﬁuff&& EheeV‘FWep%Bhﬂ}a@ﬁ%? P ﬁ'B%’ttY ate | by
the injectiop, mhqfaaalﬂéseh@qm%&g%e% %uta@cyaﬂagl Hﬂ%hél NGY&THr ﬁ»ﬁﬁim@%ﬁ@r n
formed therein in advance. Fig. is a schematic drawi ng for describing the

di mensi oA8 of dumbawe@mb@veemhevdmaimrnrﬁortnfrﬁei hereingnedivanceubstrate 1. The

width W the length L and the depth D of the concave portion 11 in 15 the

nonmagneti c substrate 1 are defined as described in Fig. 2. According to
Fig. 2 is a schematic drawing for describing the dimensions of the

concave 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. 8, 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.



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 nonnmagnetic substrate 1 and shown in Figs. 1 and 29730@T3ME
the region on the nonmagnetic substrate 1, which is not concave. For
orienting the easy axis of nmagnetization in the concave regions of the soft
magnetic layer in perpendicular to the soft magnetic layer, it is
necessary, as descrihed Jater, to formthe concave port ons of the
nonmagneti ¢ subMpperals sxhiRiting e relaéivabhmasreishiehareapeailiey serheea with

each other ajipd 688, P¥e508 :Il‘ny' 244 g &11’837 éo%kﬁh&r%”é’éba?txﬁﬁcﬁs(?s' 20%mai¥<D and

L<D. 25 When the cross sectional area of concaveefportl on 11 parallel to
t he nonnagnetmmpr@ubgtre altsed tf@cdmasofhanaglwélc lapowa R d Préferabdy,t magretisof as
shown in Fig axi §0 neti.zation.in the2 coneave regal ion of

the soft ma ehlét1S aplphe uznn% SPPBRCRY Sl BagPPUe XA Y P i Ps e BRI cul ar to

the soft 5 30wmrt&idrﬁs H&Xy@isyZamB Oﬂﬁla%&:lz&%l dtegherdodtl magndtidlalyeng ia
relatively magnetjc high pernmeabi]ity such as a N Fe_alloy, a FeSi Al alloy

and an al oyp%r@H?bFonqhﬁgsoétdﬂég?et(@?}’e%@ $PECIARY An tb%ﬁ%ﬁleﬂ’tre%%l for the
soft magnet | ﬁlakﬁé’t% didk. e §B§Je§£’alx§vto%x{?ﬁ%édf@ma%h@ﬂ@ldyér aRRkh eehiduei ng

formng the soft nagnetic |ayer e direction orients the easy
axi s of nagndrtid:lzmsds dnthefreafhie @Mmdmghdﬂnecwwalye\ﬁ/ 2nd hhe [balahl kloftthet he soft
magnetic |ayer in the radi netic disk.

It is necessary Yop?‘gﬂoﬁist h&y % B ARYFHL: ?L@’Sfrﬁy‘!egg%agﬂgﬁ tbﬁg@ayﬂgg YWRi ckness

d thereofgi sreum@iae@xwetsﬁohhww%la want shecbeagt brishefdeptieD sfvheave
portions of the nonmagnetic substrate at |east by the following two 10

rel ati onal esopragspationy\tecbel langdr than the thicknesnd of thasgft frmagnetie lakept h D of
t he concavezportl ons to be larger than the thickness d of the soft
magneti c | ayer

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, lies 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 1u m or longer. It is difficult to form the concave portions deeper
than the recording length described above and 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
is modulated with a higher frequency signal and demodulated after the
reproduction by the magnetic head.

30



2. The easy axis of magnetization of the soft nagnetic |ayer 2, forned as
15 descri bed above on the nonmagnetic substrate 1 having the concave
portions 11, lies in parallel to the soft magnetic |ayer 2 outsideytire 05
concave regions. In contrast, the easy axis of magnetization of the so?q
magnetic layer 2 lies in perpendicular to the soft magnetic |ayer 2 inside
the concave regions thereof due to the effect of shape nagnetic

ani sotropy. 20 I%higznece sary. to record the sigpal hpdicatingst{qyposition
i's

data of the magne i € hea O%ahldp%ré)ga R A B R B o RAT S §F or the

recordi ng | afigy fil@findluding ®IColCorigerand 4 CoSrPt fifrh can tmosphcarsmliogdilaoncave
portions deeper . than the recording |ength described Ebove ang to . formthe
’Héi( A

soft magnet i COBBINEE & raafi QArER efementi el & deanadfiony medabiandiar @lepddmbove.

However, the ¢ RQINGt €6 1559 HaNBd TEH ANy PCla48iBintiRG t&OBRAMRLAGT hicONS
having the dinmensions as described above can be used, when the above
descri bed5si gued for sherouiagnetedresprding layerhsr The elfhickneys of ghal magoetic

denodul ated aftes. roduct.i gn by it he i.c_hea 2005
The convent | Srgrinky Buaheh it 2P daiemab i s PRfhbhaBittr 48 Redled o)
filmincludi ngeoadifg@edinhma@nediag € Chélinvention. Bhe ampmnehio uscatingylayéd m
containing a_rear earth el enent. a%q a transition ne%g{,ﬁ?nd apn alloy film
formed of CoJlia ks odHa tpd0 agpdpdhikness fosgrnesateFigprgdus 31%?%%&%1 , are 5

used for theefe@gggle?ahe h&aer Ghdr | A% Sdhadpnddaeoft e kRSRtIRT fdIRCHHRONRL | C

recording |ay is not influential to the performance of the magnetic
r ecor di ndOrrediagmetic deradi f nesesshey,i aveortmagnetithimtemggrbiatec layec omdy g | ayer

37 from5 omto50.0m s Heeknessd fy9eRoLakR. LRLaRNSE, AL gl 5 st ong

3 to control the structure of the magnetic recording layer 3.

The conventional protection layer such as a layer containing carbon as
15 its main component and from 2 to 10 u 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 is a schematic drawing describing the cross section of the

20 magnetic recording medium illustrating the magnetization directions in the
respfective 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

10



enough and no to inpair the sharpness of the magnetic field fromthe 10
magneti c head. If necessary, a nonmagnetic internediate | ayer may be
inserted, between the soft nmagnetic layer 2 and the magnetic recog dig@r s
| ayer 3 to control the structure of the magnetic recording |ayer 3. The
conventional protection |layer such as a | ayer containing carbon as 15 its
mai n conponent and from2 to 10,u min thickness is used for the protection
| ayer 4. |If necessary, .a liguid |ubricant |ayer be formed o t he

by otecti on | SemaEHe IReoel b e s En b SNatal e CORAYE PPER I Niar
Fig. 4 is a sghamhbeic WM NPoidesaskRivasd, tihat ¢ QRpgSBetdiRRtLieh, tHieeto20
magnetic recording mediumillustrating the magnetization directions in the
respective cBresmpgrasintiigldyepppldd, sincelibe gagnexis of magngtisaiptn vgiderthe

per pendi cul af_ t . . h i . ioNG: hum

(i ndi cat ed b@o“tcﬁ‘éé gefgr“%gvh%%?‘h??’?ﬁge?’gg"\k%}a{r"d?‘e@g?ga gee%&ag{?g % %é&%ﬁﬂgr%ge of

t he signaé reprodiweédignal tonepuagneiges chrashondagnionthet dneasgarhadeofothet he 25
magnetic recording nedium, Referring nowto Fig. 4, the etization in
the magnet i cCHPERYT EREIRYS 414 e POYFONTAYS T§8iRma T2 " FRBS HERIHIt TS £PP G Cout si de
the concave fReiR3mndl theldd® co@falve FBLBRIHA beakBized fb 8% NdAdRRkAIIEdathO t he
soft magnetic layer 2, that is 30 parallel to the easy axis of

magnet i zat i oandsMa &dat he concave regi ons of the 10 07 OCT 2005 soft
magnetic |ayer 2. The magnetization inside the concave region of the soft
magnetic |ayer 2 points dowward, that is along the direction, thereto the
magnet i ci1d i eEchbodirapydsi ed, since the easy axis of magnetization inside the
concave region lies in perpendicular to the soft magnetic |ayer 2. Since
the 5 reproduced signal output changes corresponding to the arrangenent of
the concave regieRghanthdadRnnPlll KOAERYB el 88tRaftd e dnhaftgswith ok the

concave regions and the not concave region can be utilized for the head
posi ti on datereferred 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 in 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
CogsZriNbyo 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 Co70CrzoPt10
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



and such data. 10 Enbodi nents Now the invention will be described
hereinafter in connection with the preferred enbodi nents thereof. 15 First
enbodi ment A pol ycarbonate substrate, 3.5 in. in dianeter and for fgdoby 2005
injection nolding, is used for the nonmagnetic substrate 1. Concave
portions, the wdth and the |length thereof are 100 nm and the depth
thereof is varied from50 to 200 nm are fornmed concentrically in the

pol ycar bonat rat 0.1n a .. Ihe concave portions on the sane
circle are sggﬁggﬁgﬁgf’?ﬂ%&rﬁ%ﬁgghsm ﬁFlg%egach ot her. The nonnmagneti c
substrate 1 is loaded in a sputtering apparatus, and a CoZrNo all oy soft

magnetic layer 2 js forned_.on the nonmagpetic substrate 1 by the nagnetron
DC sputtering maTh%dluﬁ F%gféﬁec%%@%ﬁﬂ%r ugs cffpnf‘ati‘@e{n.ag’?ﬁtéc resift’®ng sof t
magneti ¢ | aygfedfurh faBficdtBl Gls @sschiBed MBodERE RvAluatdie i1t QRE FYBWRLI KNS I N the
nonmagneti c substrate 1. Subsequently, a Ti internediate |ayer of 10 nmin
t hi ckness? aSesrbCarOpe¢asdedragrietspin rséend desigr lcaydre dfacko immvhightthieckness
and a carbon_protect | I farnmed ong~b . b P i
Final 1y, a pateruerosais seRefimlh By frifie B HrebBi e BRI, C\ness
i s fornmed onpérfpendiatlaeno3thepmajecéurdatel ¢fydie. mEliicn feoniagneigneticdaaddi ng
medi um accor di gdg,to the fi rft 11 7_(5T égOS enbodi meait of the invention is
fabricated. THETHDRAIYHIBE ctomRendiq iitede pelsriyne ABM ateafine it rhgRer|
recording npdihyumiAaRELeatE0AICUER g;ld%.e@h%ﬁpfd}?e beof¥d sighsd Ard 18
following way. 5 Signals are recorded in a spin stand tester on the track,
i N whi ch1@ heoutcominss ethpomdgmetic ahead oderetibedyatypl yilg quabtiesaghethiec fiel d
(rjrg\émn\évtalrg Lgaxc‘f!%%gcpu%ggls(i:éﬂa% atrg 11ts|9eed %Ji%%les'llrvtz&ﬁechgfdetplgﬁ [ST%?ItH{an c]:)rrl((:)arxrr]ea

portions as a parameter.

Table 1
Depths D (nm) | Reproduced signal amplitudes * | Signal qualities
50 0.1 X
80 0.2 X |
100 1 @)
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



including a witing elenent of single pole type and a readi ng out el enent
of giant nmagnetoresi stance (GVWR) type. Then, the recorded signals are read

10 out 'using the magnetic head described above. The qualities of fhe,r

reproduced signals are listed in Table 1 with the depth D of the con?ac\yem5

portions as a paraneter. Table 1 Depths D (nm Reproduced si gnal
anpl i tudesSi gnal qualities 500.1X 800.2X 10010 1501. 200 2001. 300 15 The
synbol * in Table 1 indicates that the rati os between the reproduced

si gnal anpl i PORYBASEIC FHBStYRISE Al aDMAZRRHC t 158 B SFYRAINES Bl i t ude

for the dept B DL@tmbBindAtrehe IS fion20 As Table 1 clearly indicates,
signals with excellent quality are reproduced when the depth D of the

concave portionsThe magngtic reerrdinghmediindtdecending tretheesagond edodohient25

Second enbodi Et. Fi g'i{ﬁ%—\“ies a schematt'hc dr awi .ngrede cri%lieglglthe coneave

portion in tHhe 124" 2605 Wehmeghe (T S rar e s e A MR T s

recor di ngs meth tihe #esoeibbdinientaexcept @hel shapo dif thatcontaviehgortiovenni thie. The
magneti ¢ recordi ng nmedi um according to .the second enbodi nent is _fabricated
in the sanme RepmagnatifeSUPsHiTES iLc/P BBV BilR] Hedi MCaREE dioRgon according

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. BA 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
from the medium including the concave portions, the bottom area thereof is

not narrlowed. 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

13



5 to the first enbodi nent except the shape of the concave portions in the
nonnmagneti ¢ substrate 1. As shown in Fig. 3, the concave portion according
to the second enmbodinent is a truncated pyramid inverted. |In othér7 @or

the cross sectional area of the concave portion according to the second
enbodi ment parallel to the nonmagnetic substrate 1 becones narrower 10
toward the bottomthereof. In detail, the depth D of the concave portion is

150 nm The mﬁdHQ:¥¥andfhpe(ken%th é %% t he concave portion are 100 nm
The bot t om ofPTHE HERE Y E I SR P4 B8 im in width and in | ength. The
magnetic recordi ng nedi um according to the second enbodi nent is eval uated
in the sanme way as the magnetic recording nmediumaccording 15 to the first

enbodi ment. Fi,g. BA is a.wave form.of. the reproduced output signal obtained
fromthe nagﬁgg?%“¥%%%ﬁdﬁﬁgcﬁ%dﬁé heSPBIHAB to the second enbodi ment,

whi ch includes casdayeiteardionBsthd hrghlit 98oadiag médiaheatcordingator theed. Fi g.
5B is a wave form of the reproduced output signal obtained fromthe

nmagneti ¢ ? ecBIVEnHON AR/H Reth Welisr tefgagretizationiin ke D gaptio B8 WEHNE 1a¥arch

i ncl udes congave,: t ans, t I i . As
Figs. 5A andg%ﬁflﬁgéscg}%eﬁlatghgﬁaﬁg I ?{/ﬂt %% g@ﬁtedbgﬁfg Ertlé éf %%FOﬁﬁ{éé)%ﬁced from
t he nedi um i lykydvin thiremagnety eeqodingansdiutrh esdsotteomnendeed pdtereof is
narrowed, is higher than that, of the gutput, signal, reproduced fromthe

o o el vt HEE B RaRts Blsatatt g T4 R tpBr i, HERAD AR = 8 o
narrowed. Thyssitiékigg %ﬁ%}fﬂﬂaddnatéﬂ&aﬂhiﬁﬁﬁ:aﬁhgtdh@ GPPEANE dRAN bt @Re bbherer y
effective to_ i nprove the performance of the magnetic recordi ng nmedi um

This ef f &kt dataaflihig pracifl eatwret ofether magnetiq seording Heedinghaedor&NBdA in t he

PO 0o S BRI 16 RN AL BOLAALE PR Vel
concave regions as the signals. 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



Advant ageous Effects of the Invention As descri bed above, the magnetic
recordi ng nedi um according to the 5 invention does not utilize the

magneti zation in the magnetic recording |ayer but utilizes theU7 ocT
magneti zation in the concave regions of the soft magnetic |[ayer, mﬁeﬁw%he
magneti c recordi ng nmedi um uses the uneven | evel pattern on the nonmagnetic
substrate for the predeterm ned signal such as a head positioning signal
and a signal ;jindicat i i .he r Thi s

apec f1 o 1 oall Srgebf detlEn SRPARAR 4R Briteetclf aBE M85 i dnfifhfened

i nventi on f athd i teadreled datangret faeilitagidet i ¢ f| uxes generated fromthe concave
regions as the signals. Wien the concave portion of the nonnmagnetic
substrate has a predeterm ned shape, the magnetic flux generated fromthe
concave region CpiRe RRgHERE radrding MédNA acchh¥ife ttdetRbhtiod havh@nthkhe depth
of the concave portion of the nonmagnetic substrate and the thickness of
the soft Pragsieusterd ay descaibed|ahoye exhibits| lapge meribgy sindscthe gpagnetigabiont he

W dth of th.emcﬁ{écéo‘ﬁ%‘%\%ofe '08‘[1’.’ oftﬁﬁ J@tgﬂﬁgh&ig la%ﬁingecﬂs "Bh&thlL00hERe
concave regi ons can be used as the signals, srnce the easy axis of

magnet i zat i othel entlitee magney eecordimgnayeheairs afriented) ietpeepéadierlat iteshen 20

per pendi cular to the so magnetic | ayer due to,the sha magneti c

ani sot ropy. BHFRIHFEG A ﬁPHEg%?%§%“§%%¥?%H5§“5?é%P%?“QWgﬁﬁﬂﬁgﬁgéaBértion
parallel to {he 8ef hapRanakion %rre%fb\ﬁ%ﬁh& RertRRLd Mt 1BpECAltsideNBe Shape
magnetic ani sotropy i s enhanced. 25 The magnetic recording nmedi um fornmed as

descri bedd abeneatetidionsatsesriented| inzpangllal o ghesoft ovagrkiticglayendthay idue to a
hi gher track_,densi. t talned by .the inmprovepent of. the cur . of the
nead post 1 oRong o e fagh¥ b Mo (e SRk Ric R A5 e

obt ai ned by £mbgnstiegfitldeirp eepsyidiailaarto tivaomeajorCsurémer off tige meidmecic By not
only enpl oying the uneven ) evel pattern 30.for Lhe head positioning signal
but” al so by TEXSHRE RPHwE Gwmerdan doenwardsandyby removing the magnetic

field to magnetically write the signals corresponding to the uneven level

15 pattern on the magnetic recording medium.

20

25
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07 OCT 2005 the copyright data in the medium the protection and the
managenent of the recorded data are facilitated. The nagnetic recording
medi um according to the invention having the 5 structure as descuibedr 9
above exhibits large nerits, since the magnetization in the concave regigﬁg
of the soft magnetic |ayer and the magnetization in the entire magnetic
recording |layer are oriented in perpendicular to the nmjor surface of the
magneti c recordi ng medi um (upward or downward) and since the magneti zation
in the region of the soft magnetic | ayer outside the 10 concave regions is
oriented in parallel to the soft magnetic layer (that is along the easy
axi s of nﬁﬂﬁ chgnedds of the soft magnetic |ayer) by applying a nagnetic
field in perpendicular to the najor surface of the magnetic recording
medi um (upward or downward) and by renoving the nmagnetic field to

, magnet i cdl | y fvperpenditidarghagneticsregondingsipdinoti ogaptisinghe uneven | evel 15
patterg on the magnetic recording nedium 20 25 15 07 OCT 2005 What is
clainmed is: 1. A perpendicular magnetic recordi ng nmedi um conprising: a
nonmagnet i ¢ sudbsdmagacticaubgifate; magneti ¢ | ayer on the nonmagnetic substrate;
10 a magnetic recording | ayer above the soft magnetic |ayer, the magnetic
recording |ayer conprising perpendi cul ar nagneti zati ons that extend

per pendi cul ar 4 efemife¢ lay&ohfRo®nihgitkid Beoshtel he magnetic recording | ayer
and representing data signals; and a protection |layer on the magnetic

recording |ayer, 15
10 a magnetic recording layer 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



wherein the nonmagnetic substrate has pits having predeterm ned | ength,
width, and depth, the pits form ng an uneven | evel pattern thereon,
wherein the soft nagnetic |ayer extends into the pits, and the d@aptdtTO?pOS
each of 20 the pits is larger than the respective width and the | engt
thereof to configure the easy axis of magnetization of the soft magnetic

| ayer in the region of the pits to |ie perpendicular to the major surface
of the substrate due to shape nagnetic anisotropy; and 25 wherein the soft
magnetic layer in the pits generates a magnetic flux for generating a
predeterm ned signal. 2. The perpendi cul ar magnetic recordi ng nedi um
according to claiml1l, wherein the cross sectional area of each. of the
pits alongsthe j ; [ g . i i ng
Tedt um bocsmos Nat Ediel 8 Bl 1S hp SR ilreint T GABEY GhgaRIR T
per pendi cupredetermnedtsignal earopribes @ hemtipasitioningosigliahg to claim 1, wherein the
predeter m ned signal conprises a head positioning signal. 5 4. The

per pendi cul ar magnetic recordi ng nmedi um according to claim2, wherein the
predet er m fed sTigpetpeadioRirbaaeti B&Rding afelliunOdttdtding tdlgim 2, Wherbliahe

per pendi cul ar magnetj c recordi ng nmedi um according to claim 1, wherein the
10 predet € rﬁﬁqﬁ%@l@ﬂﬁﬁ%ﬂ%@mégﬁd&%i“@ﬂlﬁg sighdli cating copyright data. 6.
The perpendi cul ar magnetic recordi ng nedi um according to claim2, wherein
the predeterm ned signal conprises a signal indicating copyright data. 15
7. The perdendiBrsl parpardighler magnasic geetirdins meadiumnaerocding fongfaind 1¢ Whgrginithe

wher el fl €afciGhnild)SighhlcomPis A"l Hdicifnd cpidhelh aPEZOi dal profile. 20

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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