; e3et Q4<6RTLT4~i. j 7 ,~ .. PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM Fi el d
of the Invention The present invention relates to a perpendi cul ar nmagnetic
- recordi ny 5 medi um nount abl e on various kinds of mag i such as

an external storage of a conputer. Prior Art The conqmm@mmmmneti o

recordi ng nedia such as the magnetic di sks, 10 which rec epr oduce
digital data through a magnetic head, are initialized oné®®¥*one in a servo
witer. For exanple, the servo witer wites positioning signals on a
magnetic disk throv@xmmg@mmwm RICHRBING MIDRGVO Writer. The
magnetic disk is initralized to inprove the servo tracking performance of
the magnetic head. 15 Very precise tracking facilitates accurately
recording a digital data signal on a predeterm ned track and reproduci ng
the digital [ the predeterm ned track even when the track
density of tﬁgél%)gkg{'?%v d{tg{? used in a magnetic disk drive is high.

Theref ore, the v&hy presoit Sev@ttidr aclkiasgtel agierpdrati@dar mpagnetiogretdrdingcor di ng
capacity of th .magnetigbqi sk. The ogit' onjn Sxiberg#{]gala are recorded on a
magneti c di sRBHA EOEMHP'S R 0" A o Bﬁ/ P GHHTARS SEFPo@Petthod. In
t he magnet i Cegliefifal\WodraBe 6MRIOMPutdie sector servo nethod) 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 segiang: |n the magnetic di sk which enpl oys the enbedding servo
met hod, positioning servo signals are witten in advance in the deep |ayer
of the magnetic Thé norardtidabbmaggetad secordihg eneslia §adhead theanagfieticddiskggnet i ¢
film Japanese Unexajm ned .Lai d,. n . Pat ent plicatiaon

H03( 190110 22BBId dreoRt rsmf?&aﬁeeﬂlgl@ i 4Rt FRTuERng BaRRTHmgRadi ere
substrate hawlifiglizddl SHEMLONd BY 8lse RAW ALY, B niRONGLd erl @WRTte PAYItEY S
concave 'regions and convex regions copying the uneven |evel pattern of the
nonnagnet i c BOBEPRIALe signplfraghetd zmaenetle hglshi theought ai magnetdhshedthi s
magnetic dis I1C; el L.zal i i LS .ern f . j ng out
t he signals &Cogg)rr&n%gqgtﬁf %g‘f)br‘té?f% g(r?ll@or*@%/xﬁ%&u&r}\%/gﬁ*@%lé edgt%tl rqﬁ{l’&ng
facilitates timpsarve gpcking gerforinateasf the. meguetjzaiealdl el nmagneti zati on of the
10 magnetic di sk descri bed above, the concave regions and the convex

regi ons dP the soft magnetic | ayer are magnetized accurately in the
respective predevyefyriph@aseditFREIrg0 Ricilith téd Rbtr @1y ReReling hi @kHal idatd he
opposite directions usi ng a magneti c head having a w de igap and a magnetic
head havi ng &ignal vaw: gapdeterainetotrack tands repratiecing the sligital drta aigasl easy

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

26  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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15 manufacture thereof and inprovenent of the positioning accuracy.
Protection and managenent 'of the recorded data are facilitated by recording
- the'copytight data in the nmediumin advance as well as by using the uneven
| evel pattern for the head positioning signals. 20 The perpendi cul ar
magnetic recordi ng nethod, which facilitates increasing the |line recording
density) has been enployed to realize high recording density on the
magneti ¢ di sk. The perpendi cul ar nmagnetic recordi ng nmethod records data by
magneti zi ng the magnetic recording |ayer in perpendicular thereto. The

magnetic di sk fof,hetRendiGHLaimiTeaNe! 1.£id26 0pedr di PgtddicC! UQ?EIi@at%&{ t
magnetic |ayer with high nmagnetic perneability formed bel ow the magnetic

recordi ng | all6B(1881} 8282 ¥ alisndepeet & c maigoktc gdinkr inclutling om npemaanetst i c head
at the time of, recording may be applied fectively in perpendicular to the
mmgnet i ¢ recartarine At T wRE AR Il prlle Bt ot B LRSRY SRR
magneti ¢ heaebrcaealdgiats and thtvexOlekiond copgingtthe Un2yer level phtteng ofréignet i c
field is applied in perpendicular to the LoV.oa ., mag(geti,c reﬁ,%r_di ng

| ayer. For oBPMPABRIRGICaSHeRiRatei and mpgnaiizednty dhe iHeredt fdizgationst dhiscor di ng
and for prevepbhpde 8isk8h WhithQf hia@Refiz A AH2EASN Phtteh? & PRdRg out,
reproduction, I't 1's necessary to orient the magnetization in the soft
magnet i ¢ | aythe isigngde as | fermeteatetly pregisionabf yhe owmevent lszelr aditarnider ecti on
of 5 the maggetlitcte%i lsnrlf.ro'\l;he Fﬁsﬁr %ﬁi & oft rrﬁgneti Z éli on Oétita%o SQ F magneti c
| ayer is ori At e S npRPal 8 1 5 A e Aot Y ﬁrP@tr? I%’ygp, %spélc?a }f‘fi/ to the
radi al diioectiaghetdt diskedewagibed iaboel, ke cbycappleyiong andnihgrnhivex kégdbs or by
such a nethod_ duri n% the formation of the soft nmagnetic |ayer. 10 Japanese
Unexani ned L& dheyseh prasastic lsyer @aei waengiredoacratetn 19 iessepeedver hi gher

recording depaidelerflihél 'EidefionSOBY! BbRGidd midHRRORM! ERCKLIERBLLYe

i ncrease by the uneven | evel pattern on the substrate and the recording

| i ne densi t ydiractianssesing at magoeipt bpatmavofg avadpagapeard] euhagnetinghedd zat i on
met hod. Priof _t.o using.the magngtic .di sk,.15 the congave,regi ons and the
convex regi ohg‘”&? ?hé’%ﬁﬁ)%eﬁpg ﬁ‘égﬁf%ﬁengﬁ}ﬁl%y@?g%?téc rfﬁ%ﬁe%c'j’gap%sn e same
di recti ons ( enthnufyrsared) theyedpRindi NMehproveth@it Vol het posigioAR@nNeddctrddyel d in
per pendi cul ar. to the ghetic recording layer. and) then, the convex regions
are magnet | zgaotﬁﬁl%%nr%ﬁm%em Pleldiei 5 ePrRG Al s) faphitalspIbyi negoraling
relativel y weakediapat et inolid hodbaeiPRRATEL 8s SRICHS BCLLAR hELARBES to be

sol ved by the Invention For inproving the resolutions at the tinme of
recordi ng antbvalpaﬂﬁ@rmﬁonéh@he;@m@ﬂwm@igr@bﬁwespondi ng to the inproved
recording density, it is 25 necessary even for the perpendicul ar magnetic
recording nethod to set the spacing between the nmagnetic head and the

magnet i c 2o0ecor di The npelitperdicaldre magnariveretdidings evethal, twhishndaciktpesi al |y
for inproving the shaypness of the perpendicular magnetic fie|.d generated
fromthe nagHEF?%“%élE]ggfnet REOTTRE ‘g‘?“sfté!cg‘r"ﬂﬂ??@}‘ ‘?‘Pglioge fip é’@?il %ﬂé}‘ narr ow
the spacing belwhgp HBRsiBP!dh iR agd@tikhgisHRIMR | erpaaficaas hﬁgnéﬁét

magnetic | ayer not onl%éby narrow ng the 3  spacing between the magnetic
head and t he reragdiagineethed geehrde datedby magnetigingdhbymagrietisiracprding lawet ect i on
| ayer and th i: i.ng yer . R ossi.hbl e Since the
magnet Lo 11 v QRUBPGAF TBERRIThEN R AiTUER: 7E BRBShECRlor heRel
magnet i ¢ 2bay escoadingsinchude s ausofb enagnesict laperaivéth high magheidd pepmshlyiliver y
difficult not, to irgv rt hhe magnetization iln t he cpncaye regi ons oié/the
magnetic rec Py Flg)‘?'ert putagl etigyrerardinge layegneq ithat itha mashetic dvid ex
regions of tRendragieirbm fIRCAREhEE: hay®ht ENE RN ENrRBrdAE LY beuphlidat tern
is formed on the nonmagnetic substrate and the strength of 'the

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 applied magnetic field applied is adjusted optimally. 10 In view of the
foregoing, it is an object of the invention to provide a perpendicul ar

- magrietic'recordi ng medi um which obviates the probl ens described above. 15

Means for solving the Problens According to an aspect of the invention,
there is provided a perpendi cul ar magnetic recordi ng nedi umincluding: a
nonmagneti c substrate a soft magnetic | ayer on the nonnagnetic substrate a
magneti ¢ recording Iay%ﬁ ahove khe of t . magnetic | ayer, the magnetic
recording | ap@BNSitr Lo @ggé}"‘ﬁe &ff@i’w%}m%aﬁwrféﬁ ¢ld SRangnemhgh; i
per pendi cul af, fRglLlR0Rt: hAHIGRbIVInfAL RigHal AR SrtHPHOMESIIsHE h@MRY on the
magneti c recordi ng |ayer and the nonnagnhetl c substrate having an uneven
| evel patt ertameafmepraductiennit is mecasgnanety duend| thoanagnetizaonudi thg soéincave
portions to generate a nmagnet, | ux for detectin redef erm ned si gnal
based on 26 PRENGRyREr IR ohdfhpibto, EprBRnE oy AR Bl FEAEL S ofer T

t he concaye fermbgmetafdithelhoeasonas bf maghstizaaion. ofHhe abftahi@ietictlagerr egi on

of the soft nagnetic |ayer ig thﬁ copcave por}ion of thﬁ nongggne,ic

substrate wils| ongnte@inrRarglieltoshe seft-magnelirelaveyi ipesrlly nie faﬂf»ﬁ'gneti c

layer”. 30 AgvailAd6OUR! thaghBBc B8 hyChpSIPfeCONRANR tROALINOS BPduthS:

t hi ckness of 4 L ~ the soft magnetic Yayer are Targer at |east than the

| engt h and t methtsptyring thehformetionwé throsofi magnetndlayhy easy axis of

magneti zation in the concave region of the soft magnetic layer lies in

per pendi cular to the major surface of the perpendi cul ar magnetic recording

medi um dug to shirmneegnetisemnsinedot rhad. Adpant agPatity, Abplicitass

sect i onal areaﬁ&%ﬁthe conc§¥e portion, along the najor surface of the

per pendi cul aH0 BF £28718c otiarlpspesieti hishee c BRrREding denEHY t BWaINedt Y bot t om

thereof. 10 AdyRniaoaRUSkyoihd eratkelatRY ThaedseSh PR uhsvéh ReadpPRsid | oni ng
signal or a signal 1ndicati g%pt he copyright data. The rraﬁgnetl c recording
e

medi um accor o blge swbstiade iamdethieireeprdpesline dendtyuincraase byHae remyplexentt i on i n
t he magnetic cording.layer but .utilizes the magnetization in, the concave
Fogi on of  + HETEQREPARENF naghbutiicn B8 BB AL Frné Bhe At MR fees

the uneven | gwetonpatd fdgiorahd ehdedtivegnegioas 6 bisd ralgaefioreddndingrladet er m ned
signal such as a head positioning signal,6 and a signal indicati r:arg‘i t he
copyright daR¥ Baspeazes; methexameduectng . & pweiardkby applyirg arelatvelagnet i c

recording ”Egtirlé}x? ACEARHE 31d th b&HehBEMUr BMhE Q{F‘r]éériettﬁtr%%oﬂdﬁi fyP@ngagnetic

fl uxes gener at fromthe concavé regions of the soft magnetic |ayer as the
pr edet er m nethesy, gblad sconwae nregiens careaveagrmtizedninf theh eoppositegdatéteon

substrate has;, a pre rimned sha .t he magnetic f| ux;gen ted f.romthe
concave reg: Gl B 7 pRLTT fend 3R Bl 1R Bhk Tl BRI cBPosit
pr edet er go nedirsé¢tipml , since the easy axis of magnetization in the concave
regions of the soft magnetic layer lies in perpendicular to the soft
magnetic | ayer due to the shape magnetic anisotropy. 30 Since the

magneti zation in the region of the soft nagnetic |ayer 5

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 necessary 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



out side the concave portions of the nonmagnetic substrate lies in parallel
to the soft. magnetic |ayer, the nagnetic head dees not detect the nmagnetic
- fluX'fromthe region of the soft magnetic |ayer outside the concave
portions. Therefore, only the magnetic flux fromthe concave region of the
soft 5 magnetic layer is detectable as a signal. Since the magnetic fl ux
fromthe concave region of the soft magnetic layer is larger than the

magnetic flux fromthe netic r.ecordin ayer he signal s correspondi ng
(o the uneverpa b l2elaRE HaenehE harT aRd thE Hilemplid iR iR &R ont 1 o
in the magneilisé byetiahfingdtHeay@tedtich Ryet Bad ThatRagietitagRetdiagllagr ad t he

soft magnetic | ayer. 10 The rragneti c recording nmedium according to the
i nventi on haWiush ag pessbleyeinge dhe smatpetic flyg geaprared &om the Dagnetiehead it s,

since the magngljzal G é@hmn%a@qwa él?xgi:si?'@vimodt{}feiﬁé)fatttemg%ﬁ i€ id ayer

and the magneti zation in the entire nmagnetic recording Iayer are oril ented
i n perpendli cobvaoudly verg diffiewdf oot ster iraeat dhe tihegmatigadioncin éber einngvaredi um

d or dowr d the. ization in the region of the.sof
mgnet i ¢ | ay S &) 48 AR AR pEAt el PRer o RaRer i ATEEN  are i <

oriented in g edrdvek regiohBeftbbtmAg@es ezotdigayel ong wiheneasynaxdrs of
magneti zation) onl ¥ by, Effﬁpl ying a magnetic field in perpendicular to the
e

magnetic reckvel SR the DoBREReSiTNaR aR teatne Hip TEaRBED /G thae
magnetic fi el gy AEERGL ﬁéh%p%&ﬁ&a&jﬂ@teﬁ?ﬂ%ﬁa%or responding to the

uneven | evel pattern on the gnetic recordi ium Brief Description of
the Drawiti)g Fig. 1 is a schematic cross sectional view of a perpendicul ar

magneti c 25 recordin i um according to fir enbodj.ment of .the
Moention F o, bt % S R ReBRERE I A1 st PE e RO REHER TR ASPBHE Ror ¢ he
concave port peipehlicule HRRABYOGebsdsitbsiddat®, GFhith Gbviate§ithe Probfends
schemati c draw gag descri bing the concave portion in the nonmagnetic

8

substrate of descHREASPPYE r ecor di ng medi um according to a 30 second
enbodi mrent of the invention, the cross sectional area thereof 6

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
recording 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



" becones narrower toward the bottomthereof. Fig. 4 is a schematic draw ng
describing the cross sectiron of the magnetic-recordi ng nedi umaccording to
- the'first enbodinent illustrating the nagnetization directions in the
respective constituent |ayers after the 5 magnetic field applied in
perpendicular to the entire surface of the magnetic recording nediumis
renoved, and the change of the signal reproduced by the magnetic head
scanning th r . {] i i | . i wave
Form of t he PEaehaifedd ASeT oA Brufr AERIRCUD% HRCLHEn HhdumeRebth & VD
medi um accortthiengricavd Iperts@c omald ahbodispemtis ofhmapndifizationl irdeBe concaee
portions, the bottomarga thereof is. narrowed. Fig. 5B is a wave form of
the repr oducréaw&ﬁfﬁﬂ% Seff mﬁr{e&sﬁaﬁﬁeﬁf%ﬁm%@%&a& TPRICH PTG Hedi um
accordi ng t othehgefdehaicubiio ghgtRbic, réddbdih Iﬁﬁehuﬁﬁsa&@%agﬁaw%a@mic the
bottom area thereof is not narrowed. 15 ﬁbdes for carrying out the

| nvent i orP Noamigdteonyavention will be described in detail hereinafter with
reference to the acconpani ed drawing figures which illustrate the preferred

enbodi ments of the invention. 20 Fig. 1 is a schematic cross sectional view
of a perpendi cul Advambageenikly, the orads rgetinadil wireaof ohd corgave partion atong

enbodi nent of the. invention. Referring now to Fig. 1, the perpendicular
mmgnet i o ectedRAgT HURLHBRERIPAIAICGaE AR TR Tine B Aas DE R agnet |
substrate 1 hf1ebWel (o a¢@NRAKELERA thefds 11 fornmed in advance and working as

head positioning 25 signals or as the signals indicating the copyright data
and suchl®ata. The perpendi cul ar nagnetic recordi ng nedi um according to the

i nvention includ j t:he. no netic
substrate 1 a regsfhedoial il pitlele ARPbichal B Ehefa BSHIRANERATS) © o g
a protecti onod ayighadindicating thegoggdightrdatar di ng | ayer 3. 30 7 1~ _1 The
nonmagneti ¢ substrate 1 carries the head positioning signals or the signals
indicating the copyright data and such data formed in advance in the form
of an uneven | evEhe Bidehn@tib reddiirf0 MeANih ORabrdih B0 RHMNI AV RS HRSt A&t e
provided with Ni P plating or the conventional reinforced glass 5 substrate
are used!¥ orutilize Hommagnetizaticn bs tthetreagnetithiecondeng fayesviit wakizasr thej s
formed by th .ol t hog i e Lqu d C eghni qus. en a
gl ass materi %FE%(?&%% al(s?lt g}%pérngen(sé?%e g% rgsagf po ?/Oggrr%a@%lgklgqg écf gg]eymeefi nis
used, it is paehaiabteeordin®micdéuni ewsepothet wievans devel opattétnvi dry, tHeo
manuf acture the nonmagnefic substrate 1 by the |njection nolding using 10 a
di e having tﬁ%‘?'ﬁ?ﬁ%‘}‘f Isgé%trf‘tﬁa Parthes Bf%\éer_frﬁﬁ? i f18nel syenee. 2 g‘?e(j‘% 2 is a
schematic drMﬁ&ihgrsigmoamdohrmgrﬁélemfawma 't%@scoﬁ?ribﬁﬁ dae6ARe PRI ON 11
in the nonmagnetic substrate 1. The wdth W the length L and the depth D
of the cdhcad@tapdihis specific featur efhthenmegnefierecordingsmedivnag aceprdingeto ned as
descri bed i nyfl tioRCEREEH : i i Qn {.t10Ri.Ng
ot gnal 5 or tHE SverioR RN Wire Bné MEHARTANEAC edEERBE I BT,
recorded by tdmeavomegives pbithe cof inhgnbde faybri a8 the predevegniziet csigndist rate 1
and shown. | NufHdS: ok 50%eis, “Porelih 1 5P BRY! ShbReddle "ARTBARST b, SyPstrate

predeteljmined 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



20 orienting the easy axis of magnetization in the concave regions of the
soft .magnetic |ayer in perpendicular to the soft nmagnetic layer, it is
- necessary, as described later, to formthe concave portions of the
nonmagneti ¢ substrate such that the dimensions thereof are related with
each other at least by the following two rel ati onal expressions: W< D and
L< D. 25 Wien the cross sectional area of the concave portion 11 parall el

Lo Lhe nonmagneldey DAL A e EROBP A NRleok UB AL BDBE LADEY c0f as

shown in F XI's of magne |on I'n onca e region of
t he soft magttm doft xhnageetm?laysr d:heemmtnﬂreadelbéenbu detkst the rmpagpeicdiwul ar to

the soft 30 netic l.ayer. 2. 8 o terla exhibitin arelatlvely
maneti ¢ hi gHOBerHbABRPH G GifcFothdhagnatisa BHET S ads fHas NCAy ByPeiFd. an

al I oy contai mh@@f&eb@my (t68) mAgné S MBI Prdn® PPENESHCadE GrelBBd of Ahe t it SO L

magnetic | ayer 2. Preferabl magnetic field is applied during formng

the soft Pragmegneti¢ aper ig 49#0{64@9 disresigneh Singhithe magnetic flwnfoanthe axi s of
f f
magneti zat | O&n%far% 3%1?}19 t E tﬁ@%g 1’{18 &YE {aygr 1?}&?&?%% tfx Jkgxle% ﬁlf){rﬁigget ic

| ayer 2, espeécla e radl a irectron o e na ne
necessary t ofrbor thet inegsetid revartisg ilaydrayier s1gnslsmbrxtehmnchhg td) hhe knessh d
thereof is r

I ed with t d the Length of the concave
por t ons. of ' el Riregtredecetibop by Bhestate ab FBpSimu L the RETRAS | o
rel ational exRoREfk Myer\%‘ﬁb? tBBGtdts oflmakhetifatRCIOSHRYIt A iR 1@ L h D of
t he concave portions to be [arger than the thickness d of the soft magnetic

| ayer 2. 1The easy axis of magnetization of the soft nmagnetic Iayer 2,

formed as 15 Qeothd RRfBRe ¥E i R MANTRARCHLE o3 YRS LEARioh HIRNAS fhd Ne

concave portions ies in par magneti c | ayéer ut si de
t he concave stegttones as |desadsedr alstve dxhdnmygeamemtefsmmgdﬁi nagheOatidn t he

soft magnetic |a 2 lies in r pendi cul ar, the s netic la er 2
hsi de the. cBnEa EBYF GREIOT MERBB ool agBo et P thet mERARE4Hitgh

ani sotropy. 2@ khtiks mRGRES Fe¥oltddng 28Rrdatch6risht@ain boPesaicule eohehepOSI tion
data of the magneti c head and used in the conventional hard disk for the

recor di nd3| eFy9r irface g ﬁb%malgeﬁ’gerecordmgmﬂmm (@@marftl or Hewnwend ashcave

portions dee%?%éﬁéfkgget&g OE}(EL! g 1oﬁn&t ﬂnedgir%c;lr ﬁet"f‘é)(?#eéaMS gl? 4 m the

soft nmagneti er t ha he rec engt escribed above.
However, t hecam:gnepomomaﬂrthe n@nmmgmum isnbstuakieng otrieetezbm:aml}ebm tlons

havi ng the di mensi on S C d above can be used, ,wh t he above
Goscr bed i BTEMAELoRe R a Nt ﬁ%e%ﬁym’amfmﬁsa e enfyrhy abajine a

denodul at ed afdoabtit field BPPAPEARICATrRY thBen ABGAR! FebordBAImedfif (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
nonmagnetic substrate of a magnetic recording medium according to a

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



-, , The conventional perpendicul ar nmagnetization filnms, such as a Co all oy
filmincluding a CoCr filmand a CoCrPt film an anorphous alloy film

- containing a rear earth element and a transition metal, and an alloy film
formed of Co layers and Pd |layers or Pt layers lamnated alternately, are 5
used for the magnetic recording |layer 3. The thickness of the nagnetic
recording layer 3 is not influential to the performance of the nmagnetic

recordi ng medi um a%%lglrogder} (Hhe i rgi\:/oenrr;%][rH 9 The magnetic recording |ayer 3
is fromb5 nmto 50 AmaIN t ness(i Pafie reproduced signals strong
enough and no t dRighphiis rsehahaimprthﬁsm@é deberilfingneiel erdss ededtibn ash thee | 0

magneti c head. |f  neces nonma neti c internediate |la . be
naerted, boPAERSHS FRESEGPE HEGHE ALcordipe; b Ozh&nﬁrszﬂﬁénh?&gﬁamy ilysdeing ng

layer 3 to cgqpt ﬁlagnémtfotnr Bb At GhsOfn £m>eré§§gaﬁrel SonlsBERX T 13gedsa¥@Er Ehe The
conventional protection |layer such as a |layer containing carbon as 15 its

mai n conpdnem@agnetic fieldrapplied 1mexpemducw1amt0ctlhﬁeesl§lre §ucfgeej0f61e mhgngitot ect i on
layer 4. If {E%Sﬁ%ig"‘rr%dl%nl fs% Hbﬁ}uf%ﬁé chﬁéer of B BEnkP erﬁ'f-gdli)crégtt&e

protection layer 4°to | 6T 857 st arfice agai nst I‘IC i‘on- an

Fig. 4 is a greheagtdtic ldaraalvucagnd@amlshrﬁage bh&xecmmt&a@bmdmg)heﬂhen 20
magneti c recordlllgl% dlumlll stra? g the “ngginetlzatjon ‘)rect ns in the
respective constiBudfitis|gayare o of the zenradpced Qutppbpignahpby

per pendi cul afhe"xﬁa&ﬁ@h&f&bfcﬁn? %efda&ﬁ aq;f:mtdfﬂﬁg PREHEIdcEnd @ﬁl%Bgin'ﬁQltn‘@%ﬁd}m
(indicated by the arrow poin downward) is renoved, and the change of

t he signad ruslusidacerrayy mh@omgh@bmom@a@a ghexnofi ingartowedur f ace of the 25
magnetic recording medium Referring nowto Fig. 4, the magnetization in

the magnetic r ecﬁiﬁd"s gls'@%% Fo@ 0Pt e E’é}?’i‘g&ﬁéeﬁ mﬁ}ﬁt 0RAAELH cff}ofh“t si de

the concave regio the Sof t magneti c T ayer es I'n para
sof t magnet i thel mpenetd¢ redoadingsmadiyparaatdrding o the ﬁeasthadmemn% which

magneti zati on e the conca i ons of the,.l0 sof t ghetic | ayer
> Ihe. ragnebieeE SN PIET I oo REVE et Fhtretiis PRbnagPrelagnet ¢ | ayer 2
poi nts downward, that is along the direction, thereto the magnetic field is

applied, since the easy axis of nagnetlzatlon i nsi de the concave region
lies in perpMedes firgarryngutdgedngeniier i c | ayer 2. Since the

" 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
magnetic recording layer 3 on the soft magnetic layer 2, and a protection
layer 4 on the magnetic recording layer 3.
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5 reproduced signal output changes corresponding to the arrangenent of the
concave regions and the not cancave region, the arrangenent of the concave
- regi'ons and the not concave region can be utilized for the head position
data and such data. 10 Enbodi nents Now the invention will be described
herei nafter in connection with the preferred enbodi nents thereof. 15 First
enbodi nent A pol ycarbonate substrate, 3.5 in. in dianmeter and forned by
i njection noldi is_used éor Qﬁ nonmagnet |,c substrate 1. Concave
portions, the vi P PSREAEASHT aHbeaten LABRe e Beer RhPLcH e, BR8ER ¥ 1 her cof
is varied freio §@ndle id0RafiAg thé Ropprigatdd anaNéudhcad tayfolmed i Jdehiear bonat e
substrate 20 in advance. The concave portigons on the sane circle are spaced

apart for 208 kA forrﬁmogaﬁH“??t"ﬁérlﬁvellhléatfﬂ?ﬁnﬁ‘é‘ﬁéiopﬁe%mlradPEllllumsal!lQYaded in
a sputteri ”gsﬂ%&aart@tﬂf%v)id@@%ﬁhclg? 't}lﬁ%t?ﬁn%%)‘ tﬁQfJonU?&%dlcrehﬁXFJedz%lhés for med

on the nonmagnetic substrate 1 gnetron DC sputtering nmethod using
a CoasZr ~\bi sulsttaty arer gedd fathéhe esuinmagmgtisofubstmgect.i €he aymavel leselhs t hi ck

25 the depth of.t ti in. th ti bstrate 1.
Cobosauont | Pl i BFaRRBGRAE PRy BOGEb s B PRORABREE S HERRERLE, Sot o
magneti c recwhinng khser materddl BM & Npliabti€ kieess sackl & paljearbdwadd enid on

| ayer are for ne by one, by sputtering. Finally, a, perfluoropolyether
liquid | ubri e&ﬁ? eﬁay%ﬂls‘af 15 ispreferaple, diambshe yiews Riipkat G’ﬁs%'ﬁéOddléElwﬁ’ 30

protection | gyghanufitisre the TRARSIIfetic 80BEGARG BF dhe! ThiRGssH Holdnk Qushipe first
11  enbodinent of the invention is fabricated. The 'quality of "the signals

reproducéd fadi hirdnghbmunecenr levdrmitteynifednedriieatiniivadedness descri bed above
is evaluated in the following way. 5 Signals are recorded in a spin stand
tester on the track, in which the concave portions are formed, by applying

a DC magnetic fiBlgd Hoyvanwesh@dmaticpersveingi oul decriging hghen@indénssdisf @ ehedf the
medi um from a magneti ¢ head including a wijting elenent of single pole type
and a readi ngPrsate BpipEnt! By thgingnmamgHe subyEi8tlance (GVR) type. Then, the

recorded signal STRE &idewW, bk RUkth L%Jmetd%swﬁgﬂgm% goﬁ%gg?ggﬁﬁﬁ{i gf above.

The qualities of the reproduced signals are liste 1 wth the
depth D &% t Hee vonuagreetipoubsiate dsira dpfinedet describadfie Fig. [ Acherding to) Re
roduced si nal arwel iIudgﬁ *h%i nal .tual.i ti esSﬁﬁO. 1x 00..2x1f3é%5(%1. 22001. 3Qo
15 The symbol® TYEPHRr &hq Head; Rogitenipg fievdls oF e depaleidicatiie s oduced
si gnal anpl i tepyeRzht odath hendlepthsdddasa@néedofdedr Bprihduenidaté Poadiomilj t ude
for the depth D af, ﬁg nmare |isted. 20 As T%%I‘{e 1 clearly indicates,
signal s wi t hi¥med|indhe nopmagngtis substapieol gad shawarinthigs 4k grd 2 agd he

concave portingesidn! & A8e hoiERaMRiMsGbRrA8d1 1 BAilIENY bt BRIEOL. - 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.



25 Second enbodinent Fig. 3 is a schematic drawi ng describing the concave
portion in the 12 . nonmagneti.c substrate of a magnetic +ecordi ng nmedi um
- according to a second enbodi nent of the invention. The magnetic recording
medi um according 'to the second enbodinent is fabricated in the same way as
t he magnetic recordi ng medi um according 5 to the first enbodi nent except
the shape of the concave portions in the nonnagnetic substrate 1. As shown

in Fig. 3, the ncav. el aceqn di to the, s dlne i
truncated pyr amﬁgalge%%/ag?g Oréil 14he Strﬁeartwe r FeengliG hcgf‘ﬁ erme Srisélfﬂérs‘@a of the
concave portNife aﬂ@QradFBSAlOalﬂd}eaﬁ@Q@nﬂlcﬁm&ﬁdhﬁﬁm caaarlal(dl@)l ad stfifin
nonnmagneti c substrate 1 be qnes nar%ower 0 toward thfeq_ﬁgttomthereof I n

detai |, the WERORERE §Fe Use cf%é}éﬁ/éO dP't‘ﬂfﬁlCl laver @. BreteyablynadnRgRGtind t he

l'ength L of gha 1904})%@%@ dlﬁ‘iﬁé rnding tHeOsdM mabhetiPahiam™ah éHéediQQ&ﬁﬁlve
portion is 50 nmin width and in | ength. The nmagnetic recordi ng nmedi um

accor di ngd t owhish ogmxbﬁ@heeﬁwdammf magnetiaftien efithensafhmagaetic Wayer £sint he
magneti c recor i di 1 toth f|r i ment . BAis
eave for m GralRE BE B AEERL BeT2 bibeh i b Re B AT AR n 0
recordi ng rreﬁlnagmtam@l@kdltrig nﬁ@es&ﬁlf@r t_ﬁ;d‘@ﬂﬂdh@ﬁd&fomametlc lary@nrczrsucha;hud]g& Con](c:ave
portions, ottom area fhereof i parr owe s a_wave, formo

t he reproduc qﬁ'li"ﬁ G t ql‘i"@ I8 Eﬁgﬁf&finﬂﬁ ftrb(?n‘r"f‘ﬂb ﬂa@ﬂ@ttgé lengidy bi ofgtheedi um
accordi ng t Ocdnlagyd ?&%fongQ)f %H@%Qhﬁ%ghetxé"'gﬁlfstﬂrdtg%lt‘!% g%‘%%ﬂo@f?{gtﬂ“%”s the

bottom area thereof is not narrowe Figs. 5A and 5B i1 ndicate

quality & tteéamnquipmsgmm W egraodubsd. fit wrmemssam@mwhel depithid? nfjthehe
concave portions, bott m,25 arg }the e |s na F?(F? i s hi glher t han
that of the Wﬁmp%‘i ‘@Hﬁlto & PEEn CRAn £ IF J SRt ITRE MYt lA% L oncave
portions, thg bottom area thereof is not narrowed. Thus, the change in the
shape of the concave portion is very effective to inprove t he performance
of the magnetic recording medium This effect is attributable to the

orientation of t’Pﬁ ﬁlk %?%IL%@IGLI fgé}??ﬁ 1Sé)§tomggggl§ la eL%y%rm nt ed due

to the nmagnetic ani sotropy e ecl shape he soft
magnet i c1% ayéescnbdd/ahmaagcaot}m ﬁf:fma:grmtmfsubh&atenl/hatznngrthé&oﬁkms'e rpobtechsabove,

t he magnetic cordin u ordln v tlon does not utilize
t he magnet i zé{’el lPrPa?fﬁm {P@t gﬂ? ﬁag}'eF to GtcPP?ai’ésregWé‘s

nmagnet i zat i ofh kdhttdR, ORNEAYELIESE ﬁ'lh%n@iflzettlftﬁi §0fHe gmgﬂﬁfgh@u& ayRk .2 when the
magneti c recording nedi um uses the uneven | evel pattern on the nonmagnetic

substrate foin prwepdisgtarctnithedolli magnetiaidavess2 dnsidadhpowneaveniregiond gnal
and a si gnal tHe'i‘Qdf‘gt)i?’: 'tﬁg,hé Qﬁe&q}?%b;@hagﬂé@c i M}%}pt her 10 data. This

specific feature e nmagnetic recor according to the

inventioR0facilitates using the magnetic fI uxes generat ed fromthe concave

regions as the Sftqge}lle%essaryego trgc%rg (E C%lvg%a cﬂ:z&?ngolhe position data of the
magnetic head and used in the conventional hard disk for the recording
length of 1 x 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



nonmagneti ¢ substrate has a predeterm ned shape, the magnetic fl ux

generated, fromthe concave regi on can be used as the signal. Mre in

- detdil, 15 when the depth of the concave portion of the nonnagnetic
substrate and the thickness of the soft magnetic |ayer are |larger, at

| east, than the length and the width of the concave portion, the nmagnetic
fl uxes generated fromthe concave regi ons can be used as the signals, since
t he easy axis of i i i i an e f tic

| ayor 1 os i n 20 BeraErtfithiad borBobuBe RS A A A AL P be PR < ape
magnet i ¢ ani shéy by indydimgra GoCn filmhmdca Es€rRiefiln cavah margeowsfallofeilaoncave

portion parallel.to the soft netic layer toward the bottomthereof, the
shape magnet F‘H‘t_é’ﬁ’ilg%lar’@@ qa§tg§%&?@&fnd2é%m1%ﬁ&wﬁ ar“gic?)’? g:”fﬂjefr i um

formed as degfhicBesdt @OOMRrE AGl P4 AhRSs I8P KiyBss RBnlind Y alt@GRityndrdensi ty
due to a higher track density obtained by the inprovenent of the accuracy

of the hebd peast f9robhengnagnghis| resprdlieg dayes & RbgHdichnese of dber wraBetdensi ty
obtained by elgl A Ndy&n8 f&g@gf«‘f}ﬂﬂﬁéﬁﬁaﬂ %Qp&;yeﬁggﬁﬁﬁw'O@th%ﬁgﬂetiﬁy. not

only enpl oyi ng the uneven pattern ead positiofitng signal

but al so by reoutidg mpedihm atchatingldo dhes uclensisnlfhe nidgmetiopyeardhtg dgena in t he
medi um the pr.otection and.the . agenent of the recoyded dat re

Fact 111 at od. TTREOTEER L6 PeUDr BATARER (i RecardeRt L6t AR, BtTon

havi ng the 5esdughChHb end%o Gi@fsdit RBE AhONReBXHH thd ndgaietie ABAI fr6m Shdce the
magneti zation in the concave regions of the soft magnetic_ |ayer and the

magnet i zafi omagnetincheadt iIf esespany.i @ neuvRgiietly iMguRedipte dpiesnmay b

per pendi cul a i S - i j mgd; (upward
or downwar d) Erelastr‘? eg‘iri)%(t:‘g?étlﬁ%herréé)g{l@t% PrzlgtII?% 8}- g%t%ﬁghkgﬁ%%%?{ggj T g 0 ? Erllmagneti C
| ayer out si dé tb hentr@l thestaxceureaditbe snagaetic remtrdidgilaygra.al | el to the soft
magnetic |ayer (that is along the easy axis of magnetization of the soft
magneti c | ayer) by applying a magnetic field in perpendicular to the major

surface of the nupaesnventReal Pidlectifdiater SV &l 1Hfer dOMEANGRING)cadiich BY _
removing the magnetic field to nagnetically wite the signals corresponding

to the uddveifs| mad comppaerteppdoiomhed fteadfetmcinr dhiskagssgismsrdider e 25 15

Clainms 1. A per.pendi cul ar netic recordi nmedi.um conprisi RQ.;

nonmagnet i ¢ SEHRTHL VST doft MREHGY: & TaPS TBncntdaken MR AR rate. s
a magneti c r eeopeite@iondygér aboiepioke thotdsistagnraeidaéndtdyietion bhée weagnet i c
recordi ng | ayer conprising perpendi cul ar magneti zati ons extending in

per pendi cul ar thereto and indicating data signals

Fig. 4 is a schematic drawing describing the cross section of the

20 magnetic recording medium illustrating the magnetization directions in the
respective 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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a protection layer on the magnetic recording |ayer and the nonmagnetic
substrate having an uneven |l evel pattern forned |0 thereon) the uneven -

| evél pattern conprising concave portions, whereby to generate a magnetic
flux for detecting a predeterm ned signal based on the magneti zation in the
region of the soft magnetic layer in the concave portion of the nonmagnetic
substrate. 2. The perpendi cul ar magnetic recordi ng nmedi um accordi ng to

Claim1, 15 erein thq dept h ﬁf t he concave p rtLon and the-thif ness of
the soft nagidt maenglielagstes| Hhg dnagnetization 1pHaR thAConeatst FPeifiyo dept h

of the concayg RRIghbAR lafh® Ebﬁt@%wnwa @at TRANSH AR diPktioR, tRGet L9 On oOf
the soft magnetic layer in the concave portion of the nonmagnetic substrate
lies in perpdrdnsghetic fieldiihepphgdsimerthacesphxisivé nurgnstizaiion ivgidertiymet i ¢
recordi ng 20 nedi um due,to.shape magnet|c,..ani sotropy,. 3. T er pendi cul ar
mgnet | ¢-r ocBPaT g ot ek AT SRR b NP b e v s SRECER

sect i onal 5 ar apreducelsigoncarpupetidriged catresghridinty BRERY afahbamenobf the

per pendi cul ar magneti.c recprdi ng nmedi um becones narrower t rd the bottom
thereof . 25 QRn_CﬁYFereﬁé?‘b’*e‘ﬁ‘&ff e _a% PRGHE Fegian 4B _armgﬁ@aphﬁf ﬁ@cﬁeﬂnawf*_g to
Gaimil, whepgidhadifl et BhvRSHs AR beCATRIATES tike READLRSEHA Lo NY
signal. 16 . The perpendi cul ar nmagnetic recordi ng nedi um according to

d ai m 2, wheard pudhhdatgr edet er mi ned signal conprises a head positioning
signal. 6. The perpendi cul ar magnetic recordi ng nmedi um according to Caim
3, wherein the predeterm ned signal conprises a head positioning signal. 5
7. The pe¢ peRdiledimentsagneti c recordi ng nedi um according to daiml,

wherein the predeterm ned signal conprises a signal indicating copyright
data. 8. The perpendi cul ar nmagnetic recordi ng nedi um according to Caim 2,

wherein the predRbriKeNRde MR 6OMBEIrRRY Hersindhel in BHiRRLLAGiGRRYY | ght 10
data. 9. The perpendi cul ar magnetic recordi ng nmedi um according to Caim 3,

wher ei n t he predeiwedembnduneitghbgrechnpri ses a signal indicating copyright
data. 15 20 17 .Asa3,.As. A A A AY. AAS. A A .A Asu. Al .As. A A A | 7N BCFGHO

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
CossZriNbio 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 Co70Crz2oPtio
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
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caleal caloal ool ol ool el ot cabealsalcalsaheal el coherlealeal salaalel o' T O
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1gnals are recorded in a spin stand tester on the track, in which the

E? gi}iif o) captafl A AR A E DA E HIRRaREH B FRLICHS %@a S oot oo
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rrVs\ssst}xsni ]1]cal.calc ] cal.c ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a]calcalc a] C]éxjcggg “BH?@ rE%[]t ]Séréa & a])]@atyRF Bpg a rea(c:hng out %ement og
109 () - y 91 h

0% 1 | %4?5@.@?%%@35%%/&%%’1??6 Them ¢he T5ES] el 15870 -

@.0%& ()1q00/a1t( YusBld b noRdaietic- headd d.@mb(egl alcove 10b&’ qualitidel OISR () - 4! 1(
1M01800/&1(0? 933-%% &{l%‘lf@ %%A: %re% It:eci]' O%KI‘a(ble %I 1tﬁ e(;)thyD o(%%%e(c)onggv]éocy& (0)-
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-#@}"SH=! 10 10 109s10%& () - 5M 109& -3
10%& ()-!',s"M10%& ()-'(s'M10%& ()-6T zX6SH=!"! (sFs! 109%%5& ()-3
I #SM 109%5& () - K 109%%5& () -!!109%5& () 7hp1Q%05& ()-s3109%& () -0W z[ <1=
105s9° 1096&' () - Y+s! 10%B&" () -11Y+s1 109658 () -1, 2Y+s1 10%R5&' () -) Y109%B&' ()-! 6s
Fs! 10965& () -3 #8jRepthe$s0in) &l Beproglucdd signgbamglitudes *108%gusl qualfiles
10%u& ()-F10% & .()- #05 1058f ga?K= 105!0.1 M 10%ruYu&' ()- !x$,

M 10%ruYu&' ()- 910% u&gfh)- 10% u& ()-S TIQGPe u& ()-10% U& () - graVK®@ 105!

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
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10b 10bs99" 109%&' () -s@M 10%& ()-.)1)u))*T**dEbC 10! 6'yM 10%& ()-

7 ) U R, A A 58 e

10% &' () -k, ,secondedﬁbﬂirﬂé}{tﬁ)ftﬁém%&tx(oh Y110% & () - /10°/<z&' ()-3.z10%& () -
,10%& ()-* 109%& ()--. C 10! 6 . 10% u&E % u& ()-t 10z 10z
10289s10% & () -6 *1@%%9%1? r&“%é%&& lum jaserydiectrcthe docond embodient

10! 610% u&' (Js LR ME i6)the ' shAOWEP a3&ht Jmagnetic recording medium according

5 to the first embodiment except the shape of the concave portions in the
nonmagnetic substrate 1. As shown in Fig. 3, the concave portion 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 embpdiment, 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
fromi the medium including the concave portions, the bottom area thereof is

not narfowed. 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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invention does not 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
data. This specific feature of the magnetic recording medium according to
the invention facilitates using the magnetic fluxes generated from the
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,
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
per;;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.

The magnetic recording medium formed as described above facilitates
realizing 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

for the head positioning signal but also by recording the other data such as
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The magnetic recording medium according to the invention having the

5 structure as described above exhibits large merits, since the magnetization
in the concave regions of the soft magnetic layer and the magnetization in

the entire magnetic recording layer are oriented in perpendicular to the
major surface of the magnetic recording medium (upward or downward) and
since the magnetization in the region of the soft magnetic layer outside the

10 concave regions is oriented in parallel to the soft magnetic layer (that is
along the easy axis of magnetization of the soft magnetic layer) by applying

a magnetic field in perpendicular to the major surface of the magnetic
recording medium (upward or downward) and by removing the magnetic
field to magnetically write the signals corresponding to the uneven level

15 pattern on the magnetic recording medium.
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5 a magnetic recording layer above the soft magnetic layer, the magnetic
recording layer comprising 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
10 thereon, the uneven level pattern comprising concave portions, whereby to
generate a magnetic flux for detecting a predetermined signal based on the
magnetization in the region of the soft magnetic layer in the concave portion

of the nonmagnetic substrate.

2. The perpendicular magnetic recording medium according to Claim 1,
15  wherein the depth of the concave portion and the thickness of the soft
magnetic layer are larger at least than the length and the depth of the
concave portion, and the easy axis of magnetization in the region of the soft
magnetic layer in the concave portion of the nonmagnetic substrate lies in
perpendicular to the major surface of the perpendicular magnetic recording

20 medium due to shape magnetic anisotropy.

3.  The perpendicular magnetic recording medium according to Claim 2,
wherein the cross sectional area of the concave portion along the major
surface of the perpendicular magnetic recording medium becomes narrower

toward the bottom thereof.

25 4. The perpendicular magnetic recording medium according to Claim 1,

wherein the predetermined signal comprises a head positioning signal.
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wherein the predetermined signal comprises a signal indicating copyright

10 data.

9. The perpendicular magnetic recording medium according to Claim 3,
wherein the predetermined signal comprises a signal indicating copyright

data.
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