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49 - 1 - DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM METHOD

FOR PRODUCTI ON THEREOF, AND MAGNETI C RECORDI NG AND
WEERRODIGE NG DEVI CE Cross Reference to Rel at edPCT/JP2007/053449

Applications: This application is an application filed

under 35 U . S.C. 111 (a) claimng the benefit pursuant

to 35 U S.C 119(e)(l) of the filing dates of

Provi sional Application No. 60/776,732 filed February
27, 2006 and Japanese PatentlApplications No.

2006- 044295 filed February 21, 2006andNo. 2006-111833
filed April 14, 2006 puDES@RIPTIONS6 U.S.C. |11 (D).
Technical Field: This invention relates to a nagnetic
recording mediumfor use as in a hard disk drive, a

MA@ﬁﬁ’i’g: Reted RELSIUN METEICD FORRPRODUTTION THEREOF, AND
recording a

nd reproduci ng devi ce. Background Art: In
MAGNETIC REQORDING ANPHREPROPEKINGT Y i ces, such as
magneti c di sk drives, flexible disk drives and
magnetic tape drives, have innmensely expanded their
Crésa RaserRt to/Rélbiet Wpplicatpas:ned i n significance, efforts

have been directed tgoward enabljn | Gocons
e s ABE LS R i e v
| gegsly gl n Finp 0dA&n sf tBrovisional Application No.
pu%g%?‘; {éu?g r?fﬁ@{’gﬂ\éﬁé&(l) of O Hliingod Brovision

e increase in surface recordi

g
60a6552 filddEsbivenr, aphend lgpanereBatent Appligaiops Non2Qo6; 44295 filed
i ntraduction St aheBdeans.C. §111(b).
Fe{"ﬁ‘é‘fygér ?{J%Oa“ﬁé%pgﬁg% *F&?Eﬁ?ﬁ?‘k@f“r %%)06( ( PRM) e
technique. Onng to the further introduction of the

G ant-l}é&gneto Resi stive (GW) head and the Tunneling
TeNh‘”g??éf‘ sistive (TMR) head in recent years, the

| NCHEASAvintiof MMtbi1él A Hadetiardedingihedibmifbr ds8@YGpehard disk drive,
ear. These magnetic recordi ng nmedia.are gei ncgdf %rn%%%vice
a hethed foaitire prodyiciipn theregh@nd poRagPetiigedmegiang FRRoIG &V e
and their magnetic recording |ayers to acconplish

addition to coercive force, Signal-to-Noise Ratio
BdcBMR)ndAd: r esol uti on. Recent years have been

witnessing efforts that ar ihg.C [ ' ibl
ob; dureast uia e Ag pr e P fat f ks Sh bb HEghotc/db difcs, flexible

4ia0ding 408 hhectiiapadeves bavedinerdelysixpgndss theicraggesi ¢fgntility and
the track densi

e S50 bt P bl ab DAL, g oo
mlé&ig Lised R these devices to be prominently improved in recording density. Particularly,
the increase in surface recording density has been further growing in ardency since the
introduction of the Magneto Resistive (MR) head and the Partial Response Maximum
Likelihood (PRML) technique. Owing to the further introduction of the Giant-Magneto
Resistive (GMR) head and the Tunneling Magnet Resistive (TMR) head in recent years, the
increase is continuing at a pace of about 100% per year. These magnetic recording media
are being urged to attain a still higher recording density in future and their magnetic
recording layers to accomplish addition to coercive force, Signal-to-Noise Ratio (SNR) and
resolution. Recent years have been witnessing efforts that are being continued with the
object of enhancing the linear recording density and adding to the surface recording density

by increasing the track density as well.
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the track density is further increased, it tends to
entail such problens as causing interference between
woheo7mar43s of i nformation magnetically recor ded#CTaP2007/053449
adj acent tracks and inducing the magnetization
transition region in the borderline region to
constitute a noise source and inpair the SNR This
fact hinders the enhancenent of the recording density
because it inmrediately resuts in | owering the bit
error rate. For the sake of increasing the surface
I eCf thieNged empnétic, retdrding deeices hertyack hiansﬂyﬂ‘as rqagheg JOHTPL As
recordln bits o
b ks g Bifhen etz Jn S BURL i RS AD B Sl fgerference
%H&l?e ?a?t s| A8 rrAion Al gt calig et drdat inQﬂj?&Bld tfmgsnatd mducmg the
I'm t hi ckness as permSS|bIe As the recordin d
matguemmon drenyitiens eegion 11 the, bardeiline Fesiomh &, constitit 8 ré’r‘ﬁeaﬁ‘ﬂ““’e an
. SUC | e I flensity because it
imitt dut SR, 7 s Mt L LR T e R g pensiy
1mhﬁdﬁtéﬂﬁdasﬁl&t1ﬁldmmgglne biherrorargiect i zat i on rever sal
caused by ther fl.uctuation. Further [hce: t
Cr adir 34 ekeriomEroEsit HHE piBies EHIRE denBbl OF s Répessary, that the
inMERESITLIALIRS bis b A6 napRENOretadigimettura be éorhred it hy mitiugha size as
accuracy and, at the sane tine, general Irgaé{&eeds

posdlolprend Fabfed:trG<arise ProlirasTS2BBEL EPRRFHZAECT WJPISte filfn hickness
as pe Es1¥\ft1dt/& AR et &'Blt@ L riHRE dEE 50 Y Siz8 thowever, BivRItbrel to entail
\Bld fan du |ng recorlngvvlthawewto

sueh iprobidats g lesepingntheusindreuth i of eeaetiastion pse kY and inducing

t.he, full est Ie e tent
st Er R anispe s Pisng PR KREMATELEA oy Rl M fadon
t he agihac site the aGKIS pitch @oms siailthe niagmtt:aedosdlsgl d¢1v1ce necessitates
probl ens as renderi ng ui sition

{
a ’g@qkpqﬂ'vcb'fec @f%ﬂﬂp@ﬁﬁrg@g %:gcfeﬂ?elcygal% at the éara% e ggnerally needs
adoﬁﬁ&{ ok e Hektlodacsd E)Vechfh%'i QfeUfdcb@in &uﬁflaﬁgbemdﬂsmi efscuting the
e means to cope with probl em qf thermal, h

ref)todud:mgum arsnzatldr widsh rthid §Wlf£:ﬁ19| grerig With 2 Vigw teglinipating the
1nﬁ Suf i &nt QAL DU 180, ﬁ’fe B&l phaRse NbQviths@Rding that this

BHEP n1ng I'rregu aritl & ong the tracks on
mbdrl]lﬁd Walblzﬂﬂe oﬂiupbi‘la&smgdmmﬁlmcm’eetggm theadincens dgekesrie |aymn1mum it

p Sic y. separatin t he a

gemowggls aﬁh{egd%glcghﬁlﬁ quls%tgdnr éf gl?er éﬁ]@@(%f re?productlon

dlfﬁjéﬁ%&ltﬁnh:gttlstegl?ééﬂﬂ% ‘ritgbgﬁlgﬂégéﬂ—igi;utli%% :ieb@rn{@zgﬁﬁ'ﬁclent&ﬁbr di ng
r ef eAs egdetmeans to (rope el the H@I]? ?&Eerﬂgf &uﬁmﬁté‘l’rb\?(?d Ageomplish

aQy ?sﬂ%é;acq%l &e?Nl& he a@hﬁfdieq{t %ufp'hta(éﬁ ABRAbHY erBafiRIAS tra¢k density by
ngOT umthat 1s Orne on a nonnagnetl C
fomires nMgaldnmss cnm the taekss on fthe esurfaeq et thej tegording medium and

cclmrsgc? %’lclyé rphgswatlly separatmg mutually the adjacent tracks is now under way. This

ﬁ

technique will be referred to as a “discrete track technique” and the magnetic recording
media that are produced by this technique will be referred to as “discrete track media” herein
below.

As one example of the discrete track medium, a magnetic recording medium that is
formed on a nonmagnetic substrate bestowed on the surface thereof with irregular patterns
and enabled to acquire physically separated magnetic recording track and servo signal
pattern has been known (refer, for example, to JP-A 2004-164692).
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and enabled to acquire physically separated nmagnetic

recording track and servo signal pattern has been
wanewoota3ef er, for exanple, to JP-A PCT/JP2007/053449

2004- 164692) . JP2007/ 053449 - 3 - This magnetic

recordi ng medi um has a ferromagnetic layer forned on

the surface of a substrate possessing a plurality of

irregularities on the surface thereof via a soft

magnetic |layer and has a pratecting filmfornmed on the

surface of the ferromagnetic layer. This magnetic

r eopigliAgnemRdbisTling el hsh 4 ferbegosinlees formedioiae surface of

t hereof nagnetic recording, regi ong nmagnhet. . “
2 subisvhte s 4 RRAIRY OF BTRAIRFLSS o rsaﬁg%e t'thg‘%k’ﬁ‘% : soft magne '
Ia qaﬂ}?iefc]ésca 'i)?&t&rtﬁil. Nl B ind® onl theistrfh@l 6f theaferramagnetic layer. This
Hi gh-density magnetic recordi ng nedi um i ssui

ul n no .. .
magietia recondisg medivnbhastformesiingbe eenyexed rgglpg%ﬁxe{eﬁg{nagt}]egc recording
pccurrence

resg0gs, n@gﬂ%ﬁﬁ?é@’éﬁ peti %F\gmiy&degtsa soft magnetic |ayer

results 1n preventing the influence .
of hbeyamb t¢ thiciugietiofechrdimg medidin, it inhqlé hat a gighrflpnsity magnetic
al | owi ng extinction of interferenc th

recauinBATIuEY BRHEIESN0 SRS WS SFBPE AT n‘é’??até’c ﬁﬁ%ﬁ%ﬁfaé  ocenrense

of SPORDd Rafi¥¥en Ki RS mabndlic Bysreidaose wiipsdssédrawliniint pryknting the
subsequent to form ng a magnetic recordi r;qg nﬁdlum extinction of

influened of i thgrnpfl  Buetuatioar fiom Jeadilye@PRANRS 3P nd AKYSa

i t hod ich fore LP-fil mmagnetic recording

lntg%dﬂfﬁ]bg er‘i’g|1heaa|dlr]Tagglf&ISE |(a)drg]'the surface of a su si‘r ate )
Or  JubaRGEtacktechoique isgiownéy i akinghi.e.cr methad which forms a trac

thin-filmlayer ready for.the fo i.Qn red thin .
suseates fo R Ent fesopine syl GoyShe o oo YSigor smcked thin
ﬁh%ggﬂd gﬂé}z&f‘)}vhic-ﬁrfsrtﬁﬁi _ﬂﬁﬁ-ﬁ{lﬁﬁtﬂi@detticﬁfd(:jcerd_ir@mtb@umaelther directly on

magneti c | ayer processing-type nethod,. is a .
thel s fade 2 stirate T FPRSEAYFHt EhE TR iregplar B%t?errrésagtlm flythln film layer

O A TR R Wb Bk [181of. OUF Snfe, S SMAC2G0aA1 78705 and TP-A 2004-
reaéig' gt y corr'll [

Icating the process of production as vvetllld. ‘a
178994 U Sthe iforniee quethiasis oftetecq;jg;glgi raagnets @g@rsgrp?ﬁjmag-type method, is a

Surfaces Lo be cailied,oft SRAHE Yonhhiddis et teOBourse of
digpvataeenisgHTRIng e | e tﬁeswoeg, often called an . |
prBARPSR afld SEREFS Edi@plicytity the phmess dfipoadyhtioroas W‘F‘UWW@ it requires the
physicalpreceatisE e RATdo P BTGB T Sha | (B P Hd ¥R e mediu.
Tlge"%‘u%f Ehefid, bREn Eﬁileghénd @ﬁlbf)aigoﬁb@ési;iﬁgktﬁfe inbthod,ethougli ngt inducing
e et SRR i
sl & S0P s R e F oM Srahrcardlnpland régtoducing head
adapted to execute recording and reproducing while floating on the medium because the

©

irregular shape formed on the substrate is fated to continue existence on the film to be
formed.

The emboss processing-type method of production enables no easy realization of a
flat surface because the irregular shape formed on the substrate is overlaid with the magnetic
layer and the protecting layer and is consequently suffered to continue the existence thereof
on the surface to be completed.

On the other hand, the discrete track-type magnetic recording medium by the

magnetic layer processing-type method adopts a procedure of forming the magnetic layer
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The enboss processing-type nethod of production
enabl es no easy realization of a flat surface because
woheo7iwregul ar shape formed on the substrate i BCT/JP2007/053449
overlaid with the magnetic |ayer and the protecting
layer and is consequently suffered to continue the
exi stence thereof on the surface to be conpleted. On
the other hand, the discrete track-type magnetic
recordi ng medi um by the magnefti-c | ayer processing-type
met hod adopts a procedure of form ng the nagnetic
upegly for yeeatding ronr the ourfagey o thet $ubsteate fand sulbdequdngly forming a magnetic
trat ent | r
R Pl SARRT B crd Bl lepll T R AR BB immaion by
texiapuiniing mpﬂ:btl atilizddas lﬁf&tsleﬁﬁbohgtucﬁdsre, subgequertiyndyy etehingdhe part fated
utilized as for sennﬁond ctors,, . sub %ﬂuentl

QUL A MRS BPt PSRt DG, SIO O P Gilen-bassd Ronmagnetic

rﬂa'f@fa@adclﬁa?ctlﬁé‘ Higd siBhn® SGRa &Y tRa GaRSBMBa8&Ament, further coating the
nonmagneti c material, subjecting the resultant surface

serfac V]z}ﬂah protecting film davernand forming » ybricating layerithgreon. This magnetic

chLnrgacggei MSEH: eatr%ko bﬁﬁﬁlh{] go&%@tés at}ﬂg &E‘sd of‘ %Hﬂﬁggorﬁ and not only
felhBaratse ﬂbr amtanmahamrbm alsm Ifaiils &b mhzdfmﬂap:trsmfm of
and not an rns_a.,ca

d | f .
Cont LIS oL TEensie Jerering BRpgapt such, o pigjoture as this enables

efMfSiRE the GRPEI ahd Ynput RRNARIRRIULE the ¢Ridliang H¥RMeaMOthe recording
such a structure as this enables enlargﬁgg t he, out pu

dgmrdtyi %pWPusheﬁﬁEP he Histngn Tome this herda iy theeMgaradii §ert reases in
L ' ot f

LIRS P57ty BBk 050 19 LRI Ok s i

bsishe heglgroftfleetation of thlemedtchymmnaemdhe surfdce of th‘ermoppmng film layer of

densi a deci ded b e
sf gl ohfbeo ot 8 Rbaor fhR B ¥ oS L dptors gonstiues an
iRpeite task Gorfthé sake af dconiplishing 4 highubadrdind dpsity! HC[‘hB iri’@ular pattern,
fl oatati on of tPe he dis stabhéﬂietalne

thesefere, tsfe@ured to lglﬁ)f alloyipg qaation gg’gle L e& fo be stably retained,

AMHAERhd BAUNY a rgklgﬁte" £sdiyne tl?lﬂ?lﬂ§g brieYic 155'3? ad pdsSBI &id moreover
pattern, therefore, is required pbe capabl e of

pegventigyutuhkinterferenes ofsignels onithe mwnt wackd stably

retain | i I

o ¢ foemiBr R ool £ 68Mek i BRRATIS ARIELOREY the risk of
CRUSENLE léntﬁlgnﬂtjbm duringn tler teuren of paefdusiignahd eoabléshformation of a flat

acent tr A techni que,for producing a discrete

SF&%&kh%‘?}’eﬁ Tﬂ‘ﬁtbemrgm%gg df%ely the risk of causing

cont gKisN@AkeRdndy dileted Nia 60 WhAeS rdebRIME Hévate adifronting technical

enabl es formation of a flat surface, however, has not
diffigwltpinopaeseauencs ofdhe incmasesin; the ek depsity, taPprlimepensely increasing

' £& AR5

BepdRRARERY find ESRLSUEN RN SR IAHIBICE IR iR IR while ensuring

adg@nsitioty of thighar decordienamel yeproducimggirogerties than ever. Particularly in the

discrete track-type magnetic recording medium adapted to execute formation of a pattern

subsequent to having a magnetic layer formed on a substrate, this invention is directed
toward providing a method for production that exceptionally simplifies the process of
production as compared with the conventional process of the magnetic layer processing-type
by depriving this conventional process of a step for removing the magnetic layer and a

patterning step resorting to application of resist and sparingly entails the risk of causing
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the track density and consequently increasing the

surface recording density while ensuring acquisition
wofhodrioghess recordi ng and reproduci ng properti eBCTARI007/053449

ever. Particularly in the discrete track-type magnetic

recordi ng nmedi um adapted to execute formati on of a

pattern subsequent to having a magnetic |ayer forned

on a substrate, this invention is directed toward

providing a nethod for producdron that exceptionally

sinplifies the process of production as conpared wth
céremmetiveaitd odisdrete taclketeahagnkic resondity medimpdhat excels in the head-

rocessi ng-type b epriying this conventional process

figgting pg?;ée&%fagﬁ%fogﬁ%(pﬁq?dxs fmé nmagnetic |ayer and a

pat t ith A it &P s619me! the HPoBlema pidnticwdd sbvvef thisehiveitioanpkovides a

sparingly entails the risk of causi ngcontam nati on and
digcrgtedeack mediymyend a Pagnefis grrefding 4¥ir di ng nedi um t hat

excels in the headfloating property and proves to be

useful. Wth a view to solving the probl ens nentioned
Dadutosete dfithesInivengiont i on provi des a discrete track nmedi um

and magneti ¢ recordi ng, devi ce. . D f ot

veRE? e vBRER Rio sk it e, irsk 36nelE ekt g, ot pmcletype
nAgR&kireédiging afedindecaprising 4 A@thaghyticsubBigne ta magnetic recording track

recordi ng, medi um conprising a nonrrggrfeti C sub trfaﬁ&je, a "
angh grierv < Sieadl ratemg which cade grerideds an \Ah least qaf sjlg qiethf nonmagnetic
sWiLER 280 § phit A¥AHSH R dahrou SR fhpl eI 8o frdm8bove a mask having a

nonmagneti c substrate and a part nonmagneti zed through )
shapelof atpatterorexpictaddn defsepaatad &7 ohysiprllyieeprroiingthg magagfc recording

of, a pattern. . to be separated for physically

uggﬁg}a ?ﬁ%vgﬁgéﬁgéﬁﬁ'ic recording track and the servo

si gnahe ptéml aspedthef the ancentispeprbvides tthe mapnetid iresording medium

proyi des the magneti ¢ recardi ng nedi um.accordi.ng taQq. .
ofigalpg 3 the, G bech e, e FhegR PTG T E dFBithg Yefice) magnetic
rddrdnd/g4dkd cal magnetic recording track. The present

invention also provides as_the third aspect  thereof &

met hdbe fosesenthiavention alsd provistes as dhe dhigd asnepiythereol ggmethod for the
ppg%%gt% &t d GEQEE 'UQ&(-{%J)Q 'ﬂégh&{@ﬁéh&@ﬁtg%d%m b &A%ded VRSt least one side
side of a nonnagnetiCc substrate w th physically

of apamatagdetivagibstrate withicphydicaldy seracitedhndgsasicvigcasiiggarack and servo

attern he thod conprisin he .st . i pl i .
SRBAL S  PSuTE L RRLF 1P DR, AR s rvin
aSSRRFE bLE pafleliCexpefed & Bél sefaftéd; iijerblpy firminga parttnonmagnetized for

nonmagneti zed for pq¥sicag¥%%se ar tﬁn t he n?gﬂ%}ic
pheseallyisaparatingdhe MAINGHR LR T It ep%f‘f"eﬁl%ﬂa .

presqnt ABaNidveRiddH RiBRE R6ANEAes tRS il hspett thereof a magnetic
aspect thereof a magnetic

recording and reproducing device comprising in combination the magnetic recording

medium according to the first or second aspect, a driving part serving to drive the magnetic
recording medium in a direction of recording, a magnetic head composed of a recording part
and a reproducing part, means to impart motion to the magnetic head relative to the magnetic
recording medium and recording and reproducing signal processing means for entering a
signal into the magnetic head and reproducing an output signal from the magnetic head.

This invention, in a discrete track magnetic recording medium executing formation of
a pattern subsequent to having a magnetic layer disposed as a film on a nonmagnetic

substrate, enables provision of a magnetic recording medium that permits securing stability
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recordi ng and reproduci ng device conprising in
conbi nation the nmagnetic recordi ng nedi um according to
woOheo7foo748 or second aspect, a driving part SePUTHBRODT053449
drive the magnetic recording nediumin a direction of
recordi ng, a magnetic head conposed of a recording
part and a reproducing part, nmeans to inpart notion to
the magnetic head relative to the nmagnetic recording
medi um and recording and repr®duci ng si gnal processing
means for entering a signal into the nmagnetic head and .
off leqad Fthatiting, Fossesses put exselignalratl eeparatiog magpestyi avdidsagccumbing to
Thi g inventi.on, .i discrete track. {] §N .
PR RctE T g REPRReS SR PO ALoERA A E ALY o bign
reBSdinaleRsiRREOpertc PRy, sihce[ihis davedsion péinlity amission of a dry etching
nonmagneti ¢ substrate, .enabl es provision of.alna ehk%
%ng?ut erto held to

ste SV HIE THROTLME RAENClR IAYPT RIOSEERIIRY TPEIIC|
eltfifth blRalR édgl'g)éirctgt)g}é PRREEDI PR RXEE, !a%ﬂistlgb?lzglg step required for the

separati ng pr avoi ds succunbi ng t e
formétioreofcepatternsingraciteri for eanfiasingibe résést alermseHbis sapahdepfinot merely
tracks, an xcels,in a hj [ L ]
o e P58y 4 T e RO s AR08 e e oncrnce of
péiitissamenabling ploductibe bf Apexxtikmt ampréticgetcnding medant. he

magneti c | ayer processing-type netic layer hitherto .
el d hemetelE e iTiak AP Aa S o sk Lt 1 Phged Y T Svention,
o?fn%‘w el BB of e hEhtc rREGIHME Mk dRin® Borlt@fplated By gk ifvestion, excels in
ormation of a pattern and a step for _renpving th

medgacg-ﬂoafqga}rom,anﬁtin ithe t@aa;bégpaéatgfg ity ,@g@,é}vy,ing to 316 avoidance of
th ?1% d&e'(l:l?iy \B/f {lgna% Elr?gi' 4r¥ncte%e{vbe§|n Eléwi?cﬁ&%%kgfexcels in the high recording

u al'so avol e occurrence of
dasity bedpesy.and enabl i ng production of an excel | ent
magneti ¢ recordi ng nedium The magnetic recordi ng and
reproduci ng device that is produced by this invention,

Bﬁ‘é'fDQsc}iFti&m@fDﬁarir@fs: t he magnetic recordi ng nmedi um
conte ated by this invention, excels in the

headFIG- daisi ngfols tskien shoyriae the strsturg af & magpelicgererging medium of
ﬂﬁ%qnlvgﬁ%nand, owi nhg to the avoi dance of the influence
of signal interference between the adjacent tracks,

exceFIEG.i2nis ehexplamitory a0y shovangitie sprfjgustinpeafaymagaetierecording and
Des‘i}:ﬁr I td'Folne o{ DriaV\é'nxtm1 s: FIG 1 IS a cross section
TS cW@ Kige SHRAPYFLSR: 5 magnetic recordi ng nedi um
of this invention. FIG 2 is an explanatory view
show ng the confi ation of a magnetic recording and
B\e%‘lﬁ‘éﬁﬁfiﬁ’i’éb%\?gégeu%f’e’%tmns. i nvention. Best Mode of
EnbogyiinghetcRRs sabienilistlcule dfthe dib&iBteQyRSRagREt rdaling medium of
structure of the discrete-type magnetic recording
thie thivemtiasf will be described.

FIG. 1 depicts the cross-sectional structure of the discrete-type magnetic recording
medium of this invention, inclusive of the image of a mask and implantation of ions. A
magnetic recording medium 30 of this invention possesses a structure resulting from forming
on the first surface of a nonmagnetic substrate 1 a soft magnetic layer and an intermediate
layer 2, a magnetic layer 3 having a pattern magnetically formed thereon, and an
unmagnetized layer 4 and a protecting-film layer 5 and further forming on the outermost

surface a lubricating film omitted from illustration. A mask 6 having a prescribed pattern

formed in advance therein is set perpendicularly to implantation 7 of ions and in parallel to
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this invention will be described. FIG 1 depicts the

cross-sectional structure of the discrete-type
worgT@w7asr ecor di ng nmedi um of this invention, PATURE0VES3449

of the imge of a nmask and inplantation of ions. A

magneti c recordi ng medi um 30 of this invention

possesses a structure resulting fromformng on the

first surface of a nonmagnetic substrate 1 a soft

magnetic layer and an intermeltate |ayer 2, a magnetic

| ayer 3 having a pattern magnetically formed thereon,
tharmbagnetic necaghieg imeduind. affbough thednak foouscin this fvention has adopted

| ayer .5 and. further formng on the gutern@st .sur
QY R T e AR PR RS on afit h RS Gapable of
infRVdpigg Pond b S %ﬂs&fl@nﬂﬁfcﬁﬁﬁﬂg d greqeeitled patrelymag be tfedifer the mask.

is set perpendicularly to inplantation 7 of ions and .

in pE‘PfaFBP enPpRst pleheighiFning Eecprdeg 4PNy ﬁlg‘dlinagﬁetnpﬁwéﬁ possessing a
mtggr?ﬁti{g?aﬁ%%l ghfgﬁ fo hﬁe%%fgnb{%?mi'dﬂfwm 00%aPbAEss@Ha atnénmagnetic

, any material, such as soda |inme glass
part widlth Badf300 nminbe tess. sTheapadk mtch P Enivet Edhenapre,dh decsppged to the

onsequently form ng a pr rib . :
ARGt 2B B R0 07 L BT B i
redBdsigd densitne magnetic layer 3 possessing a magnetic

pattern prefers to have a _nmagnet part wi dth W of l1100 .
nm ofis |the SOBRASSUR SH @FFefqrcusﬁa‘Ptt%bﬁ g pationg ANy @ the,ngpmagnetic

sd&a§§§tes Hﬂﬂx dsT AP shtstads bma¥bf Al-Mg d1139§ BIGAE Al ha main component,
e se T bl

crea to the fullest possible extent in the range |
suistr3e9 made oof drdimerynseda glnss, ebjninesilisatenkasemhtedass.ngagsheeramics and

recordi ng density... h 3 i: r .
ST YT o S ARy P ity
Asndagtotia editeralsciumerafdd abbl@)Alallop sutatrates, mhede sulfstrates fugde of glass

al | oys hayjn as a nmai n_conponent bstyates. na
cgpm&ﬁs(gpa é}lyoé] 6%“@1@%\??, usgd Bﬁlﬁ@gﬁy ?%v’gfaz)fll ai’écas sggtg,qﬁus selected
pEEES & KR AN a¢Sa @ hrBbd FIubBARS (R GE 1 Qim 61 lebs; Preferably 0.5 nm or less,
titanium ceramcs and various resins may be

aeshparteadyprefeeadly Qdwayordesier naterial s enuner at ed
abovey . ﬁ’lagt?étic%(ye? g(pg% Fo%%& on BPHSt SiRRL BPfh%%ogﬁlggne@iE substrate of

gl ass ceram cs ‘an Icon substrates are use ,
theaqualityu rentignddaatova bhay, bake istplaner megnetih uscosding deyey or a vertical

refers tq. have an ayeraqge surface.r . .
o ebBni e el 06 AR MBL RS Bh), owover,
pRA&S kbl Akdnvicd) m@eREidie¥ording 1iyer.OPreff@atsly, the eagagivatéarding layer is

| ayer to be fornmed on t first surface of the
formedegareliey formed mainky ‘bf?&{ He IHH’&PH&[ PR oned above

may bg t?é]miaé]ﬁé% R ABY IR for WSS BY 1 RYpladd Haghdticdecording medium,
vertical magnetic recording |ayer. For the purpos f

foremxhinpleng statkgd strucvredtihatyis gemposed of h opppagnetit (Cr eﬁ@gglayer and a
RIS iy Lir ey aver. referably

As the magnetic recording layer for use in the vertical magnetic recording medium, a
stacked body that is composed of a backing layer made of soft magnetic FeCo alloy (such as
FeCoB, FeCoSiB, FeCoZr, FeCoZrB, FeCoZrBCu or the like), FeTa alloy (such as FeTaN,
FeTaC or the like) or Co alloy (such as CoTaZr, CoZiNB, CoB or the like), an orientation-
controlling film made of Pt, Pd, NiCr, NiFeCr or the like, optionally an intermediate layer
made of Ru or the like, and a magnetic layer made of a 60Co-15Cr-15Pt alloy or a 70Co-

5Cr-15Pt-10Si0; alloy may be used.
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formed of an alloy formed mainly of Co as a princi pal
conponent. As the magnetic recording |ayer for use in
woOheo7in7438 ane nagneti c recordi ng medi um for erampPm®mO7/653449

stacked structure that is conposed of a nonmagnetic

Cr Mo under | ayer and a ferromagnetic CoCr Pt Aa magnetic

| ayer can be utilized. As the nmagnetic recording |ayer
for use in the vertical magnetic recording nedium a
stacked body that is conpose8i-of a backing | ayer nade

of soft magnetic FeCo all oy (such as FeCoB, FeCoSi B,

FeCors thifigcaZsfBhe mecadidietodingt Iager|is Bejm olFeﬂ'c&e ahd @) nm or less,
(such as FeTaN, FeTaC or  the LI ke) or Co 3 QY. g %E‘ i b
prd@al@gj'ﬁazn or mer . 150 of lesp., & he m@gﬁletlca{ﬁcor ing 1dyet needs only to be

S0 %? 3 ﬁﬁ’ ﬂf {x@hlth@ Rinldl If 'Hle@ﬁgﬁ‘c Moy hsedRdd thé @[‘ucture of stacked
rﬁle optlona‘% an internedi ate | aye
bodppthat tie Haald omy tbeenhbledto gav sefficienheutpy andyeputdhe ngﬂgnglc layer

60Co- 15Cr - 15P%. al | .7 0
netiyio Jev;e S TSR b R ifdefie RFmeke A7 o} pifpie bining an
oulpRY 8F a'p?esgrllfhrd‘ dUgrdéer&naﬁcﬁuﬁﬁgnm courseesfrepmdeéteomabMgamsyhile, the

magg;g st BB A &1 BRUBHE AT HBCPHS S0 NI 96 55 4y (Fthe various
pa}S I éﬁﬁ’é d&ée%gnt[ﬁ%g;ﬂg tdcordild MM MpRAuang prdpertih fah&gdmbﬁllyfdetenorated

hat the head nay be enabled to gain
1n15t¢fpbrtm|neanthem1ummmcm@b51 nput. The nmagnetic | ayer needs
to have | mthickn 4 fhdy SeIHER M FPHR sputtering
forll?ql?graﬁ}frr R %gfdrllrpgrwlé@gnﬁo%l?%ut o? a pres?:?l be
mélR&d.ee or nore during the course of reproduct| on.

Meanwhi | e, the_nagnet| st . be sgl i .
opt {]thrﬁnpqeq:tmgrﬁ{p)c RIS 1 tlﬁrx%;cl-’:%wl Qrﬁtesqgr Eh r]rn%,g';lletlc recording

1a¥e§r ipQH fheRRS e RE S [hfh! Sranbily @sé&;ﬁofeeﬁ‘w ﬂ]n’ﬂ gtyan’ndatenals such as
eproduci'ng properties are gener IIy de

cafiyompacrobs eubstascesHaclading eerbon dEd ggl rogepgd F%f 1)%/ ?I!I;E(g)e citbon nitride

O G b hotCs r bl 1ZE01, Mikyand the lik
C{$ aIgBﬁ)Elf) ca%o% Q?}ﬁ%@)ﬁﬁ'ﬁ;ﬁ%%ﬁ%ﬁéﬁ?ﬁ?ﬁ?kﬁ%m& a{l/ eir 51 | S’n e like
arb @VdiRBle0 fI‘hé bﬁ)tédtlhg-lﬁlml]la}feamy bt formed whtjreef Bored@FYi ng

| ayer.. t ecti n aver 6l
L
m%dkhég)saa%@ profebtiteh-fn Q@febmce(e@ IOhmdr depe esdess] Voot in unduly

erd:a‘gmg&bg Qalrgg%)ne tgq\tdé%ﬂzge flqgg)@nd%} hr%lfllcs: 8%%{ %cﬁ)rg\ﬁe&ltl %ﬁ{é input and
oxftgllrft 51§{a€f ﬁ%ﬁ% Acgglrﬁ'x sﬁﬁfcla{t Ciﬁt%ﬁsh!yn gGEhdramy, aie prowdying4ilm layer is

re layers. The filmthickness of
fortned bydteespuﬁtanglgﬁmdﬂmd aryks C¥Dynethode | ess than 10 nm

P L A LIS o, 0

lubricating agent for use in the lubricating layer, ﬂuonne-based lubricating agents,

hydrocarbon-based lubricating agents, and mixtures thereof may be available, for example.
The lubricating layer is generally formed in a thickness of 1 to 4 nm.

Next, the method for producing the discrete-type magnetic recording medium of this
invention will be specifically described below.

The process for producing a magnetic recording medium normally begins with a
work of cleaning and drying a substrate. This invention also prefers to perform the work of

cleaning and drying the substrate prior to forming the magnetic-film layer from the
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enl argi ng the di stance between the head and the
magnetic | ayer and preventing the input and out put

wWeigTabs38r om acqui ri ng sufficient intensity. PCT/JP2007/053449

Generally, the protecting-filmlayer is fornmed by the

sputtering nmethod or the CvVvD nethod. The

protecting-filmlayer prefers to have the |ubricating

| ayer forned thereon. As the |ubricating agent for use

in the lubricating | ayer, fludtine-based | ubricating

agents, hydrocarbon-based | ubricating agents, and

iewrainted epsveing adharenge hetweem theaompondng fayessa ik subsiraie does not need
| cat ] LS, erally fornmed in a thickness

té#%é@%rb%éﬁ@gtrgﬁ?%ggnet hod for producing the

di scrieinvpponniag medoficmagmetic dayeyg offi@dCoB) arf idtérirediate layer of Ru, a

i nvention w,l | eci.fically described bel.ow,, The

ARG 15 0 gt SCeshe 197 ROSHR PSS Bisb AP HEB Rl laver of carbon
oW e BRYSUIacKOE theduMddate, Of Cl eaning and drying a
substrate. This invention also prefers to performthe

wor k Sybsegpenshyi thg subsirad i iseign trrechambsr efandoprimplenting device and the
SRR IE TP ikl LML NI e e
afubss implastatioe sind dhe dedck iscadhmarl fot injest into theer ¢iacbkmidny capable of
restricte This inventjion.has.a soft net.i c.l ayer
YSFIAEREUARE e MARRRUE S of B NGRIHO, FontGP 8o s} 45 the source of the
ibmyer of a 70Co-5 Cr-15Pt-10Si Q2 alloy and a
protecting-film|layer of carbon fornmed on the first )
sur f &6 thiy sakgeotd ing @toms, Wb jhe in-implagivedewices & cgmmercially

LS. RSB0 5Lt 7 SR IR e mamc
lsyens fThaugh Sibbt, B, Pe Co &ratidathe ke yretayatldide firrthe implantation of ions, the

. i | i n he devi,ce .S _actuated to i ni.ect

b0 TRLAGHTE 8 her BB 55 i AT el SRS v sy

raqgredt to bel impihted TAndsutilized Bér the ektmdteAfabametish.NThis invention, in
the source of the ions. For the sake of jnplantin .

e?‘isesw thet lﬂ?pﬁmétwane- PPN EOHEmRIaES causing thsimelentaliqny thade in the

duéatiorPbt GephtPBf HEPhAHtO JaydeYd 6Rch 3 Eibh ibeBebeh Qhe central part of the

effecting the inplantation in the magnetic |ayer.

depbupgd adprtharlept, anp cogseqrenghyenpbling the etomseto doslistulpted to a certain
({e):gfegthli] ﬁle'cc{ﬁégﬁ}{/ @iﬁ clieg»ﬂl of %hg gl%etﬁrﬂgﬁrp i fvBfon BRY Pé{;;?articularly

arti estric Kinds or m xtu
liine theatepthadlimblantation beaadsd 1 aines toripbint stdma firdo tite th@tgxedc layer and

for the extinction of magnetis This invention,.in .
apegha e s pEtranl P e TP b i PRIERBIR afftbins is properly
deaided bthle eaghifideTitind dRBleRBOR vollgk bEthdiibeahplamingfdevice in use.
depth of the magnetic¢c | ayer to reach a regi on between i

t he g@ﬁtth"alfowlpn off thgecomponent layers of the magnetic recording medium

excepting the protecting-film layer 3, the RF sputtering method, the DC sputtering method

and the like which are generally used as means to form a film are available.

On the other hand, the formation of the protecting-film layer generally resorts to the
transformation of diamond like carbon transformed into a thin film as by means of P-CVD.
This method, however, is not an exclusive means.

Next, the structure of the magnetic recording and reproducing device of this
invention is shown in FIG. 2. The magnetic recording and reproducing device of this

invention is provided with the magnetic recording medium 30 of this invention, a medium-
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depth and a farther depth and consequently enabling

the atons to be distributed to a certain degree in the
wdizomw7as of depth of the magnetic |ayer. Thi BCT/JP2007/053449

i nvention does not particularly limt the depth of

I mpl antation because it ains to inplant atons into the

magneti c | ayer and unnmagneti ze the pertinent part

thereof. The depth of the inplantation of atons is

properly decided by the magnitQde of the accel eration

vol tage of the ion-inplanting device in use. For the

drriainga:ja@rto% &fr driving: thepoedinm in ﬁlyea digeationtdfgepmdings ¢ enagnetic head 27
R SRR OB LSO o 348 v

nidgdetid1@edd RP relaticd tairthe geipactid kecordimyl nediune B0saddo afecording and
afilmare Evaila #e. On. t he of.her hand,, the foHnation
rerodyengHERLBIHYZT FORPIRIRS cog%ﬂ%? fepradusige ignglprpgpssing means
£b1 ARG R I'BEAP Tt thethagHRAE nbddey ﬁﬁr@%&e;a&ag%f%gﬂzegmumea from the
athinTil [ met ho

) I I'mas by neans of P-CVD. S . .
neegnetice headj 27. nBy eambining theseecompanents,Niéxz madpgossible to configure a

RISl S RANAL S SRR B RSO O

theapingically discretedhiricadion of theredhuding gracleof the neignétiti ®cording medium,

j.nventi.on i rovided wth the netic recordin .
G SogPle iesteEpan e e S e P A A ricgted in nearly
thObarfld WHAAY Whkedtedl WRdtRe loRliginRak i 188 iffludhes of Bhd fhagnetization

a magnetic head 27 consisting of a recordln% part and .
teanpitige rrgiont 9fiibe ek edga PAB By -gaving thegegrerating heada spaallen gvidth than

. Ve : . -
A4 ESTRERSE ISl s e b UEANE K et ot
sstigmadry sspehemti@Dowputand amgshr ¥R di ng and r eproduci ng

si gnal - prqcessi n ans for enter, a si.gnal i nto

gt RS G MR 8O o Rt R ity BYR head or
TVMRRebd) 6t S RGIde pbssitle flobidin siisf:erd sighalgstichgth @ven at a high recording
conmponents, it is nmade possible to configﬂr a .. )
denyherndcreplzecr MRERPUS ﬁacqrgvag davies Ressaeviece! ighseesding fessity. The
r&&ﬁn%?%ﬁ%i@' 08 G RtteY -enfcBP bl AntdtortyS it Md L’omh‘téination a signal

discrete fabrication of the reCording track of t .
preagsring cirqucconftirmingrte dheimaxinhing likelihond ideepdingaippibgd ¢ Aesatisfactory

ener at..n . i 3 . .
D CATREM AL a0 A S8 of BERLHAPs REBHALe R coroducing operarion
abh aatk densaf o€l 00vk natksngr mére penfnichienlkivean fecbtikng density of 1000 k bits

magneti zation transition regq f.the track edge part
P55 BB Rl § BERRETEAPHY ALl CPILRITP PR R iR,
the recordi ng head has prevailed to date.

Consequently, it is made possible to obtain a
uepasgtive Esrgppledgener at i on out put and a hi gh SNR

Furt f ' r ' .
O G BTG Bkl s e o
ipadwinbé ® 2 acolhaif h.0sat 0 SPaotlessy The ghas substratn gsdd hevedm was made of

g?gss acel;]alm%lg 1rlsei‘rc1:go rIHg'SQgQ)s, AlL,03-K70, AlL03-K;0, MgO-P,0s and Sby03-ZnO as

components. It measured 65 mm in outside diameter and 20 mm in inside diameter and had

an average surface roughness (Ra) of 2 A.
On the glass substrate, an SiO, film was formed as a pre-emboss layer in a thickness

of 200 nm by an ordinary RF sputtering method.
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density and realize a magnetic recording device
possessing a high recording density. The recording

wdenmgivu3gan be further enhanced by i ncorporat PaE/JIPI007/053449

t he conbi nati on a signal processing circuit conform ng

to the maxi mum Ii kel i hood decodi ng nethod. A

sati sfactory SNR can be obtained even in the case of
perform ng a recordi ng and reProducing operation at a

track density of 100 k trackslbr nore per inch, a

| inear recording density of 1000 k bits or nore per ]
i nch Nexhdherepwlinpt enatag S@lgﬁ@atq yasoimprmtedbypthe gseef stampers made of Ni

r 11
B PR 8 Adbelbe, PIPRAcY S HERL Bich of 1B Cirhe srooves were
imveerblyndiated ¢y a degth 120 nma Tha ieprittingavasamplemented byQising stampers
q};g' 5 F or less. The glass substrate used herein was
clevagt de5898s ceranic using Li 2Si 206, Al 208- K20

A ZQi‘-hlSR (the MIS)HRvas REth &b B{BredhdfA6n-He4ATR @RAMHoS Th'etthln part of the
measured 65 nmin outside diameter and 20 nmin insid

Si0a fyer vaa strhRd do andepile Fagling dhe abstratsuyihdbe rfesvaa)th@fa convexo-
dnédve g?téé_rg %g%ﬂggﬁ?lgsﬂ kﬁ’?et {n%glﬂa i6Gdd fgfnggd l%% hf%&&@lﬁ)r{e}%gvﬁ%ﬁ)rmed on the

as a yer in |ckness
fostdurfeceyof e sipsttater i ng et hod. Next, the resul tant

t i npri nt ed t h f .
ade Oy PRET SRR 4 1AM e e AP o B Tngermediate
lzt)feﬁﬁk%{ﬂ gha  mdgndfidlapen ongm@ %mtmsmﬂt A6 epdbtiicked by the DC
uste 0. a nm e | rintin
ragdnttaed Er9dd e E‘Ej‘ @ﬂgﬁ&&%msﬁlmehwm %%gwgt%ﬁsbased lubricating
fm%re hﬂ@eﬁg&,ﬂeaw &hevlﬁmj mR@dd %&ﬁ@lamy Afthd elraeg.ﬁl oned.

etching. The thin part of the Si er was et
a defhn FeGaBsofignagetic layst ma@ssred/@QmAt the Rw inérmetiatet lamer 100 A,

t};fér) El\ég?ﬁ?qar : fea}vl%opgt 4 fﬂg ?{]a%cggi) ot ik f?lm %a er an ayerage of 4 nm,

I es forned Npers rmed
réslpectfwelys in film flaicienesd. t'l‘hrs sanplet wast ebtaied hshm Exdngile of the embossed
su f of the b a soft magnetic |ayer of
B Rafptye I ayer of Ru and a ragnetic

Iayer of a 70Co- SCr-I 5Pt-1 OSi2 alloy were stacked
by the DC sputtering nmethod and a C (carbon)
Gompagative gempledy | ayer and a fl uori ne-based | ubricating

fil mangs.g Ilfn%ﬁllﬁﬁér b A %&%Ciﬂgyon{aﬂt%d C?%/%Zhb'gﬁi@g%%t&erew was evacuated

sequentially Inthe o ment i on
imredyaetd © alvagerm oEhSur Y BOH léks. Thegkss substerterachd dterein was made of

R e TSR koA, kR, G 0200 o
coRppmdts. emgasukdd 63 M intubsideatismetdhinsl 20000 @ A& diameter and had
a8 Avarhge sirface tenghnecs ey of 3 A, € €MPOSSEd

On the glass substrate, a soft magnetic layer of FeCoB, an intermediate layer of Ru
and a magnetic layer of a 70Co-5Cr-15Pt-10Si0; alloy were stacked by the DC sputtering
method and a C (carbon) protecting-film layer and a fluorine-based lubricating film were
further stacked by the P-CVD method, sequentially in the order mentioned. The FeCoB soft
magnetic layer measured 600 A, the Ru intermediate layer 100 A, the magnetic layer 150 A
and the C (carbon) protecting-film layer an average of 4 nm, respectively, in film thickness.
Subsequently, the magnetic layer was subjected to a fabricating treatment to form a magnetic

pattern thereon. To be specific, after a resist of thermosetting resin was applied to form
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product of Conparative Exanple 1. Conparative Exanple
2 . A vacuum chanber having an HD-oriented gl ass

woeubwimwase set therein was evacuated i n advanceCTOP®07/053449

vacuumof 1.0 x 10"5 Pa or |less. The glass substrate

used herein was made of glass ceram c using Li2Si 205,

Al 2C8- K20, Al 233- K20, MO P26 and Sb2(3- ZnO as

conmponents. It measured 65 nmjin outside dianmeter and

20 nmin inside dianmeter and”had an aver age surface

L ou hness E’%‘ of 2 A On the glass substrate, a soft
tt%eé °P'§af§a ingfto LarsTsTibEf Patiare rthe @prsased agres ofothe mpgnetic layer

w8l réndRANSL 1oﬁ rhﬂlY@' inOfhe &ad i dalits Ith% E%nzhmﬁé Q%V&Jeli Phrts of the

were stackéd by the DC sputtering ret
Tesi% iR pepledit ansh & rﬁjmf off parbery avas doonel fNIlthdhe mb_rebaeﬁdmbeddmg the

SR B LR By R 3 B8 BB OB ot i

4som in tiiufnessiby thapalvVIreashodas gbRGis8 to hh‘lﬁerHtmg member The resultant
t he magnetl c layer 150 A and

{ di 100 A,
SP‘E@%@%? !ansamd%rawé@f 103 eRIP IR Therpaeple tageolsting was placed

ummvabﬁﬁﬂ%ﬁiﬁlyﬁl Sacafed’ inl MvhieClsnes uﬁ“@ﬁ?‘}uﬁf*‘t bY and NG gas was
netic |ayer was subjected to a tabricatin

nftf H?%ﬁtth‘! ehameherrtill thagmlah wessatetreached e oThe stiofabeof the sample
v@a@% 9¥ oﬁ{l}ﬁ%}ﬁ{ﬁ \?cﬁ ? £Od aﬁ%ﬂg% S%PHHI FZ}‘S gf,ampil\awas obtained as

Freg u ies'c
ap lemn:ple bfitie fdtricated prddhet df angastidayiriof €oﬁfpafaﬁ€e BRGASE DC

| aye vere re ved by ion mllin |nthevacu
devi ?E“e ﬁ’énbiﬁg%ﬁg PR S@oﬁv’é’?{g’&a%gﬁ“i dnagerial pig P@éil 3¢ the object of

eﬂﬁéc&n@ﬂ?eﬁﬁfﬂme axhfeenire MRS pre@hnb @inYIBSS G t
tl}eéjve(:t of enbeddi ng the rem)ved pal?“'?s ‘?? es‘!f%g?%épl%ductmn of

wradonted thesppigaringdeghpisivenas deposi t ed | n the form of
a fidnfally e %M&K Wﬁec‘flz?gﬁ(le& g%ngqu%}{Pto ]?pqlcatl ngotvtﬁe resist may

rise to a |ubricating nme suI STt
bevinsthe Ishangraf tlesitrinks eednensibtingOof: dam'at}cdndregconvb:aty that are formed

i hed was a vacuum chanber
ol YRR L5 SEBE-PRRaR BSG Dot aabertng palvam gramper to he
po@sting film foimsladtedquent ©ethe Batsagfe drl tht nidgeAl ?réladnd pressing the

pr essur ched 5 Pa, The surface of the sanple was
SIRPBFathdsy Biglh PFHgea Aterpiveli dhoatiern may somReise convexities and

cHRERALISs thdthrs fo?xﬁ@@ be uﬁﬁﬁné)&){h%ih‘ﬂﬁé r an? %@Vﬁgétﬁng fes fnrl)? the like.

fabricated product” of nmagnet ara
Exargd ¢hepstamper fohaseimbthddiroepsp raome'@!d;c platedmvmgneﬁne track pattern

fo'HﬁE@ leétﬁodJ ?&%ﬁ%selééﬁ%n%%nelc;ﬁ&ég %ayugeeléseg-rﬁge material

rranu resent
oibthodsmnpeoms m‘qutrbﬂa td pbmgdmpdreﬁls e dembilitye tdpable of withstanding the

t al the pattern to be, formsd
im0 oot Vot Ssttila; S Hegied.Bhe Bgfégiel Mgy required to et

the purpose mentioned above and the kind thereof is irrelevant. The stamper has formed

thereon such servo signal patterns as a burst pattern, a gray cord pattern and a preamble
pattern besides the tracks for recording ordinary data.

On the occasion of removing the resist, the resist on the surface and part of the
protecting-film layer are removed by using a technique, such as dry etching, reactive ion
etching or ion milling. In consequence of these treatments, the magnetic layer and part of

the protecting-film layer on which the magnetic pattern has been formed remain. By
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be in the shape of the tracks each consisting of a

concavity and a convexity that are forned on the first
weoeund7aoe3ef the protecting-filmlayer by direcPCy/JIP2007/053449

adhering a given stanper to the protecting filmforned

subsequent to the substrate or the magnetic |ayer and

pressi ng the stanper under high pressure.

Alternatively, the pattern ma conprise convexities

and concavities that are for “by utilizing a

resin, a UV setting resin or the I|ike.

thernD ti
sple %Pr’i‘Bglon%oﬁhe uaterting-file fayee aray, be campletsly gemoved and the
npigaetfc 1B na0ing tld et Blte ALES! Aal BE Qﬁ‘éivéayaléxb 1850880,
such as” el ectron "beam i nagi ng techni que, e use
The material of the stanper is required to possess
ﬁ}g&gﬂelss and durability capable of w thstanding the
ct"of the process. N, for exanple, can be used.

The Aevssuuml chamben hywﬁgBQHIHIB-@nEﬁke@%ﬁiss SER Bl RO FRrein similarly to
nti oned above and the kind thereof is irrel evan

PPN EXRmplE 2 Wasvaerateddn advrnsetorn wepys ofl gl 0 ¥ a or less. The
oRad Siiste A8ePhddbth Shas RAILE cBranfc 915@(1 %&Jﬁ%o@@& I)ﬁiinSla@s, A,0:K0,

preanbl e pattern besides the trac recor
I\&thz%r an S‘Pzﬁ)s-z@@ t henersurad |66 rmunfin rostspde uhgmbﬂeeambgﬁ) sim in inside

Surf ac e rt t he
d‘aﬂ‘ge{céé gﬁ& Rid x?tper era1 surface r%u Egﬁ) 9;% ,30 sing a
t echfincthe glasymjbsaae CH yofeinasrehig, layee BEFEEEB, MNinfi@BdiMe layer of Ru

o502 Pl st A To G e IR R i oge kbt by i DC sputering
n{eﬂibﬁranﬁrh c%oﬁﬁﬁro’l’@%ﬁﬁgjﬁhﬁ 1RAE LA ﬁlﬁﬁn@%ﬁ&dflﬂf)ﬁ@ﬂng film were

remai n. sel ecting the conditions,
fysthst eetlﬁed yithe Frd @reﬂrmiysdqeemaﬂjbhletheloydermuemedaﬂale FeCoB soft

n{agﬁet{ég%??ﬂe‘ésdé@d/ ?%On gatﬂgrigq Mla%n%%tx ﬁ%ﬁiﬂg@% ! her @ layer 150 A

ma remai n
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speefite, a hidsk @l’h%ﬁéin 8 HafbadxBediSER thefoshéd Yi@cﬁb@bnghéiﬁea in advance was
ceram ctg was conmposed O Li 2Si 2Cs, Al 2
digersedop thn g a5 SRS BAvITE CHEBSRARE ST HeAked up o ghejerotecung-ﬁlm

t
B 0 5T DS LS W g o, it
resylb that a nenmagretif patteay ves ifarnied yie theodxpBe b Ehapan Thereafter a lubricant
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o‘stpmed eervethasTed brdngsle df shdprodedt EExamply EC I B fohifplantation, the
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t he PH@mpIBNSS E’)Eh%ﬂale Thﬁd AR E ERYE %1(# %%'fehevaluated for

rreasur ed 600 A, the Ru internediate |ayer
e ﬁ(ﬁgwggp@th qy)gprs%(phmactenstlc by the use of a spin stand. In this evaluation, a

vertical recording head was used for recording and a TuMR head for reading. The samples

after baving recorded a signal of 750 kFCI were tested for SNR value and 3T-squash. It was
found that the sample of Example 1 was substantially improved in RW properties, such as
SNR and 3T-squash, as compared with the samples of Comparative Examples 1 and 2. It is
inferred that this improvement resulted from stabilizing the head floatation property and

consequently enabling RW to proceed at a prescribed height of floatation. On account of the
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and the C (carbon) protecting-filmlayer an average of
4 nm respectively, in filmthickness. Thereafter, a

worgt@vTaspattern was forned by the techni que 8ETUP1097/053449

invention. To be specific, a mask wherein a pattern

expected to be forned had been incited in advance was

di sposed on the gl ass substrate having conponent

| ayers stacked up to the protecting-filmlayer and all

these are set in an ion-inplalting device and then

exposed to Si ions, with the result that a nonmagnetic
cpaﬁmr@n:mn wh thef BWhprapérties, lsecheasfOVR end §Waqguashmewae soenonfirmed that

tﬁ% g%'(k'e)' éicx\évr?r%l ﬁgpms ecf (alsﬁﬁgp éeg)taﬁaltlgﬁ oﬁtﬂs e B ?chené guacks with a
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conveédtsro nomnbtla@t ef i thei Gletsynmh@om sef dhe g elpgirpmagngtiel. conversion
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l‘g}a&rellelsélocr g@ sgl%gieg U E% 5 % eagxg Cfoéﬁ)%r eaé @a&ﬁ@% 1%3 2%?&9 tested for
salffhcerroh@nleflig)yr the asdlethnaARMQ rMible nohmd gribtik Eﬁlbstl\a&s @rddﬁsécbld Example
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f&r %@Més@%)&ﬁ@v@ﬁalm ando 311 SEUAMNAFRE nﬁ@é"’B?'Iﬁgltal Instruments
th the sanples of Conparative Exan‘gges 1 and It

Gospu r"ﬂhe rewéuattqﬂaltse@ Biresaletionfremt 25% pmedmfdeo%d a sweep rate of 1
Sh/ak | e

cons eqj!l", Rt }1,&‘ ggg% e?’%%‘f“%gts%% g{e 'g;ﬁ)g i éel@?fg S’l(‘:hre sgmale of Example
lhshioged aofarkédhpic imapnitude ofi surfaca tronghnedsess @nﬁlpamdhwldnrthefsamples of

AR ERRREle S ol € SRR TP uln swviiaing
ek Bdat Mohtatiepar at| on of the adjacent tracks with a
nonrraﬂtgngetl c. part and as well, in_ accordance with this

[
i nverle samplen 96 ﬁéepnalenh@%pp@pggweeﬁﬁ%% { jagfl ggwere evaluated for
%i'iﬁg N&Jalldnchr a&[ei)d nqiﬂga Gfatibn PARS SpdrRrii€d f 'Ee‘llle{u@e made by

he magnetic | art ereof in conformty wt
SeayAlektnorin Gonp apdesg urbbd therprpduct apdeof TRSPIOST |b<mh@flse of a 50%

silﬁer h% cﬁ Ha S::B?tdﬂp({éﬁgltlt ﬁJ}S glje%c {,Oﬁg l?efes{lif{ of ﬁlgve%ﬁlﬁbt%?l are shown in

ar ac
'IGbImlabélvaVEt chaiptias Eialﬁpld 12exwale€l (tcﬁﬁltatdwfedixaﬁiple‘sacmld 2 in head-

hness t he e an The nonmagnetic

PrRpEYy %‘?Dﬁﬁﬁ?é’gzow ﬁ'@f‘%ei and Conparative
EX&“ﬂ'hi%Scohp%H%rgoffE{anﬂﬁ@l bl @oMBarhli FExdnBNey Chf has made it clear
medi um wer e eval uated for roughness (Ra) in a visual

thatethds grventionmengblen eenvamrntmRERdupijorDiali & afliseratet medyn sexhibiting

T T

fodim tabevecw ahaskt ofothe ashepes bf)m’pattamTﬂdmlded 1o tbel separatEdeand consequently
unmnEnetlzmg e ?nrg:élneetic layer in the needed shape. As this comparison of Example 1

and the Comparative Examples 1 and 2 clearly shows, the production so implemented as to
lower the surface roughness to the fullest possible extent forms an important factor for the
sake of stabilizing the head floatation. This invention prefers to fix surface roughness at Ra
< 2 nm and more favorably at Ra < 1.5 nm. It is evident that this invention serves as an

effective means for separating patterned nonmagnetic and magnetic layers and further for
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1 showed a markedly | ow magni tude of surface roughness

as conpared wth the sanples of Conparative Exanples 1
wanw7297438 is inferred that this inprovenent recsulPmd7/053449
in stabilizing the head floatation. The sanpl es of

Exanple 1 and Conparative Exanples 1 and 2 were

eval uated for glide aval anche property. The eval uati on
was perfornmed in a device nade by Sony/ Tektroni x Corp.
and sol d under the product cob®-of "DS4100" by the use

of a 50% slider head made by dideright Hardware Corp.
pidvlucing swpatemstl mévbura\aatherhat, anstil bightiosenondmgTddnbity than the discrete

b(ﬁl}jl w. It is clear that Exanple 1 excelled Conparative
nEXO%pI es 1 and 2 in headfloating property because of

| ow gl i de aval anche. This conparison of Exanple 1 and
Conparative Exanples 1 and 2 has nmade it clear that

this invention enabl es convdaPlédt production of a

dirsTrety medi um eX AL LT S0 TSAK Eiert Fy fjow surface Glide
roughness 3ng pduci, statﬁggol gééﬁ l%ﬁ atiggn by g, | avalanche
d
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thé sake of stabllizing thg head floatatijon. Thi

invention prefers to fix surface roughness at Ra < 2

nm an re favorably at Ra < 1.5 nm It is evident

BFE%?mﬁﬁ&@“Phﬂﬁ%tion serves as an effective neans for

separhé magndiRtrb@rdi8s nRANKPENBS presdh thvdREsLhermith §86RFifg stability of

and further forproducing a patterned nmedi um ai ned at, .

hegd fleatationypesesses acoxcalleny traekn sepetpting arepefie aficels e p digh recording
To 1. . . ity ‘i

R RS B nur BT Y BrocBBPbE R and 06 (RGHIE! o not only

cergu butinggeredthitiol the ynlmhcduamt of prodtctivityrbut plss sesidmg tharoccurrence of

echIIent track separating property, excels in a high

p?gggﬁding density property, can sinplify the process

of production and is capable of not only contributing

greatly to the enhancenent of productivity but also

avoi di ng the occurrence of particles.CLAIMS 1. A

di screte track-type magnetic recordi ng nmedi um

conpri si ng:



a nonmagneti c substrate; a magnetic recording track
and a servo signal pattern provided on at |east one
wei2e/00f438he nonnmagneti ¢ substrate; and a part PCT/JP2007/053449
nonmagneti zed t hrough inplantation of ions from above
a mask having a shape of a pattern expected to be
separated for physically separating the nmagnetic
recording track and the servo_signal pattern. 2. A
magneti ¢ recording nediun1accb§ding to claim1,
wherein the magnetic recording track is a vertica
magnetic recording track. 3CL thod for the
production of a discrete track-type magnetic recording
medi um provi ded on at | east one side of a nonmagnetic
substir at e AMdibdietp pek-gk magaejtaredrémg Mgt cemprsingy: di ng
track and servo signal pattern, the nmethod conpri sing
t he §F@Bn%$m¥ﬁﬁwﬁﬁgphg i ons from above a mask having a

shapg RpondtiPRkbRidY ©eR26d 89eiv8 sRBaSRRBIANERded HEAQBIE one side of

formng a part nonmagnetized for physically separating
theyeonmagnetid whbstedeaddng track and the servo signal

pattern. t] C Walen I UG .
e S0P o TR bRl MhoR T RSN TR o mask vvin o
sheeosfal pagtemBsipadcted tcly @pmgtetl dorcplysically sepantiag theznagnetic recording
drj vi part serving to drive the magnetic recording
t??ﬁ%?‘?fﬂ&’?ﬁeré{oaigpwgw of recording, a magnetic head

conposed of a recording part and a reproducing part;

means to inpart notion to the magnetic head rel ative .
to tRe nadnBepreticeesrdinggnediam aerording teedaimdl.nyheipig the magnetic

Fe magnae g g tedgndl,
B o e R A A bctuci ng ot

out put signal fromthe nmagnetic head.

3. A method for the production of a discrete track-type magnetic recording
medium provided on at least one side of a nonmagnetic substrate with physically separated
magnetic recording track and servo signal pattern, the method comprising the step of
implanting ions from above a mask having a shape of a pattern expected to be separated,
thereby forming a part nonmagnetized for physically separating the magnetic recording track

and the servo signal pattern.

4. A magnetic recording and reproducing device comprising in combination:

the magnetic recording medium according to claim 1 or claim 2;

a driving part serving to drive the magnetic recording medium in a direction of
recording,

a magnetic head composed of a recording part and a reproducing part;

means to impart motion to the magnetic head relative to the magnetic recording
medium; and

recording and reproducing signal processing means for entering a signal into the

magnetic head and reproducing an output signal from the magnetic head.



