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DESCRI PTI ON METHOD FOR MANUFACTURI NG MAGNETI C
RECORDI NG MEDI UM AND MAGNETI C RECORDI NG AND

WORWROBWEE NG APPARATUS Cross Reference to Rel apemIrP2007/072994

Application: This application is an application filed
under 35 U. S.C. 119(ec i ) of the filing date of
Japanese Patent application No. 2006-318839 fil ed
Novenber 27, 2006 pursu 3. US.C IIl(b).

Techni cal Field: The pr$§§ﬁ%ﬁﬂgagktion relates to a
met hod for manufacturing a magnetic recordi ng nmedi um
for use in a hard disk drive and the |ike, and a

MEZHEOD FOQRe MANUTQAGEVRING MAGNERK HFHCORPING MEDIUM AND

AR ORPIG RyERERR ORGP R AT R Ve,
flexible disk drives and magnetic tape drives, has

recently been significantly extended, making these
GragpReferance to Beletgd Agpligationes nore i nportant For magnetic

recorgi n dia used.inp these dr] f Ve,

been 'lﬁggc?gpl{%ho%sr ?‘e@pgcaﬁ%élg@‘gldgejé \(gls‘gicn 5{132551(@?5?{}33 ﬁﬁ‘g date of
Japdntde Petfet applichtitheNd. 2606-318833ckIed NevemBér 2N200R piRadt &3 3S.C.
PRM_ techni que, surface recording density has been
§ldkbher significantly increased. In recent years, a

GWR head and a TMR head have al so been introduced to
increase the recording density at a rate of as nuch as
TRfcapEieldyear. The magnetic recordi ng nedi a have been
demanded to achi eve a nuch hi gher recording density in_

t he flie present fpgationt glates: tha dnehod o marutashiging g magnetic' recording

a 2 \Y N&e, sl -1 Q- N0j: S .
DR TR B o B BOEHRIS g WA and s 3 ddRieh ol g
dpparithier nore, efforts have been nade to increase |inear
recording density as well as track density in order to
i nprove the surface recording density. The | atest
Eﬂﬂ% ldA# ecording drives have a track density of as
much as 110 kTPI. However, increasing the track

densiThy applicationarangendfagagneticl reedrdikge difves,osuctnias enagnetic disk drives,
dg?n%gecﬁslkc Ivc.l.syancrl gl%mgregg glpe drives, has recently been significantly extended, making
these magnetic recording drives more important. For magnetic recording media used in these

dnves, efforts have been made to markedly improve recording density. In particular, since the
introduction of an MR head and a PRML technique, surface recording density has been further
significantly increased. In recent years, a GMR head and a TMR head have also been
introduced to increase the recording density at a rate of as much as 100% per year. The
magnetic recording media have been demanded to achieve a much higher recording density in
the future. Thus, there has been a demand for an increase in the coersive force, signal-to-noise
ratio (SNR) and resolution of a magnetic recording layer. Furthermore, efforts have been made
to increase linear recording density as well as track density in order to improve the surface
recording density.

The latest magnetic recording drives have a track density of as much as 110 kTPL
However, increasing the track density is disadvantageously likely to cause magnetically recorded
data in adjacent tracks to interfere with each other. A magnetization transition region m the
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data in adjacent tracks to interfere with each other.
A magnetization transition region in theboundary

wheismesnst he adj acent tracks may then serves aBCHJFR0)IZEE2994

source to reduce the SNR This-leads directly to a
decrease in bit error rate, hindering the enhancenent
of the recording density. To increase the surface

Bl Rt b T BEA 380 g WAL R, 66 S
Hiissledds directlip it h deopdasy iﬁu)itmnom@,nﬁhdeﬁﬁg the enlanctnfit dfakei@coiding

magnetic filmthickness as possible for each recording
ty. However, a reduction in the size of recordi ng

ﬁgéﬁet.za%%%ﬁg%‘@% %Wq{‘gsu 184t it Hze of recording

Hitks o the aiagretic Me@ding ingdilir @eney & Highl saﬂlﬁﬁort rh@nettz@timrand B largea
el i m g@ge the recorded data Furtherm)re the resulting

thickness, pepossible fox eagh sqcaring bit.e Jdoweves, 3 wductiondin thesize of

rmgn it @%Jc%{%c#ﬁztdw%@ @Erﬁﬁ%ﬁcﬂ%@%‘ﬁn&o\%ﬂ&ew bit,

rgslting &l Hept fluswationwhMagnetization raverdaliday thernsodintg elimingetha redorded
ﬁ reproduci ng range that is narrower than the
ording range in order to elimnate the adverse

i o e e A et ok Rl RO fr 2 vey

highdy aocuratetrack selvorechmniquet for the magnetic saording idavee 0 Harthgr, amkethod is

fficulJt, to obtain sufficient reproducti gn outputs
Sely g hichSs 1 WA BT (s And SR gRIC G e it iy Barie than

thd RedriiAd HAge R0k R Rl Re SRBNE @&&@g@ Eﬁ tiraci¥Rs Afdh as

sufficient outputs, an attenpt has e to form
possibdss s dbis anethogh cantsuppséssthe eﬂ’mt hd\mesmckaomwﬁan However, this

55 B B 15 ARS8 BB o o s

@Wmlemase t he track density. This technique is
herei nafter referred to as a discrete track nethod. A

mag n dioj ayoid dlasohedt fugtuatien pmblmmd tecensure @ Sbﬁ'lcrelllte%&i su siffisient

t net ho hereln er referred to as a scr te
e Bl s bl e B o RS kRisiie B Hed e of the
reReting thédiundal @ﬁdd%s t!b pically@paiRélihe fechr@ingBakke ﬂoﬁ one another

nonrragnetl C Substrate haVI ng recess and protr usi on

lpaltd@rée msresa the trackrdensits tﬂmt iqueys heseinnfloroferesip psya discrete track

ratye t g% %%ng d.servo.signpal hod

erns ,geeg %c%rdin%x , afz}l %4 u%& is
heremaﬁa referredtoasadxscretetrack medium.

A known example of the discrete track medium is-a magnetic recording medium formed

r—i

on a nonmagnetic substrate having recess and protrusion patterns on a surface thereof to form
physically separate magnetic recording tracks and servo signal patterns (see, for example, JP-A
2004-164692).

This magnetic recording medium has a ferromagnetic layer formed, via a soft magnetic
layer, on the surface of a substrate on which a plurality of recesses and protrusions are formed.

- A protective film is formed on the surface of the substrate. The magnetic recording medium

has a magnetic recording region formed thereon in the area of the protrusions and physically
separated from surroundings.
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Thi s magnetic recording nmedium has a ferromagnetic
| ayer formed, via a soft magnetic |ayer, on the

wae woac®wsnf a substrate on which a plurality oPCT/JP2007/072994

recesses and protrusions are fornmed. A protective film
is formed on the surface of the substrate. The
magneti c recordi ng medi um has a magnetic recording

;ﬁgi gﬂ forﬁdg?&g@r eﬁ%@%@rﬂ@?fy t he Erot E ugln?aﬂlswalls
thegiehhdheficCIRRY, ddeﬂm?‘iﬁH MVESABTBy Réat ﬂh&&n&ﬁ’ aftPthe Qerffence

rragnetl c donmai n wal in the soft” magnetic |ayer,
cadiasent sigualy. s Thisfmakes ittypsshleto provide wakighodensitydmagnetic

t he |nt rfe nce between.the.adj acent signals. This
RKng @%W Wﬁd}?s‘é hi gh-density magnetic

r ecorme ﬂiﬁbra@@blcld ﬁ‘leﬁlb@ﬁlclﬁdh@ a Pﬂeﬂbﬂbﬁfﬁnﬂﬁ@@dcﬁé ﬁdﬂ@hﬁﬂg a Eﬁ@eﬁc
di screte track nethod i ncl udes a nethod of formn

reqopingsmesiune madeoymefragnumberead tavers of thincmdiandya methpd, of thin

e o BERC e L e ks PR PR By on

tli’e‘ifﬁdmt@ Suirfibd \§f irf £8ia Fifin AE iPWEIEH trk<ine 19 BE foRh&(s&d] forghmple, IP-
on the substrate surface or in a thin filmlayer in

AR 78193 @rd TP A 20041 T894 o r The dormermethadsis ofisncalisides magpatic layer

S TR A0 P o NS e g

npediubhD 1 NEinfohigielial the rmeiRms i) ghan piohe B Ubd aomardinited dufify the
formation of the nmedium Unfortunately, the mediumis
wa@amnm et o tvati eraplieatedu r They latefemethor fsaefienraalied an

oPEOSFR I 1T} DeNE WeRATR MRS forirk ohffined iy e

nmnefienying prévessreldowsver the ﬁlnbﬁxmgi tales beentheadoest afdipromgion Rkapes
manyf acf uri ng process r., t filmformed takes
f ﬁée %@%ﬁgﬁs rRogursand theight of a

flgg%ir%ger 0s thﬁ%‘%lﬁ 3 H Fﬁc&@?%fdﬁgf:dgrg | ng an gomons while
floatimg odler themgpdinead perform ng the recording and
AR SRR A, i S s et e

drs%r@ua& th&fk b}hﬁ? &ﬁorbﬁygen%nﬁmwp%f&nrea etic layer or
‘medi um by inplanting nitrogen 'or oxygen ions in The

imadiating the thagnetmleyer with aJaser (sse JR-ArHId| 562052@) t Hréowengyrthe inter- track

Ry B B e e AR WY R o

féx@éﬂuc&ﬂseaﬁﬂy Qh'n%ﬁﬂiﬁi&&ﬂ%gh&ﬂiﬂoﬁ%ta&%nﬁﬁ& r&afglin blurring when
coersive force. Consequently, an insufficient

infoation i3 amiterongheanagnetie frackiportion.esul ting in bl urring

WhenA method has also been disclosed, which involves manufacturing what is called a
pattened medium having magnetic recording patterns arranged with a specified bit-by-bit
regularity wherein the magnetic recording patterns are formed by etching based on ion irradiation

(see IEICE Technical Report MR2005-55 (2006-02), pp.21-26 (The Institute of Electronics,

Information and Communication Engineers)). n However, even with this method,
disadvantageously, the magnetic recording medium may be contaminated during the
manufacturing process. Furthermore, the smoothness of the surface may be degraded.



10

15

20

25

30

information is witten on the magnetic track portion.

A nmet hod has al so been di scl osed, which involves
worvsfemsuri ng what is called a patterned nedi POT/ne2odMEy2994

magnetic recording patterns arranged with a specified

bit-by-bit regularity wherein the magnetic recording

patterns are formed by etching based on ion

I(.rZE)S atl on {)seerdllggl CE T%%:SHE%%{%%%RE@%%OOS 55 od with the
m@é@édm&d dait IR prdeficihveftonCd a6 Nifckdases hﬁeﬂaw‘:ﬂmg density

even wiith this nethod, disadvantageously, the magnetic

wl@b@nwggr gmdr@yocbengmm praivelentc Ripagior fnthose achieved by
n in oce ur her ot hness
ébl%u H%teg’"@ﬁe Z’gglp ona}_sBreﬁEgn -cgaswefc?roeand

reR@Rfitthipget2Rtion irfdhe mpatmtregi@ﬁ @ themibitnea ko steveht! poksibld hsing
associ ated with the increased recording denS| ty, t he

dyring; BRgnetis, manimen Brisigereasen thy surfaee eqerdisg dpmsity. e div partieudar, for

pr opet{a%{l e eqcurl vzﬁﬁ%@&ogrr%%uperl orbgfogm’('gpecgsgw @"m&“’g@ma

rhdp@eticdayes plefornad o e Ribistid€ She prbsent ivefittinl eliminafes &l idgnetic layer
al sQ reduces the coersive force and remanent

TRRGYIRE FsPaexeaitied; far the conveutional peagpetinlayergRregessingomethusl, substantially

e@%@g%ﬁ%g&ea%gﬂ%ﬁg sur g‘ge’q?%‘%;@%&‘?%%%ﬁMg

xdamil Wwith rethiiced @oritamindtion ,rsiscind i useftﬂemwcarwor&ﬁ@neﬂmm with an
r‘ee@or inglﬁmedl a manufactured by formng recesses and
et feaddpding grogertyagnet i ¢ | ayer preformed on the

; .
PSS, GBS L N A A

maheddahd presk@ ywentonocessi ng net hod, substantially
sinplifying the manufacturing process. The present

i nvention al so provides a nmanufacturing nethod with
hisdbsae er ol ambmat i on risks and a useful magnetic
recording mediumw th an excellent head floating

pr opdhe presefthineention pleddes as ﬁadﬁsf:ispect&xemmfaanahndrfbn méinufabtaring a
above object, the resent i.n entors have. r eached t he

% b Ng ;mtgns on at
QA5 SR Nburfhde VT Tl ﬁdﬁﬂma@feﬁé’ hﬁﬁ@a@%et rﬁ&hcfd' ihSlhdingS M Ghepd BE TiRing a
a met hod for manufacturing a magnetic recordi ng medi um
haguetisdayen gn dhe mmagnegepdustmte; foranget maskr layen rodi they magnetic layer,

@%&é&: g‘%onﬁ%}] eas one face of ap@gng net| C.. rdmg

patterns to the resist layer using a stamp, removing pomons of the mask layer which correspond

to the negative patterns of the magnetic recording patterns; implanting ions in the magnetic layer
from a resist layer-side surface to partly demagnetize the magpetic layer; and removing the resist
layer and the mask layer.

In the second aspect of the invention that includes the method of the first aspect, the
mask layer formed on the magnetic layer has a shielding ability S to shield the implanted ions
that meets: S = (Mitiiia) - MitagerYMitinsa and 0.5 < S < 1 where Mty denotes an amount of
remanent magnetization in the magnetic layer before ion implantation, and Mrt,g. denotes an
amount of remanent magnetization in the magnetic layer after implantation of 20-keV argon at a

dose of 5 x 10"/cm?.
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magneti c | ayer on the nonmagnetic substrate; formng a
mask | ayer on the nmagnetic layer, formng a resist

wo ayen6ws2 t he mask | ayer, transferring negati VECT/JP2007/072994

patterns of the magnetic regording patterns to the
resist |layer using a stanp; renoving portions of the
mask |ayer which correspond to the negative patterns

Che MERRITERE LB AL GIRSAAMGE B BBy Blhd 3 At rosk
lper fohﬂeddﬁnl'tﬁeglﬂ@lbﬁ(ﬂaﬁeh RasiB84paéticGedoftti Rl pattedi forhtidh propétty L that

t he reS|st | ayer and the mask | ayer. Li the second

maesisel = Gt t hem)/hmﬁnd 85 L R&2 whm Ligie dlenokes arvidth of eash negative

p%rrg%ﬁtelltl c yer as i;&g f‘banodl% aeg{ﬁ?ﬁ‘%@" 3%&1‘?%’16%&?33':&“

H‘pﬂnﬁlﬁﬁtﬁﬂn bfthsiohdiftb theRepsetic Ryer viaattemsiof the maskdayer. 0. 5 <
1 where I\/ttlnt] ai denotes an anount of remanent

nagnétth%’@vtﬂbw ttttén%@ﬂétqteclp@ef npstiod obthe Bt aspect, the mask

lét}ggnetl zatt?on n ]%eplﬁgla%eg??fggsfg%gr a #ﬂe{ étg(?lﬁ{(’frq the
godup 20nsisting o Ty W, TatnitAdelBSE6HES i, 5i0), ”ﬂa%sﬁma Md i, V)b, 1SR Gl Ge,

aspgc of the invention that includes the method of
Frst aspect the mask | ayer forned on the

magn i
FEon HE kgl IR o TRAIVL 08l A s, e
ldyenfivimedioh the hiagrhetialager Basa nultdayer gruetver € Lni ti ai denot es

ol e By Bapdef b e Pl g e
e RERG@tdn EdcQbyar RitaBE of M@ 85 %’ﬁne%ﬁ%&t%b%ted from

I'nto the magnetic layer via patterns

th@@up cohsistingf Ta,0lt Mo, HisiNe arid A artdrthe stepwof reriowing theatask layer is a

4% udes the met hod. of ‘the first aspect, the nask
%@P’ netic layer includes at |east

one mms@eve&h @ww%lm&ﬁlmmeﬁdégﬁm&md Bf 8¢ Brst 3 aspect, the

consi sting of W Ta nitride, Wnitride, Si,
nm&@ﬂfﬂmednbthemagrlwclaﬂbrlsmdedﬁqnmalmmgmandthestepof

the.fi ect pof .the nventlont at i | udes the
%‘M’g&ho‘fm?f? ‘%f WW fornmed on

t he mﬁ@&éﬂﬂﬁasb&}/&fthehﬁ&n@nﬁhﬂt Intludes Bte nStHod OF tHE first ak;i’éctt, A€ mask
sixth aspect of the invention that includes the nethod

lawr bﬁ@dfanthq mwgt,cdﬁyer isieaderaf & matggja cortaning8n orGa, lard the step of

e of a. naterla cont,ai ni ng one
speC| e %Jé?)‘{’g‘fre ng%"lgtéep ?imé‘t% g of Ta, W

Mo, T the hiith@aspdct AFthe &ivehtioh ﬂlaﬁh@tﬁﬂe@ﬂle hRHBY bftbe ﬁnﬁespm,Stme mask
layer is a dry etching step using a gas containing F
layer formed on the magnetic layer is made of a material containing Ge, and the step of

removing the mask layer is a dry etching step using a gas containing Br.

In the tenth aspect of the invention that includes the method of the first aspect, the resist
layer has recesses formed therein after the step of transferring the negative pattems of the
magnetic recording patterns to the resist layer, which have a thickness in a range of 0 to 10 nm..

In the eleventh aspect of the invention that includes the method of the tenth aspect, the
resist layer having the recesses formed therein after the step of transferring the negative patterns
of the magnetic recording patterns to the resist layer has a side portion forming an angle in a
range of 90 to 70° relative to a surface of the nonmagnetic substrate. |
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In the seventh aspect of the invention that includes
the nmethod of the first aspect, the mask |ayer forned

woroosiesosrgneti c | ayer is nade of a material cPOIL/aP200mMEy2994

Ni, and the step of renoving the nmask layer is a dry
etching step using a gas containing CO. In the eighth
aspect of the invention that includes the nethod of

mgndb PR YARERReLorR e e el B el Sty st e s

I&gr isoiisllet 3T mitarfal Gired BYTRMHBIRDN A ABSACtiVAGS, ahd the réiisV layer is

etching step using a gas containing C. In the ninth
radipastiverTgys duning or afies the isteje ol transferting-theveaghfiye pafferns to the

[ the mask |ayer forned on the
rragng‘%ru%%tg')glge@g‘ss made of a material containing Ce,

and e tHirkentR hspec 6Tk ift@nfidhehabislidds @éeriethiod ofthélfwelfth aspect, the
etching step using a gas containing Br. In the tenth

W@E‘fer@sﬁaten@afnﬁwmsl on that |ncI udes the net hod of

h f
:h:rel n ﬂon @Ehégfo rans g&?‘?%%m{‘ ega[f";vae't'q-’;léjlnetlc

rpcvidigy and r@fodtxﬁﬁg appgﬁest dompﬁ@sgomd iagnefiefeb@ g mediurh M@inufactured

resi st Iayer whi ch have a thickness in a ran e of o
usyg i meth Qd-ceqrding foeap 9 of:he, fist to dhirteenth aspegis gt seegion that

I
AR e e ol FRE ol 1 € g oFREGE m%ﬂ%e h%?i@‘wﬂsmg g
sdordingsection andsd eprodutig kdvton) mgais formqmgtlemmafc héddgelative to the
magnetl c recordj ng pgtterns to the resist |ayer has a

regegqeticyrrqrding, megiup agd Apromimg ad; repraducing guignak pioeessing mgans for

l{llﬁjgﬂlFV\E\éig?%% asp c%%ga&&e&Pﬁden |og&ﬁ&agn$n§rﬁw§géagtl Ehead

met hdﬁieqfestmmvkhﬁoatcansppwmlb a tnbgnetice eeoartling ayedium mamfﬂmred by
tof a material cured b ation with.r dloactlve

P the mashee recping p e forming; e agheic qrﬁm the nonmagnetic

LBEhR AR MighetibSordiht MBfurk enasﬁﬁ e ity b b
transferring therﬁg%atlve pattggtpns to the resm%tol gyeg?]red’

haging gn exvellest capphility nf separating ﬂletrwmth recopigngt patémnst firan one another,

| nvent |t€n thﬁs&h%gsletj byg'gﬁ & gew?)f thept@ilgﬁlfra’é}the
ﬂ&ft&ﬁseﬁﬂd éﬂéﬁﬁg“‘éﬂ &QelleMt bDRIng IR PRPerfS Theprb@iihRAfntan also

aspect thereof a magnetic recordi ng and reproducing

clipiratedbansedribe followig sterts @Om@m@cﬂ@messglg mesttiogywhich has
AT T e e .

subsaguesdi’ th §é} aftPg Sidbdqient S§P6-BIYINE GcHéd-dwhy Portions to form a
recording direction; a magnetic head conprising a

commé@wmmtwlh@@ﬂsﬂ@m ectividtt i on; means for
oV 'i«%nﬂ@:%or@ﬁ@%%uc rgc% reI gtepro%uct:u? etlpli])gramsmawordancewnhﬂw

present invention uses the magnetic recording medium in accordance with the present invention.

The present invention thus provides a magnetic recording and reproducing apparatus having an
excellent head floating property, having an excellent capability of separating the magnetic
recording patterns from one another, and preventing the possible adverse effect by the
interference between signals from the adjacent patterns, thus offering an excellent recording

density property.
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magneti c recordi ng nmedi um and recordi ng and
reproduci ng signal processing neans for inputting a

wGe2@aabksn t he magneti ¢ head and reproduci ng aPCDUR2001/072994

signal fromthe magnetic head._- The present invention
can provide a magnetic recordi ng medi um manuf act ur ed
by form ng the nagnetic recording patterns after
é‘%g@l n IQS netic layer on the nonnmagnetic
ion of tic recordi ng medi um enabling the
st abiFlG.t iisof schémddic fViewakioRhg! the BRtHEAS e dTAVihaetR ecording
excel | ent capability of separating the magnetic
raeelivat 8 agrgrdaage vath the pesentingentiomnot her, preventing the

pOSSi adverse.ef.fect by the interference between .
C on e % P 8RB St Slawioe A PPt Y FrariRetifter Fpageiyeconing
Reda @1 ih @ftordame Witdl khie@red@iimidniodr operty. The present
invention can also elimnate the need for the

f ol | &Up-riis ersehpmnatic wewtilustrating ithet opfigueatien of2 megnsti¢ regording and

L.ch. en .consi dered t.0 be very
r%%%%??%gﬁ%@@pgggig%ﬁg?w@gﬁgw§ﬁ6uy o'hagnetic | ayer by
dry etching, a subsequent burying step, and a

subsequent step of re-burying etched-away portions to
BegtYiodg fericarpring oyt the bentipR’but es si gni fi cantly to

enhapg] V]t t -he t .
Feco g deanfprR Gt bafet ot IS AR Bl FRARRCdfoping
thedinp inesveditiancd) with ttheOpresdteifiventivh, BReVagiof @ diseeeriighdic recording

medi um i n accordance with the present invention. The
@an e3Pkt i on thus provi des a magnetic recording

and ERPrOgHGS Bl SRR 3 8Y ) Hﬁcrﬁp b r &g $Aum as an
floating property, having an excellent capabiPty o
exame of tha gresdne invergiont | Thermapaétidi regrdivgt medis iff dcofdaiee with the
anot her,. and preventjng the possible adverse effect b
At foenapR &smﬂs@tm Y agioamasneticsHbsrate 1 %yp srfiapagneticlayer
B At IR, e B JOF o Paght RaferRIpfiRiShiin, 2
nanpagnetivalayec 400 end 8 potéctive fillvelager S00.0 i llubsitating filon €nad fshawn) is

etic recordi medi um i n. accqQrdance with the

fg‘%&gﬁ?‘em\?@%ﬁ e IpAgpeticsecp H&matic view showi ng

a Pr eeARSmAYnetTREe Mhﬁﬁn%&ﬁ&%hﬁtﬁﬂk%ﬁ%fﬁﬂﬁg%ﬁb&'ﬂf&e
in accordance wth tthe present Invention. G s a
presént maerition, wheomagnkticayter 300 with thémagnetid pagiemsiprieforablythassa magnetic
magnet J di ng and, r eproduci ng. a t in .
PORRR P Wes Tt i oS oo g G ot g s in order
16 MEreast e ré@brding Béhsity? v AMbd #ack pitch P (= W + L) is 300 nm or less and is made
as small as possible in order to increase the recording density.

The nonmagnetic substrate 100, used for the manufacturing method in accordance with
the present invention, may be made of an Al alloy, such as an Al-Mg alloy composed mainly of
Al, ordinary soda glass, aluminosilicate-based glass, any of various crystallized glass species,
silicon, titanium, ceramics or any of various resins. In particular, an Al alloy substrate, a glass
substrate of crystallized glass or a silicon substrate is preferably} used. These substrates
preferably have an average surface roughness (Ra) of 1 nm or less, more preferably 0.5 nm or
less, most preferably 0.1 nm or less. '
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Specific description will be given of a nethod for
manuf acturing a magnetic recording nediumin

waecwsnemsre with the present invention, by wayPOF/JR007/072994

di screte magnetic recordi ng gredi um as an exanple. FIG
1 shows the sectional structure of a discrete magnetic
recordi ng nedi um as an exanple of the present

i nvert ] on The, nagneti ¢ recordi ng. medi um i.n _accordance .
w1 1 eI SR G o S BT RetnAhdif SRRERE B8 6 in
phan® BASRYE flobrding 14bé& tor avertidD hagrticRbdrdin@ Gt | Howdieto ahive a
Internmedi ate |l ayer 200, a nmagnetic |ayer 300 Wit h

ererpagnetisr ©rerding, layen ifnpierably wsed er These
4

e ter e Ve
e e oRinB B 5 bl el e PR BE L0
magn&bi exarfile, @s slinAgheticredording liyef fof the inae alapfetic Q&ﬁgigg igxfgdium,

medi um i n accordance with the manufacturing neth

2 pskedsrucipe may,be Hed avhich dsymadeaip e 1 nenmagpetic GO wrderlayerend a
mgl J: ”ﬂ% rably has a magnetic portion
W 1}%%%%% n %FL'B&%SS and a nonmagneti c portion
Wi dt As la n@ignetio fecoiting laydrdisrshe vertiodl dignétio récording aeiuin)iis possible

recording density. Thus, a track pitch P (= W+ L) is
tabs, 9ReEmplecs dacket stugurg pfie bagking Jayen magde opg sof; agaeticFeCo alloy

A8 LRSSl RSP AR gy e e
ontht lilce), ai Go alloy(@oTars(CoAMNB CdBe thilike)asnd,, an brieptatibrosontratikm made

o B St MR 5 it A e mymale R . anda magnei

1@%;4&3%??6@%1@5@%%8 oPIRSSCra -1©§idgt91|i ous

i ze ass species, silicon, ani um
cer afthethicknessof themfagnetic reoarding lageri360 is betwpar 3 rint ald20 nmanclusive,

Al. alloy suhstrate, a gl.ass substrate of crystallize
iy G ST S siuBeiiiee e DR eorre St man o Damed
s8 HPR pFAt R SufBEigh REARARIpu 3NV Einfills BUSloRBRceSMIN tRCIBNd of the magnetic
roughness (Ra) of 1 nmor l'ess, nore preferably 0.5 nm

abloy dnd stackedsictureruséde r 3b prpvide drieastespecified sutfite during reptoduction, the
| ayer .formed on the surface of the nonmagngtic.
A Bty et o PR 1R HITAED A SBET B Gickngger On the
offfer RandSfifiel Gahles R PARMmeers! iRGEHIAS Mk TeBMBihg ahlP\WE&Hucing Properties
achi eve a high recording density, the vertical

senciily dpaseasewitly inereaging mpgmitudesofipuipirs padithereforedh magneticdayer needs
netic recordi l,ayers are preferably fornmed of an

t(gﬁgsgf}o fh,a&’ﬁﬁ%%@ﬂmﬂ{allﬁ'ﬁlt@ékg?ss'@. For exanple, as a

Ma.g N Geheially Ahdnskingtit récaddaig Idyer'is fofified 28 a RlirbflR bg@ﬁmamgc

recordi ng nedi un] a stacked structure may be used

whi cAhe protegtiye filw layer 5SRO isdermed e thesudtacr/of the megriets seordingjlayer.
The protective film layer may be a carbonaceous layer of carbon. (C), hydrogenated carbon
(HxC), carbon nitride (CN), amorphous carbon or silicon carbide (SiC), or an ordinary protective
film layer made of SiO,, Zr;0;, TiN ec..

The film thickness of the protective film layer 500 needs to be less than 10 nm. The

film thickness of the protective film layer exceeding 10 nm increases the distance between the

head and the magnetic layer, preventing the output and input signal from exhibiting a sufficient

([ =]

intensity.  The protective film layer is generally formed by sputtering or CVD.
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ferromagneti c CoCr Pt Ta magnetic |layer. As a magnetic

recording |layer for the vertical nagnetic recording
wore@s0mostt i s possible to use, for exanple, aPGl/aRNKEU72994

structure of a backing | ayerg nade of a soft magnetic

FeCo all oy (FeCoB, FeCoSi B, FeCoZr, FeCoZrB, FeCoZrBCu

or He Iike) an FeTa alloy (FeTaN, FeTaC or the

like IIo CoTazr, CoZr NB B or .t e [ ik .
et c. )I“ n'lea h "OBTRENEC Mol ﬁl% et tnagnetic
rNtoﬁ'm tfdcl&?&&vo sipingl, paﬁidpdrﬁonﬁ @ffithdgélic rédardingttis ﬂ‘&ﬂloﬂé hother are
film rrade of Ru etc. and a rmgnetl Cc Ia%er made of

figryeed by Bxglantingionsin p gpgnstic layrcalready fomgritg epize:the mggnetic layer.

300 i.
TS g KOS R iR 6kt S RS MolbBbn 1Y (e ifergrack
regiori 6l the Mitiiumne iptésény Possible lurft@ B mEGeRY xéwﬁﬂng ayhé method
may be formed so as to provide sufficient head out puts

@W%@@@memmm Hensiagnet i ¢

al | oy, |

spec.%ﬁn%&q%%?&%@%ﬁ% i i -5 a0 i by

in@iasting @S gartly i thensgnaric lﬁ)@ﬂ@tchzﬂlgéiﬁﬁé b@rstﬁl str@ie¢ ofthe magnetic layer
netic Iayer fil mth| ckness. On the other hand, the

1 shmigae dre ribe TREPECBYER o AllsEaine o i magnetis deyer may be

eloR #S%r@gn. B BB RS el SHEERE P By ot iyer

amgphots. ¢ Hey emalinedise hagietc dafer tamolphues aRasp iriakign the latbmic
t hi cknes Generally, . the ma etlc recor di ng I yer is

yrangemgnt ol the wspcrlﬁxeﬁmlﬂgpset eﬁgangmsm ~Asge order.

ﬁé%"sne%.ﬁ%ﬁ' 28 e PEC g ab O e sl gt e
soethat lecracrystal lgains ©F eizs leksathar 2 afm aardndemly Gjranged in the layer. The

dr o??(ynat gd car ?%&%@%&%&{ wr&y%on or electron

&lﬁ%ﬂﬁﬁ%w@ dé@poilﬂlh%!ﬂo ?inm%f 208,
Ti N etc. %ﬁg&gﬁmth ness of t he ﬂ{yotetlvefllm
| aye WigOreferenceds FiGo2,ttke desesiptionvalhbelgiven nf thdmethéd fommanufactming a

thlckness of t ote |vef | m| ayer exce 10.
o gt e PIFSETT (GGG, Lk Brésent invention

pmuwtal ﬁleth@d/ ®r mfuS YRR aqnégh&cqe@&aﬁ ﬂ{é&uhﬁﬁdﬁn Singghefically
fromexhibiti nrglea sufficient intensi ty The protective

Separate magnstic fesordiag, @atterTisyont ah leass dnp yurbipe of @ mprioagoetic Guipirite, the
Rr gsent i on nme rtions that

R e A T A e By & g R e wbge L
sfop @ G fori la @bk BRS B bRTHE mAsiCREN2 slep OTE foPhfig B Sestt 1Ay&r 4 on the
fromone another are formed by inplanting ions in’a

mask hveri % %P@fmmweg?@vmg&mmm regording: patterns to the
r@&ﬁ?& '4?151]12”‘5/ sz;mp 5 (bold arrow in step D shows the operation of the stamp 5), step E of
removing portions of the mask layer which poxrespond to the negative patterns of the magnetic
recording patterns, step F of implanting ions 6 in the magnetic layer 2 from the side surface of the

resist layer 4 to partly demagnetize the magnetic layer (reference numeral 7 denotes the partly
demagnetized portions of the magnetic layer), and step G of removing the resist layer 4 and the
mask layer 3, wherein the steps (A) to (G) are executed in this order.

The magnetically separate magnetic recording patterns in the present invention mean that
the magnetic layer 2 is separated into pieces by the demagnetized regions 7 as viewed from the
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This method thus reduces the coersive force and
remanent nmagnetization in the inter-track regions to
wo b@sisgsrum t o prevent possi bl e blurring duriPgr/JpP2007/072994
magneti c recordi ng. The net hed-t hus provi des a
magnetic recording mediumw th a high surface
recordi ng densi ty According to the present invention,

'npls'%%?’?ﬁ e %’rr% mg‘ﬁ‘rém’nég% et'@f“‘t‘g‘ s Ran [t is

frbadedilys the Imaghetitl e 26s SparktBEintoR e ds 6}1e{)v@d/ £6m ke front surface, the

elimnpate the magneti sm of the magnetic |ayer.

ohiiecieofitherresent ynventing canghgiaehioved evey svherihy magnetilayes A ds niog segarated

Rgrt yer 1o
mk%%?%&%’tet{’rgrm?a?er%mr p oulér%%eﬁéuge#aﬁ ‘ﬁ% PPt of the
RGaRhllyC sdpaier 0 Foording BRaféns TR Fusit@nhdie, e Qidghetic recording
arrangerrent of t e magnetic Iayer |rregul ar so that

ﬁ@pr@emawgmpam de wiatr is called @ patterned medium

% rﬁaﬁ%%k f %"."ﬁﬂﬁme nmag ne%g %‘%édy e‘?lhlg%g g) bt Bj%i% regularity, a

xmumnm¢qu;ahg@mamﬁ&mmg;ﬁmm&zhﬁm@anﬂmnbdammnmahﬁamigxw>mgmﬂ
randomy arranged in the |layer. The magnetic |ayer is

‘m ned to have this atom c arrangenent when X-ray

Cor 4 SR IA® finBAGHE o PP 1 Ffdind BB e presn

mehﬁcnr s sprefoiiililin applied rte acdisciete Magnetic’ rechrdibg ARl hivig magnetic
. be given of th nmet hod for .manuf acturin
fﬁfé’éﬁ Wg%@g neSPQBding fealpﬁcreagmcﬁl%t §gparate magnetic

@éoﬁﬁ:fggfa%téﬁkvent' on The present invention provides a
nmet ho or manufacturing a magnetic recordi ng medi um
havi ﬂgﬂﬂmgmectohwﬁdnw smmﬁ‘acaniﬂg maathod) the metlodr f3f mgnufacturing the
lg%jgternsggn | east o sgmtl e of a non net i

& e s ﬂnjpgm IReBon FEAR e gep of in
B %th@nla@ﬂ&& reoriflg BRERETidcEs, n‘gwgnetl&l C%E;%ratmg

1, step orm Ag a mask Paye 3 on the
thexpagneti; regarding Riterhs from wheanother bysdrg etching; stamg pagessihgor the like.

sk | ayer ste D of transferring ne at'.ve atterns
ke sl o e as e A e R i and

4 m&wﬁmﬁm&&b&k&l&a wv etcing (o bhe %a@hmuh heFurthermore,

operatl on of the stanp 5), ste E of renoving portions
fon ganufagpusing e rnagn@@rrece rmledmn mmcqn@gea W\ﬁeﬂle present

'R%Bﬁ%ﬁ?s‘?sn% ¢ ik BTSSR IRt i o fpan

1§1hsCiBr forhing @R BAgntateredobding atthﬂy eIThi4 ificPealtlthe dimber of chowes for
netize the magnetic |layer (reference nuneral
FBdSt a0 e piloed 55 vl s making P 6 esmoNeNe abily o sied
f n h esi s
PRSEh oy b heHeBBenC1 e, | TRk Sk bRl rpopcins

[(a@mﬁfoﬁn@(a&é tHue Gprovedheér@abling Gereduction in the coersive force and remanent
magnetization in the inter-pattern region to the fullest extent and a reduction in blurring during

magnetic recording.

In the method for manufacturing the magnetic recording medium in accordance with the
present mvention, the shielding ability S of the mask layer formed on the magnetic layer to shield
the implanted ions meets Formula (1) below:

S = (Mirtiia-Mirtages) / Mt and 0.5 <S < 1 )



10

15

20

25

30

The magnetically separate magnetic recordi ng patterns
in the present invention nean that the nmagnetic |ayer

wQ2008/06®par at ed i nto pi eces by the demagneti zePICT/ERPp0GIE2994

7 as viewed fromthefront-surface of the magnetic
recording medium as shown in step Gin FIG 2. That
IS, provi ded that the nagnetic |ayer 2 is separated

ec vi enwed ro ur f.a he
1R Biefing 36 s A RRerhiTA 235 g aR 5 b gt the
anfoant dffiemae@nedgnetizhtityiah thé mapnétet fildetefi@iod Gmplattation) @ Mrtue
at the bottomthereof This structure is thus included

depotestiee amoHRt Opfemaent Megngizatinadn b mpgneteiiayaerimplaiationiof20-keV
a.rr%oﬁ%f Qh&g oP 3%l 1BMRG2 . il 'il}egfés%g ﬁn%entlj(o J‘?%Ié%ﬂh% shlnl{hng ability S

ording patterns in ac nce WI prese

simaliee 1thano0)5 iprevéritic] the WhagineticSregions! fasin deipg tsifficiatlyl soptitedfrom the
havi ng magneti c recording patterns arra 1g.led t her eon

RNPRENEHCSISRIPNS] Mﬁwlymﬂ% guthe hyghylikelthopd gf wpelear magnetic

F@%| nged t hereon

[ e'tracEE? an @grge\[l/lgédg?lem '&‘g%@‘éfﬂsq In view of the

sinpﬂdﬁwnmﬂwuﬁhnmmmkmmmmﬁwnmgmﬁdummﬁmgﬁmﬂﬂnmmaxmdmmeumhﬂm

process the present invention is preferabl appl i ed
&e@%@ﬁm@ns et@ffbfpwgm%mpm gask layer formed

dmrhea?. @gﬁ&‘ﬁ and servo signal patterns
corre poné&ng to the gnetlcally separ ate magnetic
recordi ng [at@ek RSk kel @ e <o@nvent i onal (2)

nuf actuyi ng net hod,..t he, net hod for .manuf act.urin the
Iﬁ&"ﬁ@%@ f-«'@sg &mﬁeﬁwg@ae ewa&rﬁlweo g pattern,
|déﬁl]§%1
iﬁggﬁg?%gggﬁﬁyggggpgyﬁng the magnetic recgﬁﬁmﬁg‘gé??é?ﬁﬂ“

rmneucdayen vigt the paliemeen the hnaski layat. | )Iheeqiaerd‘lthengpgndme reoordmg pattern
etlc re p terns froma anot.her
TR RTOPeCY b B RS oS S0 E TR LEESF RS o rpeined tack
W %ﬁaenﬁgeoummg irf th€hiSeEHOBE SfthGifitedEEncEBANE Hife adjacent
recordlng medi'um surface and to reduce surface

twdkst aiedewdr bmit oftbe vallieaf thd magnetic mdhngfignmuom prepenty gmsﬂ. ic

fllmtg%ngg%%gore! ﬁtgeﬁé% tu“a(u%) cewiththe

plidsert Biéntibr) HRMiasIORyer Ftfed dihd Tsdh E@feﬁsg féthed 6 material
magneti c | ayer by sputterlng or the like to inplant

qomgmg dleastonespagestsplectedefiprethe grovpeopsigingof Tratt &2 mnde,w jnigride,

eﬁﬁ?iegg fﬁb%ﬁg§isﬁqggeﬁfﬁg§? gﬁ |als %P@E?%%Sﬂw

dnlmésmeﬁt bihthe 3kielting Vabiliy S lof ﬂiedmasla n@eid\/faﬁﬂudldm@l@fee ions and the
implanted in the nmagnetic | a L The propertl es of the
ﬁ%ﬂ%b

magg%t Tegordlipg; Gl dorptione p neld ther maskh layer; nffasewer, these
r ermne% éﬂfyeg&%& IeraI}) Qd{l&eUSﬁlgear Mﬁ &&r C’ﬁnsaglgkes it possible to

reduce residues and thus contamination of the surface of the magnetic recording medium in step
GinFIG. 2.

In the method for manufacturing the magnetic recording medium in accordance with the
present invention, among the above substances, As, Ge, Sn or Ga is preferably used as a material

for the mask layer. Use of Ni, Ti, V or Nb is more preferable, and use of Mo, Ta or W is most
preferable.



10

15

20

25

30

magneti zation in the inter-pattern region to the
fullest extent and a reduction in blurring during

woragRees4082 r ecordi ng. I n the nmethod for nmanuf acPCr/irego7/072994

t he magnetic recordi ng nedi g Ln accordance with the
present invention, the shielding ability S of the mask
| ayer fornmed on the rmgnetic | ayer to shield the

i mpl ed neet.s. For bel ow = .

o Bt ot o R i i Pt e i apgpptance with the
hﬁ%ﬁﬁm@%&wﬁwm§ph&dﬂymk£%ﬁ$ﬁﬁﬁﬁm&é%8Eﬁm§ﬂﬁé&ﬁdﬁhha

Formula (1), Mty i denotes the anount of remanent

m@n@hmgchmmm tﬁlheuumgermblwﬂﬂq &Hn%m@mmwmchaﬁrstmask

a d Nrtaber d n nt. of
bRl fe st B RO g o ke tre
foRtiensalsb@nd ﬂ:ﬁskawexar myaﬁhbawe% pacﬁduémafy 1%%@&1;& it

2. In the present |nvent|on t he val ue of the

is prieferatiie tjuse buﬂad@ waich thedinst mask layes isanads of Nieand in which
neti c .r ns fr ing sufficiently separated

tpa%fﬂ"flﬁlgsl?]l EHS??WP% ons, di sadvant ageously

r €S ulrs th8 eheihbd ﬁ)hﬁlaﬁim&nh iﬁshiagee@lre&frdmglﬁb&@h il @RE@HnbSwith the

patterns, The er I|n1t of the value of the ) .
PEOSPTE nypiign.hy yes forzned on the magretieriay¢rdtimadgrof a material containing

a cor%ﬁ(ate W t-h’h]t%h A]seéledcdt] S%eﬁ\?eﬁéfl{]ogmmagl sk nﬁ‘ﬁ?{éﬁ dry etching
stepasinglh B comhihifg R fmnwth@mmﬁﬁ@mratm lgadif pitcfefublyasdd as the gas

Iayer forned on the nagnetlc | ayer neets Fornula (

 These s, alcay i e ser i, b Simienth ryieichl ardymake it

r
S R 51 BB e e
diahd magnetd teecsrdmgmieammat Farrexarhple,dfa GRyteas ishsedodigetck a layer
| ayer via the,]gatterns on the mask | a er The val ue of

qowe% daeli Morlé NhrasiAsgheseleramts crpbe gasifiedintg Tafse Wiy, Mo, TiF,,

q ecording width larger than a

pre etern?ﬁa%w%?ggﬁﬁﬁ)%th, di sadvant ageously resulting
in tﬂmﬂhn@ﬁm&ﬁkehmﬁnndm@ﬂwhhgmhmmﬁmdmgmmﬁmnheknm@mmdﬁmhﬂw
ad acent tr cks The lower limt oiavthe | ye of .the

reR ﬂ?éfeff BFIeA On the MaRRsE fayer iy a materigl Gpntaining
NECARTH 46y of ARG ey 16 BSOS i B A1 oG 0D or

ance with the p esent tion, the mask

WQw&mmgsmpmmmgmnddmmmmmwnmgEMKavdr'Hm(ﬁbgﬂemwﬁk%ﬂwrmakkwa
SR a5 T SRR B, R s
;ﬂisﬁtﬂé Q@edu&/ I’B:ildlké I@ﬁﬂtln§'ﬁ’0m e%ﬂ]etaﬁ?g% wellgs ooMﬂmmIﬁon of the surface

ese materi al s enabl es the

Q,f rthﬁameglmrec@ﬂmg medmmu eFQfI wiy etehing,i thy CO gais enghles rseledtive etching

e\{ner il tlryid%ogamﬁlaﬁnt egxchgoesno ng twrgltheetchant, such as Co-, Cr-or
Au-alloy, is appropriately formed as the underlayer of a mask.

In the method for manufacturing the magnetic recording medium in accordance with the

present invention, the mask layer formed on the magnetic layer is made of a material containing

Sn or Ga, and the step of removing the mask layer is a dry-etching step using a gas containing Cl.
The gas containing Cl is, for example, a chlorine gas. The chlorine gas enables the mask layer
containing Sn or Ga to be converted into an SnCls or GaCl; gas for etching-away. The chlorine
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magnetic recording pattern formation property L of the

mask | ayer. Moreover, these substances are easily
wet@ho®oBy dry etching using a reactive gas. TPOUEJIPAKEE2994

it possible to reduce residggs-and t hus contam nati on

of the surface of the magnetic recording nediumin

step Gin FIG 2. In the nmethod for manufacturing the

nma record iumin accardance with the

5 S8 el JEEREA o TRl RS e 2058 o ) S et s

e%ﬂtaﬁnha@ldfﬂxe&hﬁb@éﬂwmhgh&e%c@&nglnmﬁﬁ“ al for the mask

| ayer. Use of N, Ti, or Nbo i s nore preferable, and

use dnthr/methvéf%rnawﬁ@meﬁp n}@g@ﬂemd@g mediem én aeeqripee with the

Bt FRBH iy R g P e e el ppaiing
G¢, ah®thaRiey of AnoRin F‘M\etmdsm‘@ér 1§hrdi$ﬁét¢1'ﬁrfg st@\»iﬁﬂgwl ccﬂltalmng Br.

resist with a snall etchlng selection ratio,

AL 05 examples alromaing gas. omemmm\gasmﬂblmhemaéclayer

d‘|r(3)roce§seg‘JS< %X‘?%tedm%ﬁ%{fof)aye atvHgt L@%Ibﬁ&sef%asalsomk%

itvpdseible he rddacemesidues resiilting e ¢Hectiryreshking ay ®ell 89&onEiminatidti 6f the
contributes to the productivity. For exanple, it is

ﬁyrf@qeef%meg%cree@%emed structure in which the

IfT;i; it ay e ri1s W%W%mg%ay}w%ﬁﬂréwﬁnﬁ Jégor&&%)% the

presat irsvesition, thethickiess 8 the rdcessesarothe abiist dayersthesulting from the transfer of
t?l\ccorolance with the present invention, the mask | ayer

Reg@tye pRtems Of g Rgnetic recering patiemp i the istist Jayerd, éhqwmm step D in

Ti
02> SRHIPBAAD ] o sl Mtive | WHARNERIAS: 8 i e
mthepesmslayeg43vgmmtlmmlga,mmgﬂEsteﬁefﬂcﬂmgﬂtemlﬂaymBlslmmmstep

as refe used as t .
Bah %? ﬁé&l@ E FRpe H'E"f’mfg kfrqnaﬁaegm&oe%%lmg the
eﬁ&b&hembk me%aérd CAB ST Bk Sk 1hyeP RS SidM ﬁnv\;é@tédqgfﬁ%d the
residues resultin m the dry etch| ng as I as

m@mmdngmmiﬁUMosmpméoﬁﬂlenhﬂ(lmgnetl c recording

| e B o P g o penci oo egtu  sines withhe

ion2fhe RFI0 8K b rQeksdddide pbition ’OY‘EIC’ reiﬁ@ Ex from the

NoF or AsFs, respectively, for renoval he net

trapsferrad m@fmgﬂﬂm paﬂﬁgms h%th«mwetxq r@oqr@@pa@ﬂngtqthanewﬂayq, shown in

PEITRETE b e R e Sl Sy R e Dot

mamaé Ptiod ofﬂertasmt i&?er%t»ﬁﬂmmus iR Gt thdRep BFetechih@ iR mask
is dry-etching step using gas containing CO or

layer 3 shown in step E in FIG. 2, theedgeofthemask layer 3 can be prevented from sagging,
enabling the enhancement of the shielding ability S of the mask layer to shield implanted ions
and the magnetic recording pattem formation property L of the mask layer. The recessed side
portion of the resist layer often constitutes a curved surface. In this case, the angle 0 to the
substrate surface is the angle 6 of a plane obtained by averaging the curved surfaces.

Preferably, in the method for manufacturing the magnetic recording medium in
accordance with the present invention, a material used for the resist layer 4 in step D in FIG. 2 is
cured by irradiation of radiant rays, and the resist layer 4 is irradiated with radiant rays during the
step of transferning the patterns to the resist layer 4 using the stamp 5 or after the pattern transfer
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wet - et ching step using an etchant containing nitric
acid. The CO gas enabl es the mask |ayer containing Ni

- Wo eoobeewenverted into an Ni (CO 4 gas for etchpPOyIeanan072994

The CO gas al so nmakes it posgi ble to reduce residues
resulting fromthe dry etching as well as
contam nation of the surface of the magnetic recording

B9 nf Tyt ite el dr s 02 yBp 3o e pmd o

HORSst AGér 47 eTls, dikihgdtht 88 sTeehiAdthe nﬁs;kqtyelaﬁas%wﬂ ifrstep B FIG. 2,

Au-al |l o is appropriately fornmed as 't he underi ayer of

the ms Rf the mask-layera chrobe pre\renmd\ﬁqma@gmg; wgblmgehqmgamem@t of the

(Bl Sl sk o 55 Bl it i S G o g

Pro Bértyal. BRIHRY madk 16RAt qmelrm@fhymn §ordaRe withethe present
step of renoving the nask layer is a dry-etching step

IpMENiRR 3k @@gommm Wﬂvngm @lbroatf lxensey aush evhratiiays, vigiblerrays, giltraviolet

R R, Gy B PR ol o Bt e o o

dxﬁlhlﬂe ad) thiefthdskttify r@%rth&a@rraﬁt@tﬂ AJulivdolet diifis resin for the
chlori negas al so makes it possible to reduce residues

letRyfg fromthe dry etchi ng as wel | as

o e o8, el T Pfihciig Y PRAAER S el i

dcedanet with tneﬁresem ihventisiCexedinn @ flioiingt ficoesiit6 alRAM the shape of the
[ nvent| on, sk Iayer formed on the netic Iayer
sraelpﬁ% pdip thegesisblpyer.n Pudag the step vﬁené

ik aﬁtﬁﬁn"g?@é S ok Safly W eGP R B?dt§meamgm

Ieye el resist Rydpriotiernieradiated with the padiani rays xglasﬂleﬁtﬁhlb pmsted@amst the

m;lsr | ayer cont.ai ni ng Ge to he converted into a GeB
gt layes ‘é’t“éﬁ? RSt dayen dthrestampcwam@cb g the gesislryes 1io iradiate

etc |tr%&§étﬂ\5\}{/§ i agracont am natiron o%é Re és)%g:rl%tﬂgerq{ p?sf?gleto
useg) metlhod:ofnmhmdg thg remetdayenmth mdmﬁteaynﬁbimmh sideropposed to the stamp,

R e o ST o TRl B o st
rafiant R§s &epseaﬁeégh | 0d irRBiafipthetesidt &rwith tﬁ@l%&l!i ré}gﬂ%&% stamp

the tiransfer of the negat Ive patterns of ghetic
sidecometherdyoffisrediating thetresist fagerrvaith radiarit saye frovh, thes siderof therstamp or a

R o1 i s sk ffeeRscioh bl R Eh SYRED W g o

ORR thradiBd @6 redist! 1@&%@@% $ay§ BEE basH b heafrahite ﬂ%hﬁﬁ e stamp

of etching the mask |ayer shown in step Ein F

mategiabordhe wibstraice Inepaiticulary the netlvdrﬂorbmnp@mmrgn@magmm recordmg
S i 0 ablin he enhancenment of,.t he shi el di

@R 5 accSRRE v, g presHy S EET TG (st 8t ceP Dpteral, an
wRfiolel Buring resin, such as novolac resin, acrylic ester or cycloaliphatic epoxy, and as a
stamp material, glass or resin which exhibits a high permeability with respect to ultraviolet rays.

This method thus reduces the coersive force and remanent magnetization in inter-track
regions to the minimum to prevent possible blurring during magpetic recording. The method
thus provides a magnetic recording medium with a high surface recording density.

In the method for manufacturing the magnetic recording medium in accordance with the
present invention, the implanted ions are preferably at least one species selected from the group
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magnetic recording pattern formation property L of the
mask layer. In the nethod for manufacturing the

wora@Rees4082 r ecor di ng nmedi um i n accordance w th PEEIP2007/072994

present invention, the angl gsg-of a recessed side
portion of the resist layer resulting fromthe
transfer of the negative patterns of the magnetic

0 Wy t h es r [ t
BB DY SR A Gl Bl 35 ARKEL Y BE M8 at S more
preflaslily attl@stdue pacies. selsiiedfrontthe gog) @nsistg of it of BCR S 0N, H and
side portion of the resist layer _is wthin this range, . .
Gierrthe gouprransitingof sans gt Jipin,{oe, B ArdrsKe and Wy mast preigTaply ighs of Si

R.Ein FIG 2, the edge of the mask |ayer 3 can be
prevented from saggi ng, enabling the enhancenent of
t he $fithesimplantgd ahs dré ibys dBOadr N the effstdf tHedniplantition Biovebwling to the

i npl ant.ed jons, and, the magnetic recordi ng. pattern .
&Hftr%.@dw e$tayd IN-gFavingca pgRetipation staterinathe dnterdagky region.

i r:ki 0 i r . i . . g
R o o T R R L O R PRI K Sr iz
enheneihg #ieccoasivé fore in Shet inter-tavk | regien ©f caasebhariey whdnainfoadation is
by averagi ng. the curved surfaces. Preferabl in the |
HEERBAS Ha‘fi‘d’e’f‘lﬁ?i ﬁ'amlﬁ ARSI %W

c I o,
R BRfaRs K b RS URTCIRR) of CUTITY bRl of i gl ayer and
make ¢t niagnétic layeli andrphousds is dwbee anthe casgy svith dhedmplated ioss wsed in the
IaéE{nf is irradiated with radiant rays during the

PUPR ansferr | ng the patterns to the resist |ayer

4 USiif@e pla@nSih@ATOnthe fondfnhyebe ipRntd intthd Etféﬁé}feﬁﬁe?dr@&
Thi s ma%uf acturi ng’ matohod %%1\?5 t he shlg?)é[él of “the after

the paotpctige film ipformesinmthe redgpeticilayers f Hithegdn implantationrie pérfotmed before

i S e R TR arolsve i i gy foppe afer
theisiiniphyi@fions can be prevented from saggi ng, enabling

the enhancenent of the shielding ability S of the mask
| ay en the presentanventionptheionsate preferablyiniplanted inthgmeagnetic layer after the

recor drng. pattern . formati o ropert . of t nmask
A0 s et o ehe iRy OFHRL i dipftands e FB o fo the
protaceive filfafier e haGblaRERE EhPLEINOME famfacturig PRddess © ThHR.is also

such as heat r visible rays, ultraviolet rays, X

cRbgiire dor aphssiag g, BrockRutynendeieRuing comteinpton, ding the process of

' [@gi ;M' ' ) is, for exanple, a
r%lzklerrmsgttﬁl ng ?‘{é’g%‘%%r"{f ﬁe‘ heat rays and an
ul t r &vtheinglantati dftheli@s byioh béands/ e iohd aréivtiplahted in'tidifiagnétis layer

particul ar, the_nethod for manufacturing the magnetic
usieg @rampgTerily) avaHable o amplaniern cla thy implantationpfdhe jops m accordance

SABEP FOSEHL 2 ST AP 2o e

layesinghe deptiidirectibhutherasf sb that asdestgin arhount effusdnesrard digritiuted in the depth
atter )
d?rection oP tie magnetic layer. However, an object of the implantation is to demagnetize part

of the magnetic layer in which the ions are implanted, penetration depth is not particularly limited.
The ion implantation depth is appropriately determined in association with the penetration depth
by an acceleration voltage provided by the ion implanter.

To remove the resist layer and the mask layer in accordance with the present invention, a
technique, such as dry etching, reactive ion etching or ion milling, is preferably used. In
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to the resist layer 4 using the stanp 5, the stanp is
pressed agai nst the snoothly flow ng resist |ayer, the

WO e@BAt908Ayer is then irradiated with the radi BOT/JP28YR072994

wth the stanp pressed agai Agt -t he resist |ayer to
cure the resist layer, and the stanp is separated from
theresist Iayer To irradiate the resist layer with

5 o P OB R BAR o Boci
lh of ﬂ‘ih@hlhgﬁtlé Reorligs hﬁ&uﬁl%ﬁle ProbddtiveasleP Bt tol b $enfldv@ 'Bart of the

e side opposedtothe stanp, that i's, fromthe

@mgttoflme‘e e chagnetic weqrdmgimqhurs é¢ee mtuhn‘@ the pretectivé layer.f or

T P

préditanventionyShubricaiigli4ier i fn@ﬁﬁb |f6i'ﬁled 8n e plogtivellayer, Examples of
a

|rrad| atlng t he resist yer "wi th radiant rays from
0

n@n@ese@ rtthelubricating leyer anclvde racﬂillome-@stamglgr laliicantta hydrogen
t
GG oiiite Joeref pd 3B oo $he blprichin, e, el s a

thigkresdof l @yedimW t h the radi ant rays on the basis of
heat transfer fromthe stanp material or the )
subs thlGt & shopss thesgopfiguratien of qm@mwmdmgwndrrmm&mgmaw@sm

dan WLt h the
SRFIRONR b ohSEE bl "3} bRl RE5RhE TE Gt vt in
dredréntertvith the prébdnt invéntibreéontpriscs HE m@awa, re@umig A&iu® Y R6rbed
resin, acryllc ester orﬂwzcloallphatlc epoxy, and as a
Y3 drisies theHnagnetisxaepasiing

g@‘l’cﬂ@ﬁs mgdigmg}p in the

#JS re ces e%g%?s%e ?orce 3né gmanen ucmg
smg»n,ea haatdmng isectiom 28 thatt thavek theafighetie Head 21 eelativd) tontiénmiagnetic

Ipre ent SSIb blurrlng durlng rm netlc%éecordllr:)g fon of
?ﬁgxwgp SEtem ipation o

%%ﬂﬁh réﬁ%f&x%%@%ﬁ%%ﬁ negg%ﬂﬁgiﬁ$ (£Cﬂ%&aﬂ??289“hwmg
g

mymbmdanmq;mnmhibmeymmﬁxgnmmnmvgmm;ﬁnmthhamgM$tammbﬂZ The
H’@S ar e pref erabl | east ci grgmms sel.ected from
6‘PakFSo‘hE,°S§5‘P ey magnetiqfecqrling apparatus

dw[hal@ghre&rdm ensﬁ§E C¥¥pds withthe h@grﬁﬁhdeg}dm Bﬁummaccordanoe

preferably at |edst one speci es selected f t he

withaheconwentionat techyiqué ofisesting thef width ofy reﬁpdudﬁglﬂpad-ﬂn'aﬂmi than the width

‘iih “&rg’%gﬁ‘agd\o}{r}]sh%&‘% "g}déi‘ lgns ﬂj%ﬂﬁawgfm%%ﬂ%ﬁowm@tme
edg8RhdicRk-fR faghiefic ﬂe&ﬁkﬁng)rfne(ﬁﬁrﬂ iiRstrateddn BE iffention has

the |rrplantat|on is lowowng to the small atom c

themagnetically dlscamuws reconding trgcks, aliewing both svidthsito ba sst almoshthe same.

b S SR S RS Gl e SR

nitr IM&%\@; wﬁ&i tHé refrSduch gb@ﬁkﬁidfmemgn&@ﬁéaahs\@mb@dwsmmor
the inter-track regi on to cause bl urring when

#jsofficiert signal intensity can be obtained even at a high recording density. A
magnetic recording apparatus with a high recording density can thus be realized. When the
magnetic head floats to a height of 0.005 um to 0.020 pum, which is lower than that used for the

conventional technique, the output is enhanced to provide a high apparatus SNR. A highly

reliable magnetic recording apparatus with a large capacity can thus be provided. Furthermore,
a combination with a signal processing circuit based on the maximum likelihood decoding
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witten in the magnetic track portion. That is, if
these ions are used, it is difficult to demagneti ze

wo b@smegset i c | ayer, that is, to reduce the CofOD2)2007072994

Co(1 10) peak of the magnethe Layer and make the
magneti c | ayer anorphous as is done in the case mﬁth
the inplanted ions used in the present i nventi on.

se i nv nt|o he i nma [ d in
R Bl sy, ¥ edhin wﬁ%@@%ﬁs@hwmm
dvén §fOrebBRding And P@rdaa@ﬁgebp&adoasvae elfbrred St 1a0ffack density of 100 k
|nplantat|on i s perfornmed before the protective fil

tragksfiuph epajors;a linkas repaiging density efy1660 kbttﬁuaclmrmoee:mdaeewndingdenmty

SO GRS TR Sk BT SmEe: dhamalfeoe pERICRYnS Pl Rcfreved

Heldowt he magnetic | ayer after the protective fllmls
formed on the magnetic layer. This step elinmnates the
need to formthe protective filmafter the ion

% la'ft ation, sinplifying the rnanufacturing process.
RC's al so effective for enhanci ng the productivity

and AeAbGinT¢hasBe ivatiapkd sbstrts for BRIHDRE tFF RS prédévacuated to 1.0

manuf act uri n%aqt‘he ma netic recording nmedium mthe

% B! Bneralesson erthe Blgssi wbsubtem crxshlélzadogl@s ap@posed of

I Igpbaa %g I#zgh%ﬁ)'p#%g ?rggrbzéﬂ 2o h el ﬁ%‘?s %Hlfsg'fct? 0 )élameter

df 65\, &h iAGideQlididne 6f 20 rhih afid ¥ adrge éds(Rh) ofiu&
ions _are inmplanted in the V|C|n|ty of t center of

the iHg @fﬂSchequemaﬂ tacked i the | glase sibsiate. Specificallyy a sof
BB B0 WRHBoRhe M@ TFRALS Ehrabp POl I00lsRF 1571

msm alloyolwert: ffiest depobifed tirathisaider aisifigdthe ©XTasptdring canf arprotédive film
the%tna netic layer. in_which the ions are_inpl anted,

lii’éh V@éﬁleﬂ f?@%@t thE;BrQYQ methed.y, The B¢l softpagnetis ayer

assom atl on Wi t ﬁ the penetratl onggep E%‘Eﬂﬁﬁ o104 The
rmgnaicéayat heglra filod thizkmespoforsoded Ty G (earbor) rprotesmsbeaﬁlhelayer'ﬁmd an
enoy, resi st layer and the mask | ayer in
aﬁE‘EﬁfrﬁgﬁﬂE‘g" e present invention, a technique,
such Aagadin &Wbﬂ&d&%&ﬁn' &ﬁlaneaﬁpsrp The mask
% / ving the resi&t ¢

mlling, is preferably used. Inreno
ldt}ag/wasrmddoﬂaemm«ﬂlraﬂmlmessofGOmreferabl e to al so

renovie part t he ect lLayer if. th netic

oo e s e e 00 e H%vw.m@a&%r F ol s gpde of a
rfo%[&:‘&&nﬁ@lﬁéh i94n ln@a%ldl@ %f aﬁﬁnﬁﬂ&&e@dﬁ@dﬁ:ﬁ

recordi ng medi um does not have the protective |ayer.

| n t Hestarap lobglassoaving megative patiemg of magnetig mespiding rpatiemsdwasythen
pm:"dl umams?th%ccos{ gynca?avﬁnregslglre ot}q MPa (about 8.8 kgflcm®). In that state, the

resist was irradiated with ultraviolet rays having a wavelength 250 nm for 10 seconds from
above the glass stamp, which exhibited a permeability of 95% or more for ultraviolet rays. The
resist was thus cured. The stamp was then separated from the resist layer to transfer the

magnetic recording patterns to the resist layer. In the magnetic recording patterns transferred to
the resist layer, protrusions on the resist traced circumferences each having a width of 120 nm,
and recesses in the resist traced circumferences each having a width of 60 nm.  The resist layer
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present invention, a lubricating layer is preferably
formed on the protective |ayer. Exanples of a

wo mgiocmstr used for the |ubricating |ayer incledeJee07/072994
fluorine-containing |ubricang, -a hydrogen
car bi de-contai ning lubricant and a m xture thereof The
| ubricating Iayer generally has a thickness of 1lto 4

et|
bt s SR i RES ML RE 9k O BRI & g o
Theanglé 6fslisTtcessd/i thie iedist layEo tHErghiedte Surfhcdoms alindg 9em d
reprodugi (% apparat us i n accordance with the present

i nveriesigns the recesses ard thecorrespprAingIegions of

@g&\%ﬁﬁlﬁgﬁr ﬁﬁggne iC reco gg{l%&ﬁﬁ@gmi%ﬁ%d'% X i'agr %ftehﬁe dry etching

doaditions ifor ghectedise ricludet, and0,ngag fiew irste Sf@GochT arﬁa&aw@f 0 P4 a high-
1gqqcor di ng section and a reproduci ng sect i on,

ead
assledaowswfégo Ph aDnbrseod 30 W6 anckagietching nweaﬂl(&spconds, and
thésk &r &HeeTJ Ryer mH&QQ%F fﬂ%&oxﬁﬁ'o? 90 E%ﬁ;my g@s@ﬁa@ a high-

recordi ng a hd reproduc g signal Sys

frequémicyplasmarpowér of SR00NH DG bﬁs off6a W pridan eshibgimes 30 Seof)ﬁtfs.
inpu&tlng ssugnals to the ma netic head 27 and

r epr Ty ARG laysy 'E;S‘PO(BI%F‘H@“ of the

con‘% Vna%%m%@{sﬁe%%g &Agg(%gﬁ}%és ré%ﬁ‘gdg e pg@@flb?dew?s 5x 10"

eandtlﬁagnlemnm voltage mas 20kedpp a‘heabm, mudsk layem afid gbtective film

rec in nsi t Co pare vvltht ghetjc

Bﬂﬂgl ﬁ@ YFEd R e’nfe agmipchiclgss of 4 nm

[

@?F@?ﬁ% FRLb Wk oﬁﬂgﬁ?&%ﬁar%‘qﬁ%%ﬁwmr G, A
meagpét rechrding chedupevas tHue mamuddeturednagnet i zat i on transition
region at the track edge, the discrete-track nmagnetic
recording mediumillustrated in the present invention
Bampkdrognet i cal |y di scontinuous recording tracks,

aIIovvl ng both wdths to be set al nost the sane. Thi s
mak eé’fagtleﬁpdmdylgenma pversy inamufastuidd widemconditgns osituidar ito those in

QB G ol RN R RS oL P B o

id NBblogadin Bxdmple 28; it fesisti Mliteral was eRzddyfié théPBovolac resin to a
obt ai ned even at a high recordi ng density. A magnetic

themeseting fesinpgnd rthe ung ireament Wagyehanged diod they ultravigléttisradiation to a
ld%!? 4 hen the magnetic head floats to a
ei g g%f’lﬁ%b(gétg%o&&% 020 mMmm which is |ower than

that used for the conventional technique, the output

i s enhanced to provide a high apparatus SNR A highly
Mﬂ%@%ﬁhétl c recording apparatus with a | arge

capag] In){gn%ﬁmrel:&ﬁiﬁg P&t Wes S Huadrited (el Rnitions similar to those in

Example 1 except that SOG (Spin On Glass) was used as the mask material and that the SOG
layer was directly imprinted using the stamp without the resist layer. The imprinting operation
was preformed at a pressure of 187 MPa (about 1.66 tons/cm?).  The mask layer was cured by
heating the mask layer at 150°C for 30 minutes.
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a conbination with a signal processing circuit based
on the maxi mum | i kel i hood decodi ngnet hod further

wenivanc®s2 t he recordi ng density. For exanpl e, BCT/JP2007/072994

sufficient SNR can be obtained-even if recording and
reproduci ng operations are perfornmed at a track
density of 100 k tracks/inch or nore, a |linear

ecor di de ty of 1000 kbits/inch or nore and a
{:%"c‘%a?%vn%x"g@ Sjlty of 100 Ghits per square inch or

mor e. A magieit rReuR W& nufatMRd Uh®R cWiditond@nilar to those in
descri bed bel ow. arrpl e 1. A vacuum chanmber with a
thermasettingresin twas Hised: s, theomask material and that the

&?b?%%ﬁg‘%&?%fé e gibatinted g 8 g BENSS Ber. The

onwmwﬁWQIMPMIQOVm The mask
Sb2@B-2zZn0O, The gl ass substratoe had an gut5| de dlzz?meter
layer was Gured by W@Ml@ﬁﬁ@@foré@we&nd an aver age

22;Lﬁ|Wc?§g%nwm€I ass s%&%rﬁ electromagnetic

Sopeetsidn piapettigs usihg A 6pih stafiy NBériheads &t tie eOdluatien @ Perti@lrecording head

interpediate |ayer of Ru _and a magnetic | ayer of
reqanfing opergtipnscand p THYIR hiepd whs ysed fog eReqtions. As the

Ch SR ool prlBc K ey 3Rl el Sl g

mhmrabﬁe&m&eﬂmfwammc Iayer had a film
thi ckpness of . 600 A. The Ru intermedi ate Iayer ‘had a

fi | m khRi agREcsTepanding) patiem properfiggheliier Idykpr VSRF Measirpgand

PRRER S B AP i tmﬁé@%&w%‘%&&%@ﬁ The

messurbaenteshdinions ftuethe ABM and MFM inalole@ich Ftpirh @dswal field) s tapping mode
utteri.ng.. The mask | ayer was de of Ta and had a
‘P’ﬁ?’?ﬁ*ﬁ“&’kﬁ’f@é@ X 216, a9 2syyperme spesdl ok 1 wip/sec hen coated on

the rBSK 1l RIH shBs BRI rBuftOG thd Svaludfit. T e?ﬁm%ﬁ@sm ERAIO, the

a novolac resin which 1s an uItraV|oIet uring resin
M wantl. GdB andthe 3N-sjuashyes 80% lifdicating that the magnetirf regrdirgsmedium

Ee?lﬁ'ée SR iy oS 1o BOrSpd e, becgpse the
imediulPRad( 2 DM suffacd dSHOMAESS to slabilife Bk head floating

state the resist was irradiated with uItraV| ol et rays
prenerty gnchbegause thereaghetizion istate fof the litersteack megionfdisappearid oampletely
t he S .St whi ch exhibited a perneability of 95%
B F‘%S edﬁ%‘”’avi ol et rays. The resist was thus

cured. The stanp was then separated fromthe resist

| ayer to transfer the




magneti c recording patterns to the resi st
the magnetic recording patterns transferred to the

WO e®8H6908AYyer ,

l ayer. |

n

protrusions on the resist tracepCT/JP2007/072994
ci rcunferences each having apw-dth of 120 nm and
recesses in the resist traced circunferences each
having a wwdth of 60 nm The resist
t hi ckness of 80 nm and th

Ll

| ayerhad a | ayer

esses in the resist

| ayer had a thickness of a 5 nm The angle of the
receslses infthe resist layer| to the substrfate surface
was al nost 90.M#&kgi ondnglefoft HeThickaéss{ |lager| Magnetic | 3T-
cor r gspdaski ng Film t 1eRas'$d§3&ﬁes ofseslstt hshietding |espatearfli N@quash | SNR
r egi Onfhatedial t hlﬁcl&hésﬂerdidélpﬁﬂoﬂ'a eog&f (abikty 'SEpaiRAy Y @sy | (dB)
et ch! ng using (},}ﬂy Tasg(dogy_ y etchi ng
EPTO o o bt et [T o =25 O I
B 2o B0 g b 002 T T BT TEISH s (127
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was preformed at a pressure of 187 MPa (about 1.66
tons/cn2) . The mask | ayer was cured by heating the
woramk/obager at 1500C for 30 m nut es. Conpar at i VRCEXR20W1/672994
2: A magnetic recordi ng nedpbymwas manuf act ured under
conditions simlar to those in Exanple 1 except that a
thernosetting resin was used as the mask material and

#Ta# #ge &E nosetting resin layer was directly
H ng the stanp without the resist |ayer.

The iRgPagHeti appafiusiathiat TR tQhAEA difficuRied 4sSScittdSwith the
- of 124 MPa (about 10 t/cnR). The mask | ayer was
inareasel] fegordling, dénsiyy, thecpreseatidnyentjen: drasticallgdoueasesrthe3 poording density

i.nut es. The.manuf act ur.ed _nmagneti ¢ cordln di a
%‘%@ﬂ%m@@ (i BRBEEES e Rl 10 Tose dchieved by
thé @ERelitiofdl techhiqBes? THE PreSdnd ifvention raldae:%dﬁad tHe &ﬁ@we force and

eval uation, a vertical recording head was used fo
remansldnagRetizaion in the mter-patieen regians teth xmimyim &0 prevent mble blurring

ﬁ@%@%&%@@@%ﬁ%@% - 5 KR il YRSl o

Bedif®gufetired By fiingRetesdes\did frotrusions on a

neasured The netic recording pattern properties L,
magaplicdaysr PEERMEbon trsbsie dheamgnmcat@mumﬁgnmeﬂc layer

ﬁ%%gﬁfﬁggﬂamﬁ&&%ﬁ $%&¢mﬁﬂpgﬁh i fally

fTtel nﬁeﬂbhﬁﬁoﬁﬁﬂﬂeﬂdﬁﬁmﬂanmg
resolutlon of 256 x 256, and a sweepi ng speed of 1
redwned cqntaseinztign Jiksand tausefilb Biagnetic espording medium with an

SRRy o, 10 DCaTple 1 e, S s 126

magneti ¢ recordi ng nmedi um had excel | ent

el ectromagneti c conversion properties. This is

concei ved to be because the magnetic recordi ng nedi um
had a high surface snoothness to stabilize the head
floating property and because the magnetization state
of the inter-track region disappeared conpletely over
a predeterm ned range. Tabl e 1l ndustrial Applicability:
For magnetic recordi ng apparatuses that face technica
difficulties associated with the increased recording
density, the present invention drastically increases
the recording density while ensuring recordi ng and
reproduci ng properties equival ent or superior to those
achi eved by the conventional techniques. The present

i nvention also reduces the coersive force and




remanent magnetization in the inter-pattern regions to
the mnimumto prevent possible blurring during
wora@nes4082 r ecor di ng. This i ncreases the surfackCT/JP2007/072994
recording density. In partigglar, for discrete-track
magnetic recordi ng nedi a manufactured by form ng
recesses and protrusions on a nmagnetic |ayer preforned
on the substrate, the preﬁgghggnvention elimnates a
magneti c | ayer renoving s ecuted for the
conventional magnetic | ayer processing mnethod,
substantial ly sinplifying the manufacturing process.
P tvive

Ithe g austhed fonwmenefhcring| & oragnesio irerending mediumabaving magnetically

hod wi t.h_reduced contamnation risks and a usefu
ST Moeh e SR U AT VAR @ R 6 5 Binndlf Subbtae, he
;ﬁétmtcbmgﬁgfngepyofCLAl M5 1. A nethod for manufacturing

a magneti c recordi ng nedi um havi ng magnetically
s e patqMnganpgastc layerop ieapmopgpeticisdisidie;on at | east one

Surf%%ﬁﬁ‘gf?ﬁgﬁg 63@85%§“$%$Strate’ t he met hod

conpri si Rg pPsS~ 0 ¥'ﬁr’ng a magnetic |l ayer on
the feaminganeist 1ayes orihé madkdiyed or M ng a mask | ayer on the

magnetic |ayer, formng a resist |layer on the mask )
| ay e ftransfefrg fiegatyq mgﬂvﬁég theimpanais fecerding pastemns tedheresishlayer psing a

iﬁﬁgrding patterns to the resist |layer using a stanp;
rembvi ng portions of the mask | ayer which correspond

t 0 t henovinggloitions ¢fahd miskdayef whible corfgpnt itethe agRfive paflems of the
patterns; inplanting ions in the magnetic |ayer froma
TRagReticrecprlipg pattemse surface to partly demagnetize the

magnet e . [ t resl t he
ek TGl A0 RRB' B! i€ S A Btbe' Bparty
demagretizetherneagnetid lager; anddi um according to claim1,

wherein the rmslﬁ | ayer. forped on the magnetic | ayer

has ZMOYIgthsi ayst adihe mask Byethi el d the i npl anted i ons
that neets S = (Mtin ai - Mt aflCT)Mtjniiiai and
0.5 < S <1 where Mtjnfca denotes an anount of

% emailbemethed Foe tmanafactarmg the migneticagooeding mbdiyre facdoedingy to claim 1,
e DR, B A W et 2 o QUM i it e
inPRABITHA thf? Fhe@ S 2 VIS - Mrt.ge)Mityisn and 0.5 < S < 1 where Mitysg denotes an
amount of remanent magnetization in the magnetic layer before ion implantation, and Mrt.g.r
denotes an amount of remanent magnetization in the magnetic layer after implantation of 20-keV
argon at a dose of 5 x 10"%/cm?.

3. The method for manufacturing the magnetic recording medium according to claim 1,
wherein the mask layer formed on the magnetic layer has a magnetic recording pattern formation
property L that meets: L = (Lagier = Linitia))/Linias, 0 < L < 0.2 where Liiy denotes a width of each
negative pattern in the magnetic recording patterns, and L.g.r denotes a width of a demagnetized
pattemn after implantation of the ions into the magnetic layer via patterns of the mask layer.

4, The method for manufacturing the magnetic recording medium according to claim 1,

wherein the mask layer formed on the magnetic layer includes at least one layer of one species



argon at a dose of 5 x 1016/cm 2 3. The nethod for
manuf acturing the nmagnetic recordi ng nedi um accor di ng

W 0008l068082 1, wherein the mask | ayer formed on P&EJIP2007/072994
magnetic | ayer has a magnethbg Lecording pattern
formation property L that neets: L = (L Ba -
linteuyLmiiat 0 < L < 0.2 where L denotes a w dth of

- each. neggtive pattern.in magneti.c. recoldi .
SR e e Boseg 18 A o B HtideriCh 1508 Re Mo, T
VN, Sh Gadht Ak andWl @ant ation of the ions into the

magneti ¢’ | ayer via patterns of the mask | ayer. 4. The
nmet hod for nmanufacturing the nmagnetic recordi ng nmedi um

ccordi ng,t g .cl ai ,.wherein the sk layer for.ned on
e T Rk A ot it Gidhetc B ing e AgfongHe G, 1
WheESH tBS Mk 5 bSBmied oMbk Hﬁ%%‘@!d aRRTndiliyessudbuda, W Ta
nitride, Wnitride, Si, iOZ,&!I'aZO , Re){a M, Ti, V,

Nb, Sn, Ga, Ge, As and Ni. 5. The nethod for

nufact uri ng the netjc recordi ng nmedi.um accordi ng.
G0 c1BF eod foraragr Rt wagneds fspording gdjor fotafins to chim 1,
wIREH£the GnaslaYegér BseddnHE Elay&li§ Halldba nfiteril MBntaining one
met hod for manufacturing the nmagnetic recordi ng nedi um

snesiss eleaied from dheagimpl consiftog & a; Mo MoK, Nayed Asomndclic siep of

t he . netic laver i.5.made of a materi.al_containing
remevitii sty Ry Ao NP e S B RERE <1 i ng of Ta,
W M, Ti, Nb and As, and the step of renoving the
mask |layer is a dry etching step using a _gas

e ont dhemethogt for man C reenidipgmediumageordieg to claim 1,

{
RS el QR R FF0E WBRACRIE e 315 el ongsnipe 1 and
theasttp obfemvinghe fiaskd layeHiB h diyRichig Sp usiap d ghsentsiniag COX

renmovi ng the mask layer is a dry etching step using a
gas containing CO 8. The method for manufacturing the

gnet . . . ' = ' .
Chor ot B8 R Rl i D ALRRE Nhib il Hocyding 1o claim 1
wiechin thé maskri@ecfvimad on dehaignstio tyéis ideGia makdal thigantihge$n or Ga,
of renoving the nmask layer is a dry etching step using
and ﬁ‘ﬁét%%tjﬁ%‘?‘?ﬂgﬁl@f @Stlawwmw@pmg s CAnsaning Gln

t he magnetic recordi ng medi umaccording to claim1,
wherein the mask | ayer fornmed on the magnetic layer is
9rade Thé methow farmanbfacharim ahenmagpetiserecardiog mbdiurataeqrdidg to claim. 1,
renpvin e mask Jayer is a dry, etchipg step using
e ek et oaped G mp@elitebis THaGF OHEmBEL coaTigg Ge, and
the epBRRABUing the RAA!18Y/ef S a B Uchifly SGARMNE 2 B8 doRtaifiing B 1,
wherein t?}lggr esi stgjrel glgﬁhagﬁ% ecessgsgf or med ?Eer ein
after the step of transferring the negative

10.  The method for manufacturing the magnetic recording medium according to claim 1,

wherein the resist relay has recesses formed therein after the step of transferring the negative
patterns of the magnetic recording patterns to the resist layer, which have a thickness in a range

of 0 nm to 10 nm.

11.  The method for manufacturing the magnetic recording medium according to claim 10,
wherein the resist layer having the recesses formed therein after the step of transferring the



patterns of the magnetic recording patterns to the

resist layer, which have a thickness in a range of 0
wmrooso6982 nm 11. The met hod for manufacturi ng PEEIP2007/072994
magneti ¢ recordi ng medi um-aggordi ng to cl ai m 10,

wherein the resist |ayer having the recesses forned
therein after the step of transferring thenegative

: L& I ' t
Pl b brb BRI Sbldng BRI B B 1L 2583 hiop yrming
dhange€in @iran@Oofl90 1o/ T° Feltind to ¥ Surface cﬁ“ﬂ&mbﬁ:ﬁs@etﬁfsuﬁshae
nonmagneti ¢ substrate. 12. The nethod for
manuf acturi ng the nmagnetic recordi ng medi um accor di ng
0 Ch the€ .
120 et e M0 el A1 eid Blind el Redlaidh o caim 1

vetieckirt theresistdayst is hagesf a matddal anebd by drehdiatibrhwitintioastive Mgs, and the
S durln or .after the step of transferring the
5%{ qdmthrr@sqagttve raxy@uring, e 4gr thestepof iapsterring theppr@msto
% %?w turing the magnetic recording medi um
accor Yng t alm 12, wherein the radioactive rays
are ultraviolet rays. 14. A magnetic recording and

r.epr Qduci ng. appar at us conpr|5|ng t he magnetic

1|3ecor ? %@g?' ‘%ﬁi’ﬂi‘l“% H@Wﬂ% #@eyding to claim 12,
{#Eéd@ﬂ%a Baﬁ% i ms 1to 13; a driving

sectlon tﬂ r

ves the ghetic recording nediumin a
recordi ng dlrectlon a nagnetlc head conprising a
recordi ng secti produ0|n section; means for
lﬁDV|ﬁde% @E ﬁ@%@P BPIsige: nagnetlc
r eCOoplindgndie ﬂfé&tuﬁlmaﬂaaed@ﬂg ARSI HEdoRfingtb $Ane of
processi ng means ? inputting a signal to the gt nee

clagktbild; head and reprodu0|ng an output signal from
the g%g\?u?gt sleguorr]l%agdnves the magnetic recording medium in a recording direction;
a magnetic head comprising a recording section and a reproducing section;
means for moving the magnetic head relative to the magnetic recording medium; and
recording and reproducing signal processing means for inputting a signal to the magnetic head
and reproducing an output signal from the magnetic head.



