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WD 2008/ 069082PCT/ W2007/ 072994 -- DESCRI PTI ON METHOD
FOR MANUFACTURI NG MAGNETI C RECORDI NG MEDI UM AND
MAGNETI C RECORDI NG AND REPRCDUCI NG APPARATUS CTGOSS
Reference to Rel ated Application: Thi s
HPOUYP3n is an application Sled under 35 BCEIR007/0729%4
119(eX1) of the filing date &f-Japanese Patent
application No. 2005-31 39 filed Novenber 27, 2006
pursuant to 35 U.S.C. Techi cal The present
invention relates to a nREMRIPTION nanuf acturing a
magneti c recordi ng nediumfor use in a hard disk drive
and the like, and a nmagnetic recoiling and reproducing
aNMEFYHOB . FOB MAMNFACTURING t MAGNETICH REGORDINGt MEDIUN GEND
of, [ [ [V C netic disk
dM@%Wl@%@ﬁé%@ﬁ tape drives,
has recently been significantly Wnded, nmaking these
netic recording drives nore inportant. For magnetic
?2%%? g@ﬂmﬁﬁ“these 20 drives, efforts have

Bgf?i adar ,ﬂ%ﬁ?gﬁWo uction ogbngn%gﬁ ﬁeﬁﬁ"gd‘m"f
PHspanese:Ratert

application Vo 2006-31888fillel Noveohbes 7,1 2006 pussuine &35 US.C.
t%kﬂhﬁr significantly increased. In recent years a
] ead and a TMR head have al so been introduced to
i ncrease the recording density at a rate of as nuch as

1Q0% ear. The magnetic recordi ng nedi a have been
d@%%%%@ﬁkﬁo achi eve a nmuch higher reconfitig density
in 25 meqmummﬂhudmttbermhﬂsfabmmﬂgnmﬂgtam&ﬁdmg

|ncrea§ﬁ,|n thFﬂf jve Hﬁé@e a qnal-to nglse ratlo

nore, efforts have been nade to increase Ilnear
recording density as well as track density in order to
i nprove the surface recording density. The | atest

Lkd Afgcordi ng drives have a tack density of as
much as 110 Icl Pl 30 However, increasing the tack

densi tIhe| appligption fens of qugeti¢ yectrtiing: Hives, gscmagnetic disk drives,

I nt er ere W taﬁﬁglg%%&qﬁ% Aﬁsn%géréﬁ%gia?é’g‘%&tﬁ?ansr F},

ic reoerding drivesimory mmmm@mmmmgmmm

(e P e B 5 o R B e

hmmdﬁmmmgfmmﬂ&muiﬂﬂeHENﬁJaﬁm@hﬁmmﬁeﬁbﬂ%ﬂgkdﬁﬂhmmﬁmﬁMhr

hncr as Ihe S r&bce recordgﬂ%$%ﬁg ?éﬁ%ﬁ%éﬁ@mgﬁobﬁm

t wﬁtm@wﬁe@wﬁg d@atyldatrate ens.umcha@ 100%her year. The

saturation_magneti zation and as |arge a
I TR et e boen dreandst Eachis ek ighst Fegtig deasty in
Thud, ek Gidsibedn dﬁm&nmmmﬁ%&d@mg@gﬁm

dlsadvant eously decrease the m ni mum magneti za

vauaﬁ%*lﬁa | msolutionyof a wegreticgeconfing bayer. fRurtbermmere, jefonts have been made

recorded %u%%%ﬁ&ﬁﬁ%rnnre Eﬁ% re u#tlnghﬂﬁgﬁtgg% I'n

|m«emmsmasw di stance |l eads to the need for a

S YR e R i R B R i

mﬂkmhwnaﬁmmagwmdmmammwﬂd@ﬂmﬂﬁgﬂﬁﬁﬂkﬂy&cmsamﬂﬁuﬁmwmwmmﬂ

o AR 155t PR 9 <5 o 4 DREPlon Ry i n e

tracks as much as possible. This nethod can suppress
the effect between tracks to the m ninum However,
this 15 may di sadvantageously nmake it difficult to
obtain sufficient reproduction outputs and to thus
ensure a sufficient SNR To avoi d the heat
fluctuation problemand to ensure a sufficient SIVA
and sufficient outputs, an attenpt has been nmade to
formrecesses and protrusions on the surface of the
recordlng nedlunralong t he tracks to physical |y
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25 physically separate magnetic recording tracks and

saw signal patterns (see, for exanple, JP-A

2001- 164692). Thi s magnetic recordi ng nmedi um has

a faromagnetic |ayer faned, via a soft nagne

L °6§'§Fface of a substratg on which a pl uﬁ’gﬁ#@x‘g 72994

recesses and protrusions are“faned. A protective film

is formed on the surface of the substrate. The

nagnetlc recordi ng nmedi um 30 has a nmagnetic recordln%NR
bewmdhqmmwrmmbmm%ﬁmm

W&l‘é&fg RildekifyRe! erth@ibement OF ths recording
>g08 kol 2 38555 07299?13@3 3 - The magnetic

r demsitydi ng medi um can inhibit the formation of nagnetic

ggmge e c@%%%ﬁﬁﬁl %ﬁhag%g W%%%m

I&@E?%?m tﬁewfac Rreb ok ke &@ﬂ%l mm ;
It 0 Sﬁﬁ‘ to %rov e. a e% magnet ] c gnthesmeof
f t k ft f e ? dﬂnhmeﬂ!bm
ormn raCcks a er ormn a mgneti Cc recardin
nmﬂmﬁg'a’a%ﬂw mmw%ww!w%fw chrymte she regpyded

agggt hod of % ining thin filns for the magmatic

recording nmediumafter firmng recess and protrusion
pat t or Futhetmptashe psabig eressss i pter-acks disgnce deds 1o feinfedfor a very

F ey sl WW%%@E%&%W o s

f@ﬁuaﬂywaihmdh??s&ﬁmhmunnaQMBﬂpuﬁgumndmmsHMQwﬁﬁmgﬁmmmrﬂwn
processi ng. net ho n erf.or )
P SRR S B B VR RS g e RPEE Rt sl o
UpbssibleL rHtiisarheshod tadnaupprest thenaffecs bdtiaees trygknto ehe trdnirieem. - However, this
cont m pat ed dur nyf act roces whi ¢h
oy By ey kel Sl oo fr S Pt o s
ammaﬁb@gﬁm@ggmgthod This method prevents the medi um
from bei ng, cont am nat ed ring,the manuf gcturing X
proces§°”FEM£% |H¢%¥b¥ﬂﬁ%“§WPé et sufficient
I REHHS aﬂrsde.ﬁi%srnse&h RIS BANES redessel AMd HOnRiOns Sfthe surface of the

substrate, preventing the stabilization of the
f Iresading e plongsthe Pleyicallys separate the froerfipgtrastex from one another

" G058 W ihdAGse A ek Rhsid " Féclﬁﬁﬁe Rérhafftbr Peferftll $b as a discrete track
reproduci ng operations aﬁﬁ oati ng over the nedi um

AJmﬂmﬂodAhusmabsgmbbunmdhmtMuméamnﬂdha&hchnmwﬂu@tnwmmim
fQrm &ﬁgé% gﬁéaé ggﬁnﬁn the discrete track
medi um by |nﬁ?ant|ng nitrogen or oxygen ions in the

pr ef or Adcownsymale of tHediserete ipack DEdhim is a diagrieticrecording medium formed

anetl c | agg;bmv%ﬁhgw{?gl aseqrngé sge. P- A HE! g;;%ﬁ%ztg;zdftofom

ejortiag ticks dnd BervorspAAl iphtib (sed) fob tiample, JP-A
QEE f coerS|ve force Consequently, an insufficient

‘ion state remains, resultlng i n bi nning when

| nfor mpgs r%idhk%{éd@nﬁh&:ﬁ@f ﬁ#f R4 folt Ahgnetic
ch in

A nmet hod has al so béen dlsclosed whi vol ves

ndwst a@ﬂlawfn@oﬁmtbsw apbrr%oﬁm qnd protrasinng, ape formed.

spewg@et Ifcg?&ﬁ egu arlty ere| ng‘t(faﬁ‘c’aéﬁ&magnet%me‘kunrl

rdm&numaymmuuxmmyngwu threvedn imythearehifiile foctmisiens end physically
;%%%hgbyog%&ngﬁ%¥|CE Techni cal Report MR2005-55
6 (The Institute of Electronics,

Infornatlon and Comuni cati on Engi neers)). However,
even with this nethod, disadvantageously, the nagnetic
recordi ng medi um may be contam nated during the 30
manuf act uri ng process. Furthernore, the snoothness
of the surface may be degraded. For magnetic
recordi ng apparatuses that face technical difficulties
associated with the increased recordi ng density, the
preset rovention drastically increases the recording
density while ensuring recordi ng and reproduci ng
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In the second aspect of the invention that includes
the nmethod of the first aspect, the mask |ayer forned
on the nmagnetic |ayer has a shielding ability Sto

mﬁg‘?ﬁ% [ _npl anted ions that neets: S = (Mi'tcTﬁi'ioowo'mM
cdt a

isid and 0.5 S 51 ywhere Mosid denotes
anount of remanent magnetization in the nmagnetic Iayer
before ion inplantation, and Mtt denotes an 30 anount
of remanent mmgnetizatjon in the nmagnetic | ayer after

i rrpl anmmﬁs%ma@émm fphibit the fogaatien ef magpetic

aspect mﬂe i’'nvent On%éi%.sg | ncF‘Sges t he %ﬁhﬁﬂ?’f&!ﬂﬂe

hetween; the adiacens signals: hEhisreskes itapassiblé or providon highdensity magnetic

”?&H-EH A% ﬁ ?ﬁgpﬁg recordi I ng pattern
formatT on prope&t Jrir.(i‘@e“’e"ts (rt -

Lwt hatmmmmmammmmmmmmmghm

BB e e e e e e

pahts@srmwmemmma&e pathehs directly on

{Tﬁ%gﬁ,tl C %éer VltﬁB atterlnps of t he ms&é’ﬁ%ﬁ@&%@?ﬁ@?ﬁm‘

mm:mmmmm n%msmm EEP £ maettc Tier

magneti c Iayer i ncl udes at Ieast one | ayer of one
ofahe

s poegssing method
nh{e&"ﬂe W%ﬁ/ﬁ%ﬁn tZ?FSTg'%Pgh asWh

mafﬂcmmg prioeess, iwhich Ul vy mbmplln%dhoﬂlmmrmﬁbdrzsnﬁmsgwtm

e R A B Sy RORES b SRS el v e

i mamficlung prixess. | Hivrevatake filth dormat tiesl o the heeesé and plotrasion alepes

Wsk | ayer forned ?}ﬂeesﬂ@@@eggf@gﬁl l.ayer |smqr:‘1%§moff

greewmamlsreptduﬁgg mmuﬁmmmmmﬂe
] of novi ng the mask layer is a 15 dry etching
%@Bﬂﬁmﬂ contai ni ng F. In the seventh
aspectAmM%lmwlm&&%mmmnﬂgem@&mmmﬂw
the first aspect, the mask | ayer formed on_the magnetic

| WWWWWW“@MW%@EMWWW
S [rfat tHe RRRMELEye} m%séeamr}m&zasﬂb)ﬁ GW%WM

using a gas cont alnin

a?ﬁ!@@t thlmetmd reduged Samoiioromagnetizafionbut inweassd cpdative

Iayer %%ytaﬁ a mat e%&t al nﬁ%%gﬁ%%ﬁm

t mbryatiopis edittensmitheimagnetid tackgagion. | ayer is adry etchi ng

of *© ne N b0 R Brckelirticn bRt R Bl

apquemed tsdiurmthaing ﬁyg—mcfm@ ﬁﬁuﬁ.hﬁrahmhﬂthl £ s;beaﬁarbn-lsj-brt

g@ﬁemmemépmmomsisb h%ﬂﬂ C(’Ihcclilstihﬁeofﬂeclmmcs,
i nventjon that includes the nmet hod of the fi rst aspect

t fformghion s and AoemuRisation c Enginesrs)). o Howveyese eugn, with

M%l%tww rems%ﬁeﬁl’%h
h saeutasturing prvossss

Fuithermore, the gmoatiiness ofthe swdhce oy be degraded. | n
the el eventh aspect of the invention that includes the
met hod of the tenth aspect,. the resist |ayer having
the recesses fornmed therein after the step of
transferring the negative patterns 30 of the magnetic
recording patterns to the resist layer has a side
portion formng an angle in a range of 90 to 70
relative to a surface ofthe nonmagnetic substrate
In the twel fth aspect of the invention that includes
the nethod of the first aspect, the resist layer is
made of a material cured by irradiation with
radi oactive rays, and the resist layer is irradiated
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15 (brining the magnetic recording patterns after
form ng the magnetic | ayer on the nonmagnetic
substrate, the magnetic recording nediun1enab|ing t he

exl Ce! .%gn 2of head_ floating to be ensured, %b?ﬂ?ﬂﬁhonw;

capability of sepaéatlng t he magnet|
recordi ng patterns from one another, preventing the
possi bl e adverse effect by the i nterference between
signals fromthe adjacent patterns, and offering an

excel Ij@ﬁtﬂa&@é‘bﬁe‘?‘ﬁ@ Wmﬁr@smw&ﬁ@a&eew with the

| eRA %&agaatsgo frieflasethe
fol | owi ng steps fromthe nagnetlc ayer processlng
rrexhilessuring reeinding-and

mmmmmmmmmw

C %%@ﬁ#ng team@‘%gequ urylngqg?qt Qg%g? Torl and

mqmﬂmﬁmpmﬂhuﬁ%ﬂmmyuggmahhhmﬂmmmﬂymummpaﬁmbHMnmg

MﬁafllmThl d&&srlbuteaﬁmlc nt | rtﬁ lar. for

dmﬁmwwmmmW&a

the 25 gresent i hventi on uses the netjc recording
mxﬂiaewge io RljraipAtes Frmagnetis layer

PrériRing MW%MWIW%WWW

and reprodu0|ng apparatus haV|ng an excell'ent head

mﬁaammms

aﬁ%@ﬁgr g"ﬁc‘fggrevent|%’Smkﬁe pggggﬁﬁg&égverse

t kresellenttheadtfioating propént Ween signals fromthe adJacent

patter | | recerding 30

Gans: ¢ ioyeh Bkl LR, RRRe ) B tfe B et s heve
Fregched the jresent invéntiomt i ¢ vi ew showi ng t he sectiona
structure of a magnetic recording nediumin accordance
with the present invention. FIG2 is a

s DiseloRteiof thy InPatitiéiOW ng a process of manufacturing a
magnetj.c recording 5 nedl m_ji.n accordance wifh th
presen PSRt ipYegipn pro &3 ﬁ&ﬁﬁ# WF@%“WW%

| kragtiefid’ REdrdikg ﬁ)&ﬁuﬁﬁ%gw wﬁm BYat
and reproduci ng apparatus in accordance w th
preast g Wéﬁtﬂ.@ﬁmmtmm%mﬂ@é th epg §E forming a
| d Bfbr on hRfhinhdnEticCaRfMEe o/ fRE ) hwr
nmet hod for nanufacturlng a nagne |c recordi ng medi um
i forming & regist dryer opthe magk leyep rysieming fiegative)pattesms ofthe

FPREng &%&m&c%ﬂ@%ﬁw BB T commpond

t Th g ti di di ﬁmmrhmed e

nti.o et | eadi ng.medi um.i n_accor dan

W S e o SRS P e e AR R i i

ohya amithé gk Rierc substrate 100, a soft magnetic |ayer

%Sng%?w%b@te : i tetina P RS e RS e dry Apen. e
Rrmhtd Gh @etrhagheti 1y bhsa/ielding Bbilitf\s o hieldtRd infpBnted ions

fllnt(not shown) is fornmed on the top surface ofthe

S T @B - Nitan it andidsy < § Kd whegMrtip. depetesragiamgunt of

g??%g&ﬁo present |n§g%%#gn ?ﬁﬂgnagﬁg%ﬁ%hﬁgvgghgﬁgﬂxmsan

wiampunt ¢f genpanent magnetizptionincthesagpetic lager afbér jmpflentation of 2@rkedM drgon ata
PAL LY 10 Wof200 rimor |ess and a nonmagnedc
portion w i L of 100 nmor less in order to increase

the recording density. Thus, a trade pitch P (= W+ L)
is 300 m or less and is made as small as possible in
order to increase the recording density. The
nonmagneti c substrate 100, used for the manufacturing
met hod in accordance with 25 the present invention,’
may be made of an Al alloy, such as an Al-M all oy
conposed mai nly of A, ordinary soda gl ass,

al um nosi | i cat e-based gl ass, any of various
crystalllzed glass speC|es silicon, titani um
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10 (FeCoB, FeCoSil 3, FeCoZzr, FeC 072B, FeCoZr13Cu or
the hie), an FeTa alloy (FeTaN, FeTaC or the hie) a
Co alloy (CoTazZr, CoZrNB, CoB or the lie), etc.

ﬁ%h n control filmmade of Pt, Pd, Ni
ﬁﬂ% required, an |nt€rned|ate f||n1ngﬁgﬁgﬁéywnmu
etc and a magnetic | ayer ‘of 60Co-15Cr-15Pt all oy

or 70Co-5Cr-15Pt-10Si 02 all oy. The thickness ofthe

magneti ¢ recordln | ayer 300 is between 3 rimand 20
nm in mo%mm@mmwﬁmmmmm

0 aéﬁt’%@%t%%?%%@%%c. & RRGI Sk Bl T Jr R

a@m da'nﬁuuwf-m:)’hheand maugnmmmmmm

out put S%WMOH iﬁe rmgne4 | %?%g%gg&%ggwn

t@mhumﬁmEMmmﬁhsbmnmnmemqmumMQaahpmknnaghsmmthhnyer

par andb UP SR P e PRl s e Pt e e mosk

DW&%rﬁﬁdt e &Dthgf maﬁltldyﬁmd t&;ﬂﬁsftwmiyehﬁﬂbh@@%?wecltedﬁbmﬂm
ude of_ o s.an erefore ic |layer
B St Ta, Wl miidh ol sty b T RN Y, RBR G Ge
GCapesatil vy, the magnetic recording |layer is fonned as a

thin filmby sputtering. . The protective film
| ayer 188w fifth aspechefdle immetion dhatinghydas the methad of thefigshaspeci; the mask

F 6@ %%h&&m' hﬁﬁ& m | ayer may be a
carbonaceous yerﬁﬁ¥ car %¥ drogenated car bon
25 ( Hdahe sigthagport of the invedtiontighincludesthe the fitsbaspegt; the mask

yhr nade1@#ﬂﬁ?égkg%Pﬁﬁng¢?ﬁPQ@¥§&ﬁmﬁ& %gﬁéa?%ﬁ&*h%hm

tﬂwgkmpexmmmg¢ﬂﬁgﬂwmﬁmammmmndAghmhha#pmfﬁﬁ@mmﬁhﬂmwkhwbaa

Igﬁ§ .nan 10 run. The filmthickness of the protective
fi ﬁ?ﬁgyg?ug%%%%%$ﬂ@mT%knn1increases t he di stance

bet ween tliefsevelik aghecd biihé ientitphatinciudésabciethod! of W Hirst Bigect, the

the q@FEﬁFmgnd i nput sb%gal frog1gég#€|t|ng $Lé§%ﬂwﬁ§P0f

gmwwmhw%amyeﬁmgwwa cdeididing CO I'n the

present invention, nonmagnetic portlons that

Magnet 1P Fielth aspeskef e avrrtignbatinchies dhemsthad ofithe Sk apashthe mask
$ 1298 FormbPl BE MagticliyB 'S madbhe IRRRAM obndirfiisNnr &, a4 1he 8 step of

firmone another are fonned by Inplanting ions in

wa@wm@em@;i ardempmsmmswsmgws .ize the

?ggcr:]:t]h (r?gﬂént rmgnetl zation | nHWF ﬁl’ﬂ3 %ﬁﬁg&m

rbgwdhmwd@mnhwmupﬂmmuﬂtbamﬁp@ﬁenmmpdswmmmmgﬁkuuﬂnhgﬂqpof

R N g B 0 °

recordhﬂguﬂhnqmﬂpfmemwmmﬁﬂﬁﬂhdmngﬁkﬁwhhﬂﬁﬁk@&enbugﬂmnﬁa

TR e 4P M Sl o anteriog o ecve s of o
| edgiretid recoflihg HERmE Rthe il lver, GhitHIRbd d tRickkss nASand@E0es 10Gm..
layer to elimnate the, %ne%%sntof t he nagnetlc

Iayer In | 9f thestenth aspect, the

erito nﬁ%e the - magnetic Iayer a?napﬂousé Eﬂ % E

{ﬁmgm**mp“”“mgm@mkﬂmmawe“ﬂﬂdﬂmphbasdﬂyaMQihamEPgamﬂ@ma
e e

specifically, making the magnetic Iayer at naphous
means nodi fying the nagnetlc | ayer so that

m croorystal grains of size less than 2 m are
randomy arranged in the layer. The 15 magnetic | ayer
Is determned to have this atom c arrangenent when
X-ray diffraction cc electron diffraction shows no
peak corresponding to a crystal face but only halo
patterns. Wth reference to FIG 2, the
description will be glven ofthe nethod for




invention is preferably applied to a discrete nmagnetic
readi ng nmedi um havi ng magnetic recording tacks and
servo signal patterns corresponding to the

' |y separate magnetic reconling patHgﬁgﬁ
Wﬁ%@'ég‘ﬁd@ conventional manufacturing nethod 20071072994
nmet hod for manufacturing the®15 magnetic recording

medi umin accordance with the present invention
excludes the step of; in magnetically separating the
B ingidenth etbod

magnet _ _ £ist aspect, the resist
p

P el of FREEA | W&“‘Z’“{‘ﬁ%‘%%g § der s
thEWMWﬂ@mhﬁﬂm@mwamsdmmgmp@@@hbkgof x ethenecativepatterns to the

qgﬁiﬁﬁfgﬁﬁgg he magnetic recording nedlun1surface
‘face contani nation, associated with
5 et chi n@lﬁé&nﬁ&mhmmeﬁﬂwdnv&kﬁbﬁmﬂmﬂammw&&m&t@dﬁmsﬁwdﬂn
for nanufacturl t he magnetic recording mediumin

adEPHYR Yr esent invention uses the mask
| ayer mw RN rotides| 28 YIRS foliieafil Uipe® ltheR3f B imagnetic
0 |nplant

the |jke i ons for form ng the _nmagnetic
réE‘&F’a'B apparctys camprisiag:

%MM%&%&J@M&%W%W%%
Ia meking it possible to Inprove the: ablllty to
hf;las dhe; magnetiomsending

maawmmam ml@nmnsa

patens }%ﬁmﬂ%@aﬁék§ﬁ5§Qﬁﬁéﬂﬁegﬁﬂﬂﬁna F%ng a %ﬂ%?lon |n

thm@umasundmgamdmnamdinasdamaniua@ﬂshszﬁmﬂqmmﬁﬂmshmwm‘&f

oA R o e o

In theThaep:’ead ﬁmwbmﬁualnwammmrmmn&gby

15 nﬁglun1|n accorda%ce Mﬁthﬁ%ﬁg Ereﬁgnt |nv'gnt|o[r}Iﬁ t he

F la ( bel S=Ovirt I E t ga/ bf t 03g§51

ar nul a el ow. o= rsw—vrga VISﬂ

mm@mmm cgoording pattegs frpm g, gother,

a e poecBI v IR BPIRY iffrfeSelbetwodh BRI Wb the-dacent
nd denotes the anount of renanen1nagnet|zat|on in

tﬂ@nmgwépﬁ@ns picedlent geoording density propertyat Theriresert dnvegtion can also

20 d F&F ﬂ@%ﬁ? ;éé{ﬂ;@&ﬁ% wiich has
rragnetlc m a ter% antation®o argon a

d dbeen cofisidérest to® Y8y conilicated: aistep nmgmuclambydmstdnng,a

p%g$§ﬁ@&bPﬂﬁg%§%%hfl§8¥§§h5&é%fron1 ngﬁﬁgﬁh 4 men?ﬂﬁmna

sdmaraﬂmdnhﬂmmhmgﬂkmﬂ@@ndhmmgﬂ&qnﬂmmmw
di sadvant.ageou resul ti,n th l'i keli hqgod of
unc ea?mh’ﬁﬁn&?*e}‘ﬁm Mﬁ@fﬁw ribg S e e it
25 f t th t m ﬂrﬂfj
rranu .ac urlng magnelcrec Ing nearumin
@6 PEesEEBVeRRqnthus provi @&W&WWM
te&&u&uw [ flopefty, Wﬁa SRR dy m?ﬂﬁg;ﬂkwm
or mul a

formed 10 on the nagnetlc | ayer

b eeeeing| pattemns frem ene omsmr@mtg)ﬁ»q possible rpévease(egﬂ)ea by the

rLr:alg%g t1c recor%ﬁ?ﬂw{l’gr H%%%%n%@eﬁg%%

300f¢mﬁnmﬁﬂﬂﬂgnetlzed pattern after inplantation of ions
into the nagnetic |ayer via the patterns on the nask
| ayer. The value of the magnetic recording pattern 15
thnnation property L larger than 0.2 nmakes recording
width larger than a predeterm ned track w dth,
di sadvant ageously resulting in the high Iikelihood
ofthe interference between the adjacent tracks. The
lower limt ofthe value ofthe magnetic recording
formation property L is O In the nmethod fir
mant facturing the nagnetic recording nmedi umin
accordance with the present invention, the mask | ayer
firmed on the magnetic layer is preferably firnmed of a

10
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- 12 - In the nethod for manufacturing the
magnetic recorcling nmediumin accordance with the
Present invention, the nmask | ayer preferably has a
i | . structure. Even with a resist wt
gﬁiﬁp | ection ratio, this structure enabﬁggn?ﬁghkn%"
foll owing operation, in whicl a first mask |ayer
i mredi ately below the resist is processed and the
first mask layer is then used to make the 5 formation

ofBrigfReseription oftes Krawingsir easier. This marlines to the

St ackefhit it ke VT i i Bl Sy of 8 ppHRE réniog

mambeiuefih adodrdancecivithithe phesenhintehtionsecond mask | ayer a nade

of Wop,. T .n.th thod fir facturin the
ragnet PG 28 ik, s 4 PRt P eTIRChG 2

Prmmmwmmmetplwﬁmﬂmdnayer firmed on the
magnet | c Iayer IS nade gf a erlal cog}alnlng 10 any

one of FiEy3 48 %@@EﬂEF“””mgmﬁ

" G WW Wm@hﬁﬁ” ng step using a
gas coﬁgalnlng F. Besides the fluorine gas, a CF4 gas
is preferably used as the gas containing F. These
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Preferably, in the nethod for manufacturing the
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presort 'intention, a material used for the resist
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head in order to avoid the adverse effect of a

magneti zation transition region at the track edge, the
di screte-tack nmagnetic recording mediumillustrated in
t he present invention has the magnetically

di sconti nuous recording tacks, allow ng both widths to
be set alnobst the sanme. This nmakes it possible to
provi de sufficient reproduction outputs and a high
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conditions simlar to those in 25 Exanple 1 except
that SOG (Spin On dass) was used as the nmask materi al
and that the SOG | ayer was directly inprinted using
the stanp without the resist layer. The inprinting
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5 inprhting operation was preforned at a pressure of
124 MPa (about 1.10 Van). The nmask | ayer was and by
heati ng the mask |ayer at 150C for 30 m nutes.

manuf act ured magneti c nol di ng nmedi a were eval uate

f‘% 2089020 magnet i ¢ conversion properties usi r@%’@fﬂ’ﬁ”"

stand. For heads fort evaluation, a vertical recordi ng
head was used fix rearding operati ons, and a TuMR head
VMS used for readi ng opaations. As the 10

elﬁemhdmm 8 isooore prefetably OB oPerk | Isbormula @)RMrtuad depotes the
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eval uati on. For exanpl e, in Exanple’ 1, the SNR was 1Z6
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dB andI“t

gﬁg%ﬁ ormgnet I C con%opert | E’%klogm?%ﬂ*hwm
c ondheimagnéng layetmedsFomubad2)bblownagnet i ¢ recor di ng medi um
floating 20 Br Bskr Lyl BIORIS® T he mmgnet 12at 1 on
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2.5 Fb 65607 P 56 4P Grgmsioed e e frlemcion o igp o te
Fllﬁamdlhlaﬁ(ﬁleﬂﬁpﬁtﬁﬁ\)onﬁnﬁsh Giyer | THeGEIGSSTE e infagietiGrecdrdiigattern
S aon poity I larpst theos 03 imslkes rording width larger than a predetermined track
width, disadvantageously resulting in the high likelihood of the interference between the adjacent
tracks.  The lower limit of the value of the magnetic recording formation property L is 0.

In the method for manufacturing the magnetic recording medium in acoordance with the
present invention, the mask layer formed on the magnetic layer is preferably formed of a material
containing at least one species selected from the group consisting of T2, W, Ta nitride, W nitride,
Si, 8i0,, Ta;0s, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As and Ni. These materials enables the
enhancement of the shielding ability S of the mask layer to shield implanted ons and the
nu_gneﬁcreomdingpattemmmtionpmpatyLofﬂwmasklaya. Moreover, these
substances are easily etched by dry etching using a reactive gas. This makes 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, T4, V or Nb is more preferable, and use of Mo, Ta or W is most
preferable.
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In the method for mamifacturing the magnetic recording medium in accordance with the
present invention, the mask layer preferably has a multilayer structure.  Even with a resist with a
small etching selection ratio, this structure enables the following operation, in which a first mask
layer immexdiately below the resist is processed and the first mask layer is then used to make the
5  formation of a second mask layer easier. This contributes to the productivity. For example, it
is preferable to use a stacked structure in which the first mask layer is made of Ni and in which
the second mask layer is made of Wor Ta.
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
10 anyoneof Ta, W, Mo, Ti, Nb and As, and the step of removing the mask layer is a dry etching
step using a gas containing F.  Besides the fluorine gas a CF, gas is preferably used as the gas
containing F. These gases allow the mask layer to be efficiently dry-etched and make it
possible to reduce residues resulting from the dry etching as well as contamination of the surface
of the magnetic recording medium. For example, if a CF; gas is used to dry-etch a layer
15  containing Ta, W, Mo, Ti, Nb or As, these elements can be gasified into TaFs, WFs, MoFs, TiF,
NbFs or AsFs, respectively, for removal.
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
N, and the step of removing the mask layer is a dry-etching step using a gas containing CO or
20  wet-etching step using an etchant containing nitric acid. The CO gas enables the mask layer
containing Ni to be converted into an Ni(CO), gas for etching-away. The CO gas also makes it
possible to reduce residues resulting from the dry etching as well as contamination of the surface
of the magnetic recording medium. For wet etching, the CO gas enables selective etching
when a thin film made of a metal alloy, which does not react with the etchant, such as Co, Cr-or
25  Au-alloy, is appropriately formed as the underdayer 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
30  containing Sn or Ga to be converted into an SnCl, or GaCls gas for etching-away. The chlorine
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gas also makes it possible to reduce residues resuiting from the dry etching as well as
contamination of the surface of the magnetic recording medium.

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
Ge, and the step of removing the mask layer is a dry-etching step using a gas containing Br.
The gas containing Br s, for example, a bromine gas. The bromine gas enables the mask layer
containing Ge to be converted into a GeBry gas for etching-away.  The bromine gas also makes
it possible to reduce residues resulting from the dry etching as well as contamination of the
surface of the magnetic recording medium.

In the method for manufacturing the magnetic recording medium in accordance with the
present invention, the thickness 8 of the recesses in the resist layer 4 resulting from the transfer of
the negative patterns of the magnetic recording pattems to the resist layer 4, shown in step D in
FIG. 2, is preferably between O nm and 10 nm inclusive. 'When the thickness 8 of the recesses
in the resist layer 4 is within this range, during the step of etching the mask layer 3 shown in step
E in FIG. 2, the edge of the mask layer 3 can be prevented from sagging, enabling the
enhancemert of the shiclding ability S of the mask layer to shield implanted ions and the
magnetic recording pattern formation property L of the mask layer.

In the method for manufactusing the magnetic recording medium in accordance with the
present invention, the angle 0 of a recessed side portion of the resist layer resulting from the
transfer of the negative patterns of the magnetic recording pattems to the resist layer, shown in
step D in FIG. 2, is between 90° to 70° inclusive to a substrate surface. When the angle 0 of the
recessed side portion of the resist layer is within this range, during the step of etching the mask
layer 3 shown in step E in FIG. 2, the edge of the mask layer 3 can be prevented from sagging,
enabling the enhancement of the shielding ability S of the mask layer to shield implanted jons
and the magnetic recording pattern 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 9 to the
substrate surface is the angle 6 of a plane obtained by averaging the curved surfaces.

Preferably, in the method for manufactwing the magnetic recording medium in
accordance with the present invention, a material used for the resist layer 4 in step D in FIG. 2is
cured by irradiation of radiant rays, and the resist layer 4 is irradiated with radiant rays during the
step of transferring the patterns to the resist layer 4 using the stamp 5 or afier the pattem transfer



10

15

20

25

30

W40 90:E5 6 0.8 0.01 75 12 Ex 7 W30 90*5 9 0.6 0.03
72 11.5 Ex 8 TaN 60 901:5 5 0.98 0.01 81 12.5

~ WO 2008/069082 PCT/IP2007/072994

- 14 -

step.  This manufacturing method aflows the shape of the stamp 5 to be accurately transferred to
the resist layer 4. Thus, during the step of etching the mask layer 3 as shown instep Ein FIG. 2,
the edge of the mask 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 pattemn
formation property L of the mask layer. The radiant rays in accordance with the present
invention are electromagnetic waves in a broad sense, such as heat rays, visible rays, ultraviolet
rays, X rays or gamma rays. The material cured by the imradiation of radiant rays is, for
example, 2 thermosetting resin for the heat rays and an ultraviolet aming resin for the
ultraviolet rays.

In particular, the method for manufacturing the magnetic recording medium in
accordance with the present invention executes the following process to allow the shape of the
stamp to be accurately transferred to the resist layer. During the step of transferring the patterns
to the resist-layer 4 using the stamp 5, the stamp is pressed against the smoothly flowing resist
layer, the resist layer is then irradiated with the radiant rays with the stamp pressed agaist the
resist layer to cure the resist layer, and the stamyp is separated from the resist layer. To iradiate
the resist layer with the radiant rays with the stamp pressed against the resist fayer, it is possible to
use a method of irradiating the resist layer with radiant rays from the side opposed to the stamp,
that is, from the substrate side, a method of selecting a material for the stamp which allows the
radiant rays to pass through and irradiating the resist layer with the radiant rays from the stamp
side, a method of irradiating the resist layer with radiant rays from the side of the stamp or a
method of using radiant rays, such as heat rays, which exhibit a high conductivity with respect to
solids to irradiate the resist layer with the radiant rays on the basis of heat transfer from the stamp
material or the substrate. In particular, the method for mamufacturing the magnetic recording
medium in accordance with the present invention preferably uses, as a resist material, an
ultraviolet curing 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.
regions 1o the minimum to prevent possible bhuring during magnetic 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 sclected from the group
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consisting of ions of B, P, Si, F, N, H, C, In, B, Kr, Ar, Xe, W, As, Ge, Mo and Sn, more
preferably at least one species selected from the group consisting of ions of B, P, Si, F, N, H and
C or the group consisting ofions of Si, In, Ge, Bi, Ar, K, Xe and W, most preferably ions of Si,
KrorAr.

If the implanted jons are ions of O or N, the effect of the implantation is low owing to the
small atomic radius of O and N, leaving a magnetization state in the intertrack region.
Furthermore, if the implanted ions are ions of O or N, the magnetic layer is nitrided or oxidized,
enhancing the coersive force in the inter-track region to cause blurring when information is
written in the magnetic track portion.  That is, if these ions are used, it is difficult to demagnetize
the magnetic layer, that is, to reduce the Co(002) or Co(110) peak of the magnetic layer and
make the magnetic layer amorphous as is done in the case with the implanted jons used in the
present invention.

In the present invention, the ions may be implanted in the magnetic layer before or after
the protective film is formed on the magnetic layer. * If the ion implantation is performed before
the protective film is formed on the magnetic layer, the protective film is preferably formed after
the ion implantation.

In the present invention, the ions are preferably implanted in the magnetic layer after the
protective film is formed on the magnetic layer. This step eliminates the need to form the
protective film after the ion implantation, simplifying the mamuficturing process. This is also
effective for enhancing the productivity and reducing contamination during the ‘process of

In the implantation of the ions by ion beams, the ions are implanted in the magnetic layer
using a commercially available ion implanter. In the implantation of the ions in accordance
whhﬁmprmthwm&omﬂniommhnphmdhﬂwvidnhyofﬂmewmaofﬂnmgndic
layer in the depth direction thereof so that a certain amount of atoms are distributed in the depth
direction of the magnetic layer. Howem;anobjectofﬂxeinmlantationistodemagndizepmt
of the magnetic layer in which the ions are implanted, penetration depth is not particularly limited.
The jon 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
tednﬁque,mchasdryaclﬁng,mcﬁveimetdﬁlgmionnﬁlﬁng,isprmmyused In
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removing the resist layer and the mask layer, it is preferable to also remove part of the protective
layer if the magnetic recording medium has the protective layer or to also remove part of the
magnetic layer if the magnetic recording medium does not have the protective layer,

In the method for manufacturing the magnetic recording medium in accordance with the
present invention, a lubricating layer is preferably formed on the protective layer. Examples of
a lubricant used for the lubricating layer include a fluorine-containing lubricant, a hydrogen
carbide-containing lubricant and a mixture thereof The lubricating layer generally has a
thickness of  to 4 nm.

FIG. 3 shows the configuration of a magnetic recording and reproducing apparatus in
accordance with the present invention. The magnetic recording and reproducing apparatus in
accordance with the present invention comprises the magnetic recording medium 30 described
above, a medium driving section 11 that drives the magnetic recording medium 30 in the
recording direction, a magnetic head 27 made up of a recording section and a reproducing
section, a head driving section 28 that moves the magnetic head 27 relative to the magnetic
recording medium 30, and a recording and reproducing signal system 29 that is a combination of -
recording signal processing means for inputting signals to the magnetic head 27 and reproducing
signal. processing means for reproducing output signals from the magnetic head 27. The
combination of these comporents makes it possible to provide a magnetic recording apparatus
‘with a high recording density. Compared with the magnetic recording medium in accordance
with the conventional technique of setting the width of a reproducing head smaller than the width
of a recording head in order to avoid the adverse effect of a magnetization transition regjon at the
track edge, the discrete-track magnetic recording medium illustrated in the present invention has
the magnetically discontinuous recording tracks, allowing both widths to be set almost the same, -
This makes it possible to provide sufficient reproduction outputs and a high SNR.

Moreover, when the reproducing section of the magnetic head is composed of a GMR or
TMR head, a sufficient 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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method further enhances the recording density. For example, a sufficient SNR can be obtained
even if reconding and reproducing operations are performed at a track density of 100 k
tracks/inch or more, a linear recording density of 1000 kbits/inch or more and a recording density
of 100 Gbits per square inch or more. Examples of the present invention will be described
below.

Example 1:

A vacuum chamber with a glass substrate for an HD set therein was pre-evacuated to 1.0
x 10° Pa or less. The material for the glass substrate was crystallized glass composed of
LiSi0s, ALOsK0, MgO-P;0s or Sb;05-Zn0. The glass substrate had an outside diameter
of 65 mm, an inside diameter of 20 mm and an average surfice roughness (Ra) of 2 A.

Thin films were sequentially stacked on the glass substrate. Specifically, a soft
magnetic layer of FeCoB, an intermediate layer of Ru and a magnetic layer of 70Co-5Cr-15Pt-
108i0; alloy were first deposited in this order using the DC sputtering, and a protective film
layer of C (carbon) was then formed by the P-CVD method. The FeCoB soft magnetic layer
had a film thickness of 600 A.  The Ru intermediate layer had a film thickness of 100 A. The
magnetic layer had a film thickness of 150 A, The C (carbon) protective film layer had an
average film thickness of 2 nm.

A mask layer was formed on the resultant stacked structure by sputtering.  The mask
layer was made of Ta and had a film thickness of 60 nm.

A resist was then coated on the mask fayer by spin coating. The resist was made of a
novolac resin which is an ultraviolet curing resin and had a film thickness of 100 nm.

A stamp of glass having negative patterns of magnetic recording patterns was then
pressed against the resist layer at a pressure of 1 MPa (about 8.8 kgflem®). In that state, the
resist was iradiated 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 pattemns to the resist layer. In the magnetic recording patterns transferred to
mmhya,mmonmmmmmmam&mm
and recesses in the resist traced circumferences each having a width of 60 nm.  The resist layer
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had a layer thickness of 80 nm, and the recesses in the resist layer had a thickness of about 5 nm.
The angle of the recesses in the resist layer to the substrate surfacé was almost 90°. 7

Regions of the resist layer corresponding to the recesses and the corresponding regjons of
the underlying Ta layer were removed by dry etching using the mask layer. The dry etching
conditions for the resist included an O, gas flow rate of 40 scem, a pressure of 0.3 Pa, a high-
frequency plasma power of 300 W, a DC bias of 30 W and an etching time of 10 seconds, and
those for the Ta layer included a CF; gas flow rate of 50 scom, a pressure of 0.6 Pa, a high-
frequency plasma power of 500 W, a DC bias of 60 W and an etching time of 30 seconds.

Jons were subsequently implanted in the magnetic layer from the front surface of the
resist layer. The implanted ions were Ar ions, the amount of the ions implanted was 5 x 106
atoms/cm’, and the acceleration voltage was 20 keV. The resist, mask layer and protective film
were partly removed. A carbon protective film was then formed again in a thickness of 4 nm
by the CVD method, and a lubricating material is coated on the carbon protective film. A

Examples 2 to 28:

Magpetic recording media were manufactured under conditions similar to those in
Example 1 except for the material and film thickness of the mask which were changed as shown
in Table 1. In Example 28, the resist material was changed fiom the novolac resin to a
thermosetting resin, and the curing treatment was changed from the ultraviolet irradiation to a
heat treatment at 150°C for 30 mimutes.

Comparative Example 1:

A magnetic recording medium was mamufactured under conditions 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/om?).  The mask layer was cured by
heating the mask layer at 150°C for 30 minutes,
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Comparative Example 2:

A magnetic recording medium was manufactured under conditions similar to those in
Example 1 except that a thermoseiting resin was used as the mask material and that the
imprinting operation was preformed at a pressure of 124 MPa (gbout 1.10 t/om®). The mask
layer was cured by heating the mask layer at 150°C for 30 minutes.

The manufactured magnetic recording media were evaluated for electromagnetic
conversion properties using a spin stand.  For heads for the evaluation, a vestical recording head
was used for recording operations, and a TuMR head was used for reading operations.  As the
electromagnetic conversion properties, an SNR value and a 3T-squash observed when 750 kFCI
signals were recorded in the media were measured. _

The magnetic recording pattemn propesties L, Lisy and L.pe were measured and
calculated using an AFM and an MFM mamufactured by Digital Instrument Co, Ltd  The
measurement conditions for the AFM and MFM inchuded a 10-pm visual field, a tapping mode
with a resolstion of 256 x 256, and a sweeping speed of 1 um/sec.

Table 1 below shows the results of the evaluation. For example, in Example 1, the
SNR was 12.6 dB and the 3T-squash was 80%, indicating that the magnetic recording medium
had excellent electromagnetic conversion properties. This is conceived to be because the
magnetic recording medium had a high surface smoothness to stabilize the head floating
property and because the magnetization state of the inter-track regjon disappeared completely
over a predetermined range.
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Table 1
Mask Angleof | Thickmess| Ion | Magnetic | 3T-
Mask Film | Resistlayer | ofresist |shielding| pattem | squash | SNR
material | thickness| side portion layer | ability S | propestyL.| (%) | (dB)
(hm) 8{dog)  |recess (nm)
Ex. 1 Ta 60 o0tS 5 0.99 001 80 | 126
Ex 2 W 60 o045 6 1 002 82 12.7
Ex. 3 Ta 50 9045 4 09 0.02 81 |121
Ex 4 Ta 40 o045 5 0.6 0.01 - 76 J116
Ex 5 Ta 100 9045 6 1 0.01 82 |128
Ex. 6 W 40 OS5 6 08 0.01 75 12
Ex. 7 W 30 o0+S 9 06 0.03 2 11.5
Ex_ 8 TaN 60 L5 5 0.98 0.01 81 125
Ex. 9 WN 60 o045 6 0.99 0.01 80 124
Ex 10 NiTa 20/40 ) 9 1 0.01 82 127
Ex. 11 Ni/W 20/40 905 6 1 0.01 81 128
Ex 12 Si 100 905 6 0.99 0.01 82 12.5
Ex. 13 SOy 100 90+5 5 098 0.01 81 12.5
Ex 14 Ta Oy 100 o0:5 6 099 0.01 70 124
Ex. 15 Re 80 - 05 7 0.99 001 30 12.7
Ex, 16 Mo 100 0045 6 0.96 0.01 79 126
Ex. 17 Ti 120 o045 6 0.96 0.01 78 126
Ex18 | V 120 0045 6 0.04 0.01 79 12.5
Ex. 19 Nb 120 o045 4 0.93 0.01 81 12.7
Ex. 20 Sn 120 O0ES 5 0.99 0.01 82 123
Ex. 21 Ga 160 O0L5 7 093 0.01 81 126
Ex. 22 Ga 100 905 8 0.96 0.01 80 12.5
Ex. 23 As 160 a5 9 098 0.02 79 124
Ex 24 Ta 60 8545 10 0.87 0.08 76 12.1
Ex. 25 Ta 60 755 10 094 0.12 72 11.8
Ex 26 C 100 OS5 7 02 027 56 104
Ex. 27 SOG 100 oS 7 04 032 59 10.7
Ex 28 Ta &0 6545 40 0.97 022 85 11.1
Comp,
Ex 1 SO0G 100 055 40 04 037 51 10.7
Comp. | Thermo-
Ex. 2 setting 100 6545 40 04 0.29 54 |109
resin
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_ For magnetic recording apparatuses that face technical difficulties associated with the
while ensuring recording and reproducing properties equivalent or superior to those achieved by

5 the conventional techniques. The present invention also reduces the coersive force and
remanent magnetization in the inter-pattern regions to the minimum to prevent possible bhnring
discrete-track magnetic recording media manufictured by forming recesses and protrusions on &
magnetic layer preformed on the substrate, the present invention eliminates a magnetic layer

10 removing step executed for the conventional magnetic layer processing method, substantially
simplifying the manufacturing process.  The present invention also provides a manufacturing
method with reduced contamination risks and a useful magnetic recording medium with an
excellent head floating property.
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Applicability: For magpetic recording
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implanting ions in the magnetic layer from a resist layer-side surface to partly
demagnetize the magnetic layer; and

removing the resist layer and the mask layer.

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

wherein the mask layer formed on the magnetic layer has a multilayer structure.

3. The method for manufacturing the magnetic recording medium according to claim 1,
wherein the step of removing the mask layer is a dry etching step using a gas containing F,

4, 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
pattemns of the magnetic recording patterns to the resist layer, which have a thickness in a range

of 0 nm to 10 nm.




- 22 - CLAIMS |I.A nethod for manufacturing a magnetic
recordi ng nedi um havi ng magnetically separate nmagnetic
recording patterns on at |east one surface of a
nonmagneti ¢ substrate, the pethod conprising the steps
of formng a magnetic |ayer on the nonmagnetic
substrat e; formng a mask | ayer nmade of a

Rt er imaé meBbE ol AEnALRM th@ma%]%nec@@m@i.ﬁmwiwo cilih 4,

and Wn the magnetic |ayer; tormng a resist |ayer on

t Wersih g rysigylayer having fag wksssen fprpeighersy afiss derstsp (76 repierng the

NRYARL b&e&me%@%@%ﬂmu% 14 HEredi® B haslaBME portibhi Hhing

a stanp; renoving portions of the mask™|ayer i ch

cavange pemize o 99 edgelatiye fogsurtaee df e nonanagnetis sybsttay err ;

inmplanting ions in the magnetic |ayer froma resist

| ayer-side surface to partly denmagneti ze the magnetic

| @y er Thamdthedfoo mamdpctutieg thesagitticl reopaling aediumbegcandingkto claim 1,

layer.. 2.. . The.nethod for.manufact uring.the. [

e S P TR B b R 7 el Y h Bl i e

nisis lalya ysetadfared wititradicactiveeaysaging br aferit@\ep ofvasfearingthe patterns to

Lﬁ er, ftruc%ﬁﬁe. 3. The method for manufacturing the
éﬁﬂ?aﬁﬂP% * medi um according to claimi1,

wherein the step of renoving the mask layer is a dry
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a@g@&%@@digﬁiﬁlﬂgmg{mvyg&%ﬁi_ n the resist relay has
recesses formed'therein after the step of transferring

the negative patterns of the nmagnetic recording
patterns to the resist |layer, which have a thickness
inarange of O nmto 10 nm - 23 - 5. The nethod
for manufacturing the magnetic recordi ng nedi um
according to claim4, wherein the resist |ayer 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 formng an angle in a range of 90 to 70
relative to a surface of the nonmagnetic substrate.

6. The method for manufacturing the nmagnetic recording
medi um according to claim1, wherein the resist |ayer
is made of a material cured by irradiation with

radi oactive rays, and the resist layer is irradi ated
wi th radioactive rays during or after the step of
transferring the patterns to the resist |ayer using
the stanp. 7. The nmethod for manufacturing the
magneti ¢ recordi ng medi um according to claim®6,
wherein the radi oactive rays are ultraviolet rays.




