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DESCRI PTI ON METHOD FOR PRODUCTI ON OF MAGNETI C

RECORDI NG MEDI UM MAGNETI C RECORDI NG MEDI UM AND
wOREGNEBd@4 RECORDI NG AND REPRODUCI ON DEVI CE Cr 0B€T/JP2007/068019

Ref erence to Related Application: This application is

an application filed under 351U.S.C. Ill(a) claining

the benefit pursuant to 35 U S.C. 119(e)(l) of the

filing date of Japanese DESERIPHGNI cati on No.

2006- 257153 fil ed Septenber 22, 2006 pursuant to 35

US. C 11 I (b). Technical Field: This invention
MEFHUIS FOROPRODIOEION ommgwk%q}éme MEDROM, MAGNETIC

roduct i her eof,

hard disk drive, a method for the p on t
REGORDINGY MEDIUMe cANDI M AGINE FIE€p RIHLORDENGI AN e REPRODUCION
:Dﬁgﬁﬁground Art: In recent years, as magnetic recording
'ces, such as magnetic disk drives, flexible disk
drives and nmagnetic tape drives, have i mensely
expanded their ranges of utility and gained in
CrosyReferengp teRelatetl dypplicaione been directed toward

X R
pudl@isi to/ 35RAISIC.c3l13(d)§1) dfhtle ifilimEedse of TasdhkeéeaPetent Application No.

recording density has been further grow ng in ardency
2006231 54 Bledreptsentet 25,2006 purreanitig ASLRESSILIE (MR

head and the Partial Response Maximum Li kel i hood

(PRWM.) technique. Onmng to the further introduction of
Tdcheic@liEealkd: Magnet Resistive (GVR) head and the

Tunnel.i ng Magneto Resistive (TMR) head j.n recent )

yeapﬁzlse Yeniini Felaies fo & Taegnetin GPIRgIing f’éedd‘é‘&efobflsea%m a hard disk

dr30%0 REhod &8 the ', ﬁﬁctﬁﬁgﬂ@fekﬁ GEIEC h .gﬂgtiér?%o?diﬁg Qnd .r?lilroduction

being urged to attain a sti I gher “recordi ng densi

devivef ut ure and their magnetic recording |ayers to
acconplish addition to coercive force, Signal to Noise
Rati o (SNR) and resolution. Recent years have been
Bakbrragiarg efforts that are being continued with the
object of enhancing the linear recording density and_ )
addilagrecent: years (ast aeanatiscrecaiding devises, ysubly asnmagnesicndjsk drives,

e WA 1 b Rl R BR T rnes of
utitify’hnd gained in significance, efforts have been directed toward enabling the magnetic
recording media used in these drives to be prominently improved in recording density.
Particularly, the increase in surface recording density has been further growing in ardency
since the introduction of the Magnet-Resistive (MR) head and the Partial Response
Maximum Likelihood (PRML) technique. Owing to the further introduction of the Giant-
Magnet Resistive (GMR) head and the Tunneling Magneto Resistive (TMR) head in recent
years, the increase is continuing at a pace of about 100% per year. These magnetic
recording media are being urged to attain a still higher recording density in future and their
magnetic recording layers to accomplish addition to coercive force, Signal to Noise Ratio
(SNR) and resolution. Recent years have been witnessing efforts that are being continued
with the object of enhancing the linear recording density and adding to the surface

recording density by increasing the track density as well.
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As the track density is further increased, it tends to
entail such problens as causing interference between

wohespasdss of data magnetically recorded in adpatar1007/068019
tracks and inducing the magnetization transition -
region in the borderline regidn to constitute a noise
source and inpair the SNR This fact hinders the

enhadndbentatest aagniatic reooding dgvides she tradkedensiie hat reached 110 kKTPIL.
rat.e.

' ' . in | [ the bit erro .
A%:gi?ge?ljﬁgeﬁ ;ec’ilg Sétg,g?gu L }éggqr%\g :Iqlggfgfﬁfrsf g)cgnt@]ic%lp imablems as causing
intdefbinte betwednS thee AES AF Ydatd) MaghBifcall) dekbidal in g&i%e% Nfhcks and
. bits on the magnetic recording nmediumbe fornmed’in as .
1nqlk;4cmﬂ the qnagnetizalion Jrnsitioh aeging 1w thebbarderlioe segion € amstitute a noise

solfiE 3 3AbHE e SN 92l A HEirh %, SRGPGant e B® recording density
betaust itdémneeifatelna sesultn isiof@ring eweiedroririiey tend to entail

suc roblens as | essening the m nimum vol une of
rragﬁzé’? i g“atsiﬂ@no Bycregping Fhe| spiengcieprding: density.oit ipfnecessary that the

.y . . i zat y.0n . ever sal . .

B AT P Db R R, KT s s

as tpoasiklepantdc knaplaiveo semird ,as tiige raaReed indges Mo JardieaGhetic film
servQ nechanj sm of extrenely

RS LA e T A3 N s, e, ey e
to RARATdueR éﬁéblérhﬁ S8R0 O hn S eh R Qgﬁlprf’e 5@&8@%&9&@{‘@ bit and
| arge width and executing the reproducing in~a sna F
indpjcingrextinetiordoff ieegrded data ¢lrongh thy magretizationarevdrsal caused by thermal
[ 'I{1ati ng the influence fromthe adjacent tracks to
ﬂuﬁ% ul | est possible extent. Notw thstanding that this
et Woethérs GARAKE 10fcks PREH 888WITsthiE Y InBRER: DRENRRR device
the adjacent tracks to a minimm it entails such '
neqesH it mstrackingeseae maghagisnf pi¢xsremelic bigh sicturacy afd, thihe same time,
: Qd Ke) ifficult .and, consequently )
st hedls dASRACHF s Moot of hey BBF Freordie Tedargggvidth and
exa@rnengrelen seproduzpeinig tshallbe width thaindefing gy f%brdingswith a view to
fluctuation and acconplish acquisition of a due SNR or
elinginafipg &‘leellﬂ usBefomatheapdiengitt tracksnbartbe filllest passible extent.
EAVE (AR ' il AVt | and
NoR Sk U 1R bR 5P Yafite oF SbBRAGRY e ARG, betwoen the
adjnesnib trathsgo madinimum,id entailserh endblem phyehdalngsufficient acquisition of

separ.atin tual | y..t he adj acent tracks i.s now under )
them%‘@?“ﬁﬂé E‘%E‘ré%ﬁﬁ?‘a Lﬁ%fﬁ\ﬂ'lﬁan COngsauently Inyrring diffignlse i securing a
suffici@akSNRt hod" and the magnetic recordi ng nmedi um t hat

is produced by this technique will be referred to as a
- As one means to cope with the problem of thermal fluctuation and accomplish

acquisition of a due SNR or a sufficient output, an attempt to enhance the track density by
forming irregularities (concavities and convexities) along the tracks on the surface of the
recording medium and consequently physically separating mutually the adjacent tracks is
now under way. This technique will be referred to as a “discrete track method” and the
magnetic recording medium that is produced by this technique will be referred to as a
“discrete track medium” herein below.

As one example of the discrete track medium, a magnetic recording medium that is

formed on a nonmagnetic substrate bestowed on the surface thereof with concavo-convex
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"discrete track nmediunt herein below. As one exanple

of the discrete track nedium a magnetic recording
waoradisssdsnat is fornmed on a nonmagneti c substr 2C®/JP2007/068019

best owed on the surface therepof with

concavo-convexpatterns and emabl ed to acquire

Eg%si cally separated magnetic recording track and
padenny gnd egpbled o eqtive physicalde seplerasesh nfageétis recbafing track and servo

i 2) . Thi {] cordi ng
Slgﬁé [ u%ﬁfﬁg%%géggr&?‘%pn@gﬁé% Igg’faév)é?’ Q‘? E?'Kg&@ﬁi%@g%ur face
of dhsubmsgneaticaepadmgsatdignm chaplaUedbink né¥c layer formed on the surface

fi rrequl arities, on the surface thereof via a soft
oL B JIFBITPe POSSRssIng iy Phuality qfr isteaularities fon| the fsorfaed thenedfhda a soft

Hetham f ' yer., Thi.s etic .
e o o il e oL EmeXftne 3l Hpe frpaenetic ayer
Thisheegasticregordingcmedioor Hasnfprmediinnke WBERRGLA Gadibis thereof magnetic
recg}a{hdfed.gromthe nvj. r.ggd%gnts. According to this

ey e RO Juagngisally i omhe envirenmepiat a
hi gAceerasist Yo TR NGh et ' M 8SULNGN - :
gr eazc noi sgte %an 81215 IE)\ertlrrcneel‘je @E:%g{(}‘a ?Lng’n}tagst H%lﬁapa?ﬁehlgh'denmy

magpetigrieeqrdinganedingristuing nmgilest noisecandfet formehBédagsd ¥ Fhct that the
j reventing the influence

d I
oo RE R RRRRE Rl Bh ot SfhoredBade e i b gupigsied results o

preaéitimgi tig @luened io thérimal THREE68 NEEMP : :
adj.acent signals. The discrete track %pﬁgg:pﬁagﬁkn%%d allowing

extingtiog gt i fegence betwegn thet adiatenttiigials or ms a t r ack
sub I I Ng- magneti c.recardin [
conarRete Eack U VR EIE b i 1. TRGHBO GBI forms a track
subsespulsntckovtbinting hanaghetic fabididel hBAiTRMABALsEnd SCLAFHEG of stacked thin
e

£l nedi um ej tger .d}ib{‘ectly on_the surface of a substrat
‘“bsra“&?o%]ﬁﬁ sl forms 4 thig-flsh sagecticoreedinganedinmseither directly on

the tshificef df t r ion of a track )
© Ml S0 UbSUERE of SARqetl o' Rl TR e hun it on a thin-fim
layer gearly1fps teAprmation dfor i (r?‘émﬁﬂ,exaﬁp?ptwﬁ-é:%)\(l)gh 1t7223963 and JP-A
IBgASLIC LAYRr processin e, is at a . .
2005 sﬁ%#)er*lhé/gﬁi“ﬂ r ﬁaoan@%al ‘%/i’gleﬁ SRSRLtic deen Proreswiel type, is at a
disaduaittge it QuiEQiHS theOfneMUROHE bi d - i
pmgon'pligecati ng tl’%z Srogess of B%?ghéﬂgt?%%ﬁgléh&glqur%lécﬂélﬁscgurse of

yetiop g eseptlyreomphigatingthe proces of prpdattiaLas wek Setasda requires
rmation of the medium

- : t .tq the.f
the jﬁ%ﬁ“fﬁgﬂ'@t@%&@ RTINS oh ecirucd T uibSBuEn oo Begemeion of the
mediympe, TheHattghmethbd,i ofebicianed 5288y kg h%8t induci
({}mel our segjcr;;1 product i gn, i s at og%gibgéggl\q}gr%’%é@{{ﬁh%gt inducing
reaqyi %%{ﬁﬁ“fl%ﬂ%% Apring 3bg cowrseof redystion, uiseatam disatheantezie gint disabling
i ' or di nd reproduci head .
stabggzggltngg‘f?l})é gibé@fataéhfﬂé% gglgfuﬂgpg% at}%’p?’g iRy o 3 reproducing
head pdaptédhty executheecveding and espaodieing while floating on the medium because

the concavo-convex shape formed on the substrate is fated to continue existence on the film

to be formed.

A method for forming regions between magnetic tracks of a discrete track medium
by implanting nitrogen ions or oxygen ions into a magnetic layer formed in advance or
irradiating the magnetic layer with a laser is disclosed (refer to JP-A HEI 5-205257). This

prior art reference, however, has no description about the fact of installing a resist or a
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t he concavo-convex shape forned on the substrate is
fated to continue existence on the filmto be forned.
wé 2omtoasd4f or form ng regi ons bet ween nagneti cPCTARN97/068019
of a discrete track nedi um by inplanting nitrogen ions
or oxygen ions into a magneti¢-layer forned in advance
or irradiating the nagnetic layer with a laser is
m@ﬁksblr ngdhe chlmeeqf theingHamatitEl of5oR0SWhE) theTesist qrrmask isumdt installed,

N RN I A TN -

tra&ks.t he inplantation of ions. Wen the resist or mask
is not installed, it is difficult to restrict the
i pl Bthgt,i wnthef Pliodh@ﬂ(glob@lﬂ}e so-celled pattroads niediume dravingemagnetic

B AR R SR g ormin e

mgpietie rerding patets Wyt the &tdhinge dlithegy |1ﬁ[1d11ﬁﬁioxf of b? atﬁé“ impartation of
bit, the concept of formng the magnetic record

a%%?h‘éisﬁ%ss by tbﬁ dnagnehc dayeniis Hisclosed fﬁ@dﬂ&tT@hﬂTjﬂl Bypctrh of IEICE,
t
MEIDGH-53 (PP T PREIRT AR, s, PEPRRedifgic8” Shtolation and

Cavira0fiSathdn Eafitker2nd (. Paldnt 2. 6,80 ¢, 35m)st it uE e of )
El ectron nf or t| n. and Conmuni cati on i neers
and h&i%ﬁﬂ% =§§i3%a§port$wememsnt installingia mask on

reSloss3 laxé’e@ﬁné 8ROk oﬁ’snb 8 ItHE rl‘ltla 1(3 RSER bl r}ﬂe am §1!fc layer and
P :

on regi ons excepting the reglon et ween
1rrad1@t¢mgtmmlagnetlmgmewnh 1dm1y1e faikrid nientianl Spinl-@g-Glhﬁ (SOG) as a mask.
it fai.ls to nentio

I
gglgn g a r@u\é%)to 18n %@Rntaggn taﬁé)rgad)éq(re&s]; gr-¢ tageth hard mask

thathseob«ameu mplo@aﬁ@g {Rurfé: F DRRHEN Rith 3tmOhl & 4Pl layer of SiO
hard mask that is obtained by coating the surface o

anfpENCEpsing the caated mediven with anorgpaid zeyist hastbesh teing dsed

ro t d| um..wi_t h resi st
P R el B, FOUITRE, st erotihe % Ao st
ent ditlesorgani¢ f3ise Baninbt inhﬁ‘lfésoh sofficlRgt faklding cFfeet %aﬂ%ﬂtl‘fé impact of
ifest a sufficient shielding effect

. t t

s it STETD Pospaet thoon BHIASAtion bymsac o3 Asoddubomalldensity. T
is il@%%%b{i@jb@ﬂ}ﬁ?ﬂé@ﬁ%ﬁ%%ﬁﬁ%sﬁ% &zﬁ% ylgl#&gisu%{ C'E%ééﬂl{se it is destitute of
bondisg shdisomsilesaattereg byesilsienoit) 1dnecause it is

R R N TCNENCEL TSN ——
oxRleQdseRsks Rifieldifg EMER LA F&!stMRe 8F cé“tallrf"bé%l &hintBitRlioPmplantation.
It, however, incurs such extra labor hour as in specially preparing a primary mask by using
an organic resist and processing the layer of metal or oxide as a mask by dry etching. The
labor hour is at a disadvantage in complicating the process and degrading the yield and the
cost.

This invention is directed to a magnetic recording device facing a technical
difficulty in consequence of the addition to the recording density and is aimed at greatly
increasing the recording density while securing the recording and reproducing property
equal to or better than the conventional product, and as well decreasing to the maximum

the coercive force and the residual magnetization of the regions between the magnetic
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oxi de possesses shielding effect and resistance of

certain |level against the ion inplantation. It,
waamsases4i ncurs such extra | abor hour as in speTiJpiony068019

preparing a primary mask by using an organic resist

and processing the layer of mdtal or oxide as a mask

by dry etching. The | abor hour is at a di sadvantage in
recwdipli méteimpartsh ¢hepebycelgsinating tdegbladinggthih ecquire ddrign the magnetic

t he. cost,. This.invention is dirgcted to a netic .
reqQi B e abIAE PERTipE 104 BRI NeRAIY | RATElarly concerning the
discPele AL RaBn&ic febbrd bdiOm the: &%tsrﬁ%rﬁm§%%§gﬁ%c layer as a

and is ained at greatly increasing the recording
filmepsia substratecanslesups¢qugntih domsvg idegyarie oe pheo thaghetip layer, this
. property. equal to.or betier.than the conyentiona . g
inBRE 1 Hini T 20 e 2 dEhEL o AEF et R, TRl simplifies the
pré&ss of peodueti6r and detiagsek ahd Gk lof HRARRTIAA RN BN eRdludiie the step of

regi ons between the magneticrecording pattern parts,
repREngile alagnstivaleysrgpstaempsradr with ghe ¢nuventionat methnd; negessitating the

h I C.ile s d ent ual L.y | sing t.he . .
s O PRSI e RN Mg Te Bl pE P Bl o G HRME $10Fes s basic
skele®nl ahé coneqieMBoNLbIPlisEeO IS AgniXE6h WhH 4 hakk rseBablé $or the ion
T om,formE‘%ﬁa, rragnetiq%‘ | ayer as a filmon a substrate
1mpRgtation sWHEHt Ingreagpg thy numbey Afasters @ad ;s welk providing a useful
oy _ Y e § . . ovi

R Bl Y R S s SO0 eny o
heahbugmocess of producti on and decreases the risk of

contam nation by excluding the step of renoving the

magnetic layer as conpared with the conventi onal
DisBbheé of'@e ESwdntighi N9 the step of processing the

magnetic |ayer, using the mask of SOG having Si O as

i t s Hespresenk einserdion previdesnse dee dirsty aspeco tpréathiangethiod for the

rmation of a.mask suitable for the ign inpl at.i on .

it o A btarRul PErordte it Smrriiigs B TR T fafting s magneri
layfr @ni £l nB@mapriesie fsubstilg njebteng” f6Ms AhiodpdrEEhd!BF the magnetic layer to

exhi biting high surface snoothness and excel | ent
capseother portions febe damaganiésed oy abowed e aghuirg@morphousness, thereby

wHETY LA B9 UL R 58 Lot rigin

t aspect t ctl
atoregemhprisingtherstéps @f appllying to aosupfats bfithetfoamed gagnedic layer an SOG
form ng.a maghetic | ayer on. a nonmagnetic, supstrate, .
filfn 258 (PG BUOHTe MR Eer LIBHES Si° THBLAGSRPEoRg ks Seigace with
at¢iRs SRerbB\E pRAY 1ihjRBBnd RtoBR AR ME fo‘?&ogrn%ﬁé 18er @111&)9%1? Iﬂlgtaﬁrgons of the

acqui r e "anor phousness, thereby m ng "a magn
magaptae lyefromavhdch the resisistienypvpdiot mrwhich ke rssistds tfinned.

'n) Figttlaens%c})l?cf aspect of the invention that includes the method for the production of

a magnetic recording medium set forth in the first aspect, the SOG film during the
irradiation with atoms contains an Si-O bond in a ratio of 70% or more based on a total
number of bonds in the SOG film.

In the third aspect of the invention that includes the method for the production of a
magnetic recording medium set forth in the first aspect, the step of partly removing or

thinning the resist comprises the step of using on a surface of the applied resist a stamp
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atons conprising the steps of applying to a surface of
the formed nagnetic |ayer an SOG filmas a resist,
weoaonasiopsasenovi ng or thinning the resist, and PCT/JP2007/068019
irradiating the surface with atons, thereby partly
injecting atons into the magn®tic |ayer through the
portions of the magnetic |ayer fromwhich the resist
havimgr omwado-gonvet shipe foried oreis surfacs, thetebRathnsfefriigithe concavo-
second asp‘ﬁct f the invention that includes the
CORRXhaPe By the swriaseodtha iegf- of a magnetic recording
medigy %esﬁ)hrth%ﬁégt bi'thk %eﬁiiﬁr?fha%@ﬁl%s the !?ﬁet%o@tﬂ%ﬂroduction ofa
during the i1rradiation wth atons contains an Si-
mdgnetdc revosdingamediuaf se¥ G8ttitom thothérdraped, the SOG Hina immadibeely prior to
of bagnds.jn the SOG fi l In the third ect of the
the’ FraRlE S tHErERRCHIREIAMIES Shane SABIARRAT SFOr MAdsioH R rp range of
109 tP3 VB BRRH o the 6l HubbeBIHonds ffthe KOG Rihn the first
aspect, the step of partly renoving or thinning the
r esilstthe Gfth raisprst of the igvenpion thay snakgdes thexmsthofl forthefprodustion of a

appl.ied resist .a st avi a_cqoncavp-cany shape ..
midBBli i Heaft s BT rttahE e R TH aMoig or thinning
thE ARIBEYIRFHNES ParslRMidOthe @@f@éroffﬁceeap?iiea Pgistesist. In

the fourth aspect of the invention that includes the

met Hodhe gxthraspeqs obthecnyestion thag ineligrles the medlash for the production of a
) . St y S , . :
ARGl Bl B DR D AeFBBGE: g R by romoved o
thinaat portiogoimsenthiRRage i€ @ Ringe S0 am i 150 dwnd in a ratio
in arange of 10%to 30Q0% based on the total_ nunber of

bond8 theSevgrthaersct pf the tpventipr thet mchidgs fearethed faséhe production of
i i,0
o U AR pl e ol e I8t pfct, U AL iRemoved or
thiapgbpdrt hvhieg 8 tvadthaff 108mi gr lessnamdi antdyiclirpatthhanimigngwidtle of 200 nm or
1 resist conprises partly etching the surface of the
®Spplied resist. In the sixth aspect of the invention

t hatry itlﬁhcéigﬂﬁ%s%éw of @R nfioN tHaPBrcRIdOSHHE th@Ro Pfor ?he production of a

magnetic recording nediumset forth in the firs

magsplée recording mesdiunm setnforthein she firsy aseaetvibel stop aftpphyéng the resist is
peUEDS 55 LB DR Pl BLRr3he i b 8 g

layefe nmethod for the production of a magnetic recording
medium set forth in the first aspect, the resist has a

r endféke Binth #pasted thrntnyenion the iBcluflenthe arethnggfon thegiroduction of a
e A AP BR 001 4 Ak 98 o2 et e s
ofione bndese tembrestseledteddron e growscatsisting of BaP, Si, F, H, C, In, Bi, K,
Ar, Xe, W, As, Ge, Mo and Sn.

In the tenth aspect of the invention that includes the method for the production of a

magnetic recording medium set forth in the ninth aspect, the atoms to be injected are Kr or
Si atoms.

In the eleventh aspect of the invention that includes the method for the production
of a magnetic recording medium set forth in the first aspect, the magnetic layer has a

thickness in a range of 3 to 20 nm.
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magneti c recording mediumset forth in the first
aspect, the step of applying the resist is perforned
wonow/ssifiace that results fromform ng a prot eCTidpmo7/068019
filmlayer on the magnetic layer. In the ninth aspect
of the invention that includées the nethod for the
production of a magnetic recording nediumset forth in
t Pe Thie ristendion doithert fi6vidésoassthe awekith mipectt thereaf @ mdgnosc recording
meggﬁg :quq?{q@dng; %@’neng?heogisf,o? [e:hl’eeﬁx:qfoglgg’t{o;l?p? %El%g%tif?:urgpgrdygg’ medium set
. . falated tenth aspect of the
forw}{/ﬂgéﬁl iogﬁﬁ 0tfﬁﬁa%t [ ngl%lﬁhygétjﬂta e Frsét hod for the production
of &hedugreatioe furteo pehividdgs ae dietthireenthfaspédt thenedflaemagnetib recording
$sgec , . the atons to. be jr%e ted.ar?pKr or .Si_atons. ..
anq FeRRAUGEOBASKIS camptisingoin ingHpgnthe JRagusHe TreRrtifg guedium set
fort & 1R theGh Rped N dRYIAL Yok 'Wd@in@tﬁ%ﬂ%ﬁe‘ti@ b &R @RS nium in its
medi um set forth 1n the'first aspect, the nmagnetic
redoagieg dhection, & maghketéskead wossistingyy aofec@rding @0t andh altegenerating part,

e, PO R el ATTEREE B Ve i TASOEU: Cehor g fedium, and o
reddBdiR®dnd Pdgehbrating SIgHAI drocesSihg IndaRY Ratinputtieg Arsibmabto the magnetic
medi um set forth in any one of the first to eleventh
heatbprslregeneTatingi amoutnut signaliram e prenetigdsads t he
t hi h f i ' .
o B PR b ANBERR TR AR G BIANEL B9 s o magner

layeR @ efila onerasthapgeti® slibstiateahd soisefuédndlyt toeminge hidnhetic recording
aspect, a driving part for driving the nmagnetic o
patteraondha§lovsapblss provisian ofacmrgnetig refording msdiumthat secures stability

of TB&D Sﬁéﬁm?ﬁé&s%ﬁ&%i Skt ?f)lrh?y & Qﬁ%pd.ttﬁ hda n@f&qeﬁoggiélg pattern,

regener-at part, neans for novi e nmaghetic
avoidk atcouenbling tchthenmafjuatck of sanal thiterferenbdiween theddmeent patterns and

exéqi%g{ g{e%oggrgf éﬁgqeg ?rrsgc%rhiglg n%i@gna! 5%83 gme{{g ?encsoréiggr medium
allél_\ﬁz_g EARLAS b AhsRRaIM P eaSilPRathsthAdRE tHREioABYB&IdnCoWiRa b the use of

Is invention, in a magnetic recordi ng medi um
SQshtferi the dndsy ahd raftbwg omittag rredry ctehing step dntgnded) fior dhe rgmoval of the

nonmagnet i.c_suybstr at nd_subsequent | v. formnn . .
e RREEe: Fewot hadtele TP, HOIERRAST bikeciBleRebftaf os imvotving an
exiRé¥lySdoaiplRhited piE@REbf frodeestnd itnénnBth étEely Nt o Sugmenting

stability. of head buoyancy, possesses excell ent
pregiictivity, t o separate the magnetic recording pattern,

avoiﬂ% ﬁ?@%ﬂgﬁe@&dﬁg édaeregfg&gg% ﬁeﬁt:e %f gtﬂi@' in.{/&{tﬁ)hfé&as in the

bet vieen acent patterns
property of head buoyancy, excels in the ability to separate the magnetic recording pattern

and avoids succumbing to the influence of signal interference between the adjacent patterns
owing to the use of the magnetic recording medium of this invention. Thus, this magnetic
recording and reproduction device excels in the property of high recording density.

The above and other objects, characteristic features and advantages of the present
invention will become apparent to those skilled in the art from the description to be given

herein below with reference to the accompanying drawings.
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excels in the property of high recording density.

Since this magnetic recording nediumallows formng a
woasls/ss@abl e of easily w thstandi ng the ion i RCEIP1I00TI068019

owi ng to the use of SOG for the mask and al |l ows

omitting a dry etching step-i&tended for the renoval

of the magnetic |ayer fromthe nagnetic |ayer nolding
Brté'fBeh&fpﬁbﬁfocﬁt}& Dagangied as i nvol ving an extrenely

| icated process . of produyction, it can inmensely
confiFodt s 6o gisetien ﬁ@lsglaa% dhg GpRSfruCteR qﬁaagmgnetw recording

meﬁﬁﬁﬁﬁgﬂafhgd%ﬂgccro?&'heg%h't Qhﬂ% il%% of this invention
t u

excels In e property o oyancy, excels in the
abi [FiGy?2 isansaxphnatoey viee shagirgs the comstroctivmef pmbgmtio recvalding and

av&&? uccu |n to Ihe i nfl uence of signal
TCRrATUSH PR FEHERC %‘f YOHe adj acent patterns owing to
the use of the nmagnetic recording nmediumof this

invention. Thus, this magnetic recording and
Besté}dpéﬂfmmnwng@utﬁlehmbs in the property of high

d t b d oth
et DRt i oo R RS e b medinm obtained
by IfoMBIRE ia0agetic 1DRE VB AR kgbstriRS ﬁleﬁliiah'ﬂlyeﬁljédﬁng hﬁ)ms into
art fromthe description to be given herein bel ow wt

ther mpgnesindeyerothereby slemoapetisiiene lmpamngg@n@mh@msness to the portlons of
thq%ﬁgéé[t P?%gﬁ){vﬁ@ degt ?%@e&ioﬁ‘ otla’folshs 3& LWits gl?%ﬁlb{ol%rmmg a

cons I‘UC magne IC rec

magﬁdjmarry GbpArared dnaghetic aOEdHaing eavtein) prdWides theeméthod by causing the
FI G i s.an explanatory view show ng the construction
stegfof avaﬁb{glﬁmleg rigfonigic aRRgnpliplageriior surprise Fhe geps of applymg an
68l AWV Ny BRS f y t
S i, S ETehfe Ay hRO: 0 ALY R U 18 gty pemning or
thmmgg ¢he rsistcand dnm@ah@thcmurﬂateawnthdhdaytcﬂmy them@yapartly injecting the

netlc | a on.a n netic bstrat e, en partly
I hd Rt e o T Be Ragioat PRE Thpved qrapepgdresin
dewwttm; iM@nf6n WIPBE HéstabARIRRALRSS L0 the
porti ons of the magnetic | ayer having admtted the

i nj dbis mmelmonaltetam@ toam magmtgerqg@mdtdgymﬁdwm pessessing a magnetically

sepg?agv %neé thcy reﬁg{@ﬁp%gerg gﬁga‘ﬁt %acsf %21% trﬁg fngIg?etsl cgf’a nonmagnetic

subsfiagCaridng chh@bRrizéd by bhﬁluﬁﬁugr’cﬁé ln@nﬂlagh%hc tpartGadgicti6ly separating
the steps of applying an SQG filmas a resist to the

thesppgngtie refording HagerrepRTHAY Majesting ﬁy@ﬁ intgathe mpagpetifolaypigformed in
ad®inck N THY AGiLAS B tﬁx tventf’Hi]ld c* J{r g fi ﬁl?%tle?lﬂrlfe%ﬂmg medium,
wth t part

e atons, I'nje
unlike the conventional method of productlon is characterlzed by not possessing a step for

physically separating the magnetic recording pattern directly as by dry etching or stamping
during the magnetic separation of the magnetic recording pattern part.

The term “magnetic recording pattern part” as used in this invention embraces the
so-called patterned medium having magnetic recording patterns laid with a fixed regularity
for each bit, the medium having magnetic recording patterns laid in the shape of a track,
and the servo signal patterns.

This invention is preferably applied, by reason of convenience in production, to the

so-called discrete magnetic recording medium wherein the magnetically separated
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atons to the magnetic |ayer through the portions of
the renoved or thinned resin. Now, this invention w ||
woeomasswibed in detail below This invention Perarms7/068019
to a magnetic recordi ng nedi um possessing a
magnetical |y separated magnet9c recording pattern on
at least either of the surfaces of a nonnagnetic
magmb¢ redoediag gattans kamadsee tliezmagrizyic pecatdignyadkhand the servo signal

onma net i art net| ally separating the magnetic
paﬁgrggp B’QF f)sg B§ OYhj ecting atonms into the
Mag nefid ﬁqvlemrwﬂl%er@gcﬁﬂ%d MANEE citihB eforekaiple the Hﬁbr%te magnetic

i nvention for producing the magneti¢ recordi ng nedi um
reeprdlingenedheam.convent i onal met hod of production, is

char. .,z by noQ S for hysi al | .

sepdiG: Tl hn e R PR i frodabflRoufr ¥t ffersle mognetic
redttdidE Ym&Ligh| STGhRinSénRioR! N4 nshigbiid rddoRiin@ efediung 30 of this invention
ha{;éparatl on of the magnetic recording pattern part, The

vmedyag be iserfeecor ainegmagndtisr substpte” 1 assaf awgneiic lyer and an
A ST RS 87 b ARG R Mg oron.

noh@ghaici layerfOindea photbitive 14yee Smeldiidiso benflgnged@oioetiave a lubricating
recordi ng gqtterns laid in the shape of a track, and

film{gotghoyd) &orgied on ihe putpmmrost sufage thayedt i on i s
pr eﬁa{%y @l‘?%é g he@%‘téﬁﬁgﬂe HecAm éeﬁbl?sﬂ £ th@ magnetic layer 3

produ tion  to the s02ca di scret € nagn
poseesgingl thegnagﬁtlcl patvére ipefersttd havaaagnmgnemsl payt w1dth W of 200 nm or less

anaﬁgﬁéﬁagg%%ﬁg‘ ﬁl%géab Qﬂ’u‘g) o o iP i EE’ %r\?ft + ]}, sherefore,

falRNGhe RhARY ofS3 MR &5t 164st8d @*ﬂgr\f@vvea_ R ﬁle' ﬁl’l@ﬁtﬁd%ﬁbl‘é" dxtent for the
be described below by citing, for exanple, th

salgh sﬁheegléema@ﬂ@trﬁ@rdmg dlenfiityg Treesatisin this|pGrpoke; the wadth af g resist in

xanpl e of. t s-sectional.. structure

nfhik BB Ire e LB R BE R SrtPis o i b N aft g wiath of the

redist/ TR gHRehinCpaf6ig @éqdir@@ "Bl 00 Or Qfss bifdiRurlyy € width has

forned on the surface of a nonrmgqéet I c substr at el a
sof tTheagnergeeticaybstrainte bensed fenthisdmeansion ar}aéfr bezany #f nonmagnetic

t l.ay@ar ' ety
su?%&@& bfeh a@ /ﬁ all§ Iggl;@lt@gels glﬁfg@ggq{é[g%llg% b%{lg f&? \%g? lgrgt)llré ?omponent,
substrakds a>téom1maqo Bcﬁdaggllaﬁd ahmnihosilicavebasetl udddss caidi ¢rgstélliked glass, and
not sho formed on the outernpst surface thereof

;atqwa%ﬂ%%]é@no franging HfCEHRIRS) a‘rPT‘E NariQusJiedps g ARGRE qt@’er examples
mtteﬁ‘ chg%gﬁﬁtAlCdllt)fj’)é@Bstl%te@ OB ST AL WaddSF %’%nﬁfch%s @%Is{aﬁfz@d glass, and

prefers to have a magnetic part w dt nm or
sillceg substrate are used particularly favorably The average surface roughness (Ra) of

such a substrate prefers to be 1 nm or less, more favorably 0.5 nm or less, and particularly
favorably 0.1 nm or less. This invention contemplates forming on the surface of this
substrate an FeCoB layer as a soft magnetic layer and a Ru layer as an intermediate layer,
for example. The soft magnetic layer and the intermediate layer are the layers that are
necessitated by the vertical magnetic recording medium.

Though the magnetic layer of this invention may be an in-plane magnetic recording

medium or a vertical magnetic recording medium, it prefers to be a vertical magnetic
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and a nonmagnetic part width L of 100 nmor |ess. The
track pitch P (= W+ L), therefore, falls in the range
woR0B0085¢am or | ess and is narrowed to the full e€T/JP2007/068019
possi bl e extent for the sake of heightening the
recording density. To satisfyO-his purpose, the wdth
of the resist in the thick part is required to be 200
reeonding lhyes Sorsthei fuapdsy of oealibmgparttighVeaodiingdensitgltak pafmissible. The
the.resist ip the thin toi equi red to be 100 .nm
maghep E@otding [aypr iyeless e Thimagchotian bk Hhe G Tain Component
SUDSAE e @ndoRefi®redSklingd Berlibt Sselif Yl?enih'-ﬂﬁ‘nerﬁﬁ)(%&ﬁc 2%rflhg medium,
nonmaglnet| C substrates, such as Al al'loy substrates
fox;skangplal thetstadked pruetune enpsidlingof a naimagoetip Erlelot ynder layer and a

bstrat rdi nar.y,soda gl ass.,
fe%#@ﬁér%?glg ﬁgq(%{g}%%%%lgﬁg bqylgrs%a“gq’?dﬁﬁﬂzﬁ%t al l'ized gl ass,
and Agipstoigphetic FRORTINS la§éd fof 8b intthé BN mEHAT r&drBRE medium,
various resins. Anong other exanples cited above, the
a hpcked |syctyreet ¢ Hnwg layaimeadeafassofamegesticgietsalloy(enchass FeCoB,
i zed . I LIRG bstrate.ar
ref 6 AR 03 PR U b AR SR Eeme) anc
Cd Bivy (sfictsascCoBaZs UOSZNE 6r Q6BJ, @h Dricftatién domrolidig s fade of Pt, Pd,
.Egre favorably 0.5 nmor |ess, and particularly
Nif’295 F&%Cy tipnally ap ipergediatn il mede of Runarbh mespstistleer made of
a TOUI §&-18P: LG, &' %oﬁﬁ)?éela' of 7@%33&1 o2 tof N 15%6PY%, of Cr, and 15
| ayer as a soft magnetic [ayer and a Ru ["ayer as an
atomtYerofdllj tieesaineyapplies bereraxiaaipieandr b e70€oF 3CHBEMEDRIO, alloy can be
.Lia%(ier and the internediate | ayer are the |ayers that
utijzed. necessit at ed by the vertical magnetic recording

mediTHO madhet8 becbindTREARI KaslaANRkn&k of Binsy bABRAL 4n80 nm or less,

may be an in-plane nagnetic recording mediumor a
preferaplychinnegymerd and &% omdomlgssre Themagigtiopreedmding medibm may be so

o b R385 4R Bl Sob5aRp B0y Shesnedc atoy
and NBe ngRed isgutBROr The Sndod¥eE 18efieréqiiRdbe %&e&% ffm thickness
an alloy having Co as a main_conponent. As the

eXGREGHIE 3 Berrade dvel Yy theupuiposepf elfaining arheutpht gycgerding a fixed degree
[ C ' ' : e .

g

reoduang properties At genei@t Cde¥ridedningicedidandesdsahe G@putificreases. Thus,

utjli.zed. As the magnetic recording |layer for use in
th%ﬁknUE&?WS%@“ﬁgGﬁEF%@ﬁyégording nmedi um a stacked
ST I WSidiHafily? khPmbddtiB JedoRURE lagggﬁ_o@fail?edsiﬁ?rle’ f@g(’bg%’rt@inof}lm by the

FeCo all oy (such as FeCoB, " F Si B, FeCo
SPWiEeTZrBEhod. FeTa al |l oy (such as FeTaN or FeTaC) and Co

al | such _as CoTaZr, CoZr NB or B), an orientation

cont o e mHEnSHEagY Scpsiiter Tatngic Bt rack and servo
sigPRl pAARAAS dfe Erniedtif kRLEhbicticlrbddRiNB dfedim RbhoB&HHIR step of forming

magneti c | ayer nmade of )
these "components may be performed directly after the step of forming the magnetic
recording layer, it may take place after the formation of the protective film layer 5 and
before the formation of the lubricating layer.

For the protective film layer 5, carbonaceous layers of carbon (C), hydrogenerated

carbon (HxC), carbon nitride (CN), amorphous carbon and silicon carbide (SiC) and
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a 70Co- 15Cr-15Pt alloy (an alloy conposed of 70 atom %
of Co, 15 atom % of C, and 15 atom % of Pt, the sane
wappisioass4lner ei n bel ow) and a 70Co- 5Cr - 15Pt - 10SPOT/AP2007/068019
alloy can be utilized. The magnetic recordi ng nedi um
has a thickness of 3 nmor mdde and 20 nmor |ess,
preferably 5 nmor nore and 15 nmor |ess. The
proteginet film }ayamnaiﬁenglsmxdh @Sy 7o sandf DiNetlichsaré i ordinary use are

obtai n_suffjcjen ad i nput and oytput befitting the
SVRITHE- o RIGHENTEC At [ BAL S FOMERSE LM OF IURESS The
Mag NGl froleBi RS filn$ lz{y%ﬁ i 1"5@’ Jn‘édRQ%ﬁ@@% BAnf {Hléﬁn'é GKT®RR or less.
t

exceeding a certain level for the purpose of ai ni ng
Thamis duacqme tlwxhstmhe hgtveechithebkad agd elm niugneﬂng layee becmme:s @nduly large

anf g g epl SEGRIRFI RBanch Becaues YenaaFlewhen the film
thlgl%gd'sélgﬁﬂle ipfote@RRfHANEPerdRcdeds 10 Wi L(tj‘eﬂsegeglfye ﬂﬁgﬁo’ce@i‘ﬂﬁﬁlm layer is

the filmthickness nust be optinmall nari |

formas bmgﬁeputtermg@mthnd@ tha?é’ﬂ) methelt ai ned in the form

vl TN AbRE AP B el alRbiEine, Pebr lolmrdggeon. As
exhmplel cinthe SlabNextinp Gadht P& theelised t@f &hé Qlﬁlb’fﬁsitlh layee, ﬂuonne-based

magnet i c_recordi ng nmedi um Though the step form
lurpeagts, Mﬁ%@&@%iﬂ%@a% W‘b’fhﬁé'éixﬁir?set@ﬂe?f HRY be Cttﬁrb Generally,
t
thhRoding 18 {BrhBE PR AECHRIRESE! BY8hm Lo TV

| ay é‘ﬁov(z'; thastepef ﬁrrmlﬁg]ﬂlefmgmﬁwup separhied rhaghetic dcording tracks and
| ayer. For t he roteﬁtlvefllmla yer 5, carbonaceous
the a??’é’ros sighalc gatfsgps @)the HpegusHe feradmg Lyepf @we}venﬂon will be

sp S&ﬁ@ﬂlg JEsErrlBéaeoe(l&w Tlﬁér@tree hﬁ#fﬁ?ﬁ?éﬁ&%eﬁq%ﬁédléteg%ﬁer tlﬁe step of

arbide (SIC) andprotecti ['ayer materi al
dispesisg G mZgneoc aeebrdingl layer oh afierahe prasedivediln lla;se ia ldESposed on the

sufffcH of3h% Fiogns BAgHRg 5% The BloRiFE aRiiplich SHERTR %R gxample of
peffBfthink @He §@p hﬁ‘f@rnﬂnﬁ ithdNnla bt AIBP Sepatatd nﬁ%’h&[c 1e88®ling tracks and
This 1's because the di stance between the head and the

theveeyie sigaal payernsadberemngostifutegordingylayemafiaribe protective film layer is

di%ﬁge#i{onotﬂge ace | PO gél}ef'fg éc'oﬁdn?%fag'spt ensity becomes

al nab when't s of the protective

fil rmﬂlsameme)m%ﬁmhs aéﬁlgﬂbf gﬂé@GCﬁJlBPt-lwsle)z aﬂ@% e§theV1ﬁagnet1c layer
fil is rmed by the sputtering nmethod or
an@@éq] bOITr%ég?) Pertectiveaer. It nealjery toriesiglis apﬂlwéeéhe surface

of@hd Bmé&l% 8% 1A% $he TREARELIPSERPNed Agnetic recording tracks and the
servo signal patterns are formed according to the photolithographic technique.

This invention is characterized by using SOG as the resist necessary for this
technique. The SOG is the acronym for ‘spin-on-glass,” which indicates the material for
forming a glass film by the technique of spin coating. This invention uses the SOG as a
masking material during the partial injection of atoms into the magnetic layer by
appropriating the characteristic of the application of liquid inherent in the SOG. To be
specific, the SOG exhibits high resistance to the etching during the injection of ions,
enables its sofiness to be controlled by heating, and excels in the property of retaining its

shape during the transfer of the concavo-convex shape to the surface by stamping. The
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exanpl es of the lubricating agent to be used for the
| ubricating |ayer, fluorine-based |ubricants,
waypadsgssapon- based | ubri cants and t he m xt ur esPCEP®OT/068019
may be cited. Cenerally, the lubricating layer is
formed in a thickness in thelZange of 1 to 4 nm Now,
the step of formng the magnetically separated
SG@agndudes th@&iﬁca:tbﬂbgsedrm,stha mebthyi silexmedase dIB@G and the high methyl

tt t ecor, | ayer of this
silbfirisctases, Sc P’V%bcgia agne Iﬂ?‘?‘r&l&ar’%}%g“gcr "bed bel ow This
St e PTHI® YnRRtidHe i &{aﬁ‘ﬁ@eﬂz@ﬂ% AbRc¥d@t ttﬁzit()éo‘ﬂ?rﬁ&@ﬁatﬂg removing or

dlsp03|ng the magnetic recordln l ayer fter
t wmmge&lteurv@stf ardnirfadiaging ithe mssbwesmrﬁam pfi¢hes tasistmdthodtoms, thereby

o PR el BF Al S s Al B3 Myt e merigns of the

resift sté;ﬁw@i dritginfeépnet i cal |y separated magnetic
recording tracks and the servo signal patterns in the

magn¥hen; dugiag ik sgp phpatiabinjestion pé alomsttedhe megmeucdayer the resist

f th
S N e
and 0o T&dI3t -ik c5ﬂpldté11ﬁlréﬁoﬁéd iy mathet fatioROADdcted ﬁ))/ﬁ;ecﬁﬁﬁi of atoms,

a filmof carbgn as the protective |layer. Thereafter
theygh t L%é‘iog{s aresetfisiontly dnjeeied ko thermagngtic fayem é ippet iaeqricgivable that

this3afméR Jifl ke @gé}ﬁ%é ﬁ{e {%elﬁ%%%ﬁ@ﬁaﬁgf Hgg{ﬁf%kﬁose the magnetic layer

recordi ng tracks an 0 SI erns
to fuoexmdtedcemhir@ nbhe method thdtabodists hﬁ gelﬁqsdniycremeoinglthu eesist and then

t|on| hay acteri sing SQG as the
mJF%%I}gstt 4t ;{e‘?‘g‘f d rasticatl Shyq uch rgosigEpcs ghefor example
te@ﬁﬁzﬁﬁi@'ﬁh@qmecﬁ&i BeRie e 1%tect1‘0@'l£ﬂr 1;{‘?%1?@& rén{ied bg etching or
material for formng a glass fil het chni que
fouping heaprotegtivarHayeri v ent amople u@gécncﬂsensmlapatmmﬁ kthe gdecrease.

e S A5 0 BSR4 L L, ST P s

leﬁ)fbehhﬁ &pﬁl deopddsed i thicktess fimspRident behgt ﬁ@fe@% reidved. This
be specific, the SOG exhibits high reS|stance to the

pregedfentssety inngpmanabbn plevisting e dasage c@htimmnmsSQf the magnetic
layt%ﬁlt;shgfr:ét?édtte thE flﬁjg&‘icfno& Gy g@@ﬁﬁaﬂlﬁggga&g cﬁ%ﬁﬁ% netiallon of or the

retaining it
impaathest auiorp]msnm ca e magetic lmﬁa ne the()pdrtien§tm&ﬁt&ﬁ1%d R¥ove, and

st i.ng. .Th ncl udes the silicate-based SOG the
os R R g D USRS sh el THEORIGH ot hy

si | optpnarehRAedr IS indehGsh 3he gaﬁgﬁrrélﬁe{n}ﬁ ay@ithid ?ﬁg the resist is

This invention is characteri z ure
@Qmmirsmébypssmg yn rthersvifag oﬁ’thehammhlem geslttea lstampshamgja concavo-

colfdhrihep Bitns) Todr Felhd Mpaeira T, RGO ek g G resist
suifide0 F&t&xﬁiﬂﬁ&eby Qpbl@fi’t@' a lifhia4edistttb Qh@ﬁfrfdc@'&?tl@zf plofRtive film and

subsequently pressing the surface with a stamp having the concavo-convex shape formed

thereon before the applied resist is perfectly hardened, it is made possible to transfer the
concavo-convex shape to the resist surface. Then, in the case of optically transferring an
etching pattern by the photolithographic technique and thereafter etching the optically
transferred pattern, the method that comprises stopping the etching before the etching is

perfectly terminated and allowing the resist in the etched part to remain in a thinned state.
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resi st so renoved or thinned. Wen, during the step of

partial injection of atons to the magnetic |ayer, the
woesisarsd4s | eft behind only in the portions of PCEP2007/068019

magnetic | ayer not subjected to injection of atons and

the resist is conpletely remd¥ed fromthe portions

subjected to injection of atons, though the atons are

ef f iThissinvéntionnjsecthe ciforamentidned megghed far pagiyeremoaiving ar thinning the

not i nconcej v e.that this treatnment, will.inflict .
res&Pg g g’eorﬁs'ﬁ@?ﬁ% H‘é&?"{?sﬁ %E? 'S x‘zﬁ CI@g&&&Ee gpgey of the ion beam
to PRSI fof tHeaMREtidPofUREMP ERT BE pBktfdns 0@ thia—lhﬁesﬁ’éttﬁ@ﬁro}éaﬁd atoms do
consi sts of perfectly renoving the resist and then

not repeltthesyrfadeecofiiheomegnaicresnuding angsiumt Oodbeé ethsyhandcin the portions

of PbieL EE R sy DRSS b R bl s Bl Hesenerar
thétﬂﬁﬁhidﬁ A ink Rt TMgrphdasieE P tiggétby € ThaViediatiombfagip| irface of the

i ckness_in anticipation of the decrease, Preferably,
magRetiq eepiking mediven patht the atpnes istrpguiredgieeavord infljeing damage on the
et e . - A . .
BB, 5 100k 301 Bl DR e sty i
requiremeatiprelens ® have aehicksess Bsthe rangerdfomat tallOP nm. The resist in the
al l eviating the damage on the portjions, of the_nagnetjc
retp%xgﬁélroréE@P%bp@gop%hqs%eth}qkpg%tgr%ﬁrag}y igithegange of 0 n%1 to 140 nm and

m@%@%ﬁ?ﬁﬁ%&ﬁ%&@ﬂ%@ﬁb@ﬁﬁ on of or the

artation of anorphousness to the magnetic layer in
t he Ipdls imeation the SOKE filth cemingasithesrevietl duringi the anjeétivg of atoms

the surface. smpot hness of the tions. .The, nmetho f
DreifTR 0 (RGO BOREIg Ryatic b OOt HAIRd 5 thotél mumber of
boh&Singluding tRE OOMBbh&NRAhdFOUSHIRD Phe $O6 thatfi§ AGrenally ik Beiquid state
agglled resi st a stanp having a concavoconvex shape

cal be graduelhehasdened vehenribis epplied taghe husfase of awebstratpasby spin coating

to the resist surface. For, ex | 6 applyin ..
and BRRo} GolsBieiaf pifopibfffoss 80 REA Mt By by fpptication
of hedl. SNhGEhY TG ¥s fréaidNgs ¢diighiitioa e chnghd B & t@idtlar crosslinked
havi ng t. he concavo-convex shape forned thereon before

strugfarepfYiiand Q as shawn By the fosmpla,! helpWerteiconfiguratiophagng an SiO;
H f . g »
w058 B 8ot 9G] B Wb GRARALR O SHFRIRGy kB s

highr sesssfaace tontheastcletg dunng et igrlantétyont ditions and can be advantageously

ot ql i t hographi c.techpi que and_.thereafter etchin he i
us%ﬂﬁ% g Py aERlefyring ﬁ‘ﬁﬂ{f%‘ﬁ%? of Rertivapifstne Aoms m9°_ the Tagnetic
layféﬁ"fﬁér‘eﬁéexﬁég?ﬁﬁkiﬁg theorfbMsUrMRe RBERIR 15y28 s8jedtbd'd ths injection of

perfectly term nated and allow ng the resist in the

atampsc loe dmpartingt ampephraignes theretpi ninsientallye théhingmber of Si-O bonds

' ' he.. ' d h f I .
copFGH5 IR SOG4 SRECIFI S bty BER Y et by
thé Ble6H e SPectibsdddg foeChahichlAMERIS@E). t he energy of

the i on beam
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to be used for the injection of atons. In the portions
of thick resist, the projected atons do not reach the
weoeunfsasss4of t he nmagnetic recordi ng medium On PO®/JIP100T068019
hand, in the portions of renoved or thinned resist,
t he prOJected atons reach the4magnetic |ayer and
degenerate the portions or inpart anorphousness
t herBrmulaThe irradiati on of the surface of the
magneti c recordlng mediumwi th ,the atons is required
to avoid inflicting danhge on ﬂhe snoot hness of the
surface. The rggist in@ghe porpi ons of |arge thickness
that satisfy thls requi renent prefers to have a
thickness in the range of 10 nito 1000 nm The resi st
in the renoyed tRi nned rti.ons has a thickness
preferably ﬁﬁ tﬁ{ nggﬁofqg to 140 nm and nore
preferably in the range]of Snmto 100 nm In this
invention, the SOG film serving as the resist during
the injection d? at ons QrefersOto contain the Si-0O
bond in a ratiolof 70% or nore,based on the total
nunber of bonds' includi'ng the H bonds in the SOG
film The—S(I;—{ﬂﬁ{—Os—m)Pnfa)L—ySm—a-Li quid state can
be gradual |y haLdened en it is applied to the
surface of a substrate las by sbln coating and then the
noi sture and organi c sypstanceg contained therein are
scattered by application of heat. Wen the SOG is
hardened, its configurdtion is|changed to a reticular
crosslinked structure of Si and O as shown by the
formula 1 below or a configuration having an Si Q2
uni tin tBiYGhvensiod) A nghe prtedsZof a%‘ﬁlﬁng@er's@@'ﬂﬂ%‘ﬁl@tmagnetlc layer,
The configuration of this kind eéxhibits hig
uspigsd SteERciRving 2 Benayvetspnexdtepe fornted amits anfa@telaod trgisferring the

oh&{%rc%ﬂge)g%% Q %o ?%g&géagg §9 the lorga%lg ? f?ysef ﬁtFeé g?ﬁi 5mg?%1ﬁtgly prior to

the n‘hﬁsférhﬁeﬁéﬁs;]lmectdnt‘auh ayeeSi-Otboad £hiya EHEIBEE AR Hahke Of 105 to 30% based
netic lLa er sub ected to the

ﬁ?tefis’o%? cSSW?I{S’PE . 2 foRdon f thep & Bhisaaresly imer Bged state as
D AR ey e
a substrhte aebyrspinnechting drdesublseqptently) cSpsing tins ewmpstudecand the organic
%lancé: %%I?t'a?irr]l%l_l ¥l§lrgsing)£ %%As\)FétrFe%c{Tgé g‘y giplgliclati(l)n gf gea% _Th% invention, by
causing the number of Si-O bonds contained in the SOG to fall in the range of 10% to 30%
based on the total number of bonds in the SOG immediately prior to the transfer of the
concavo-convex shape to the SOG surface, is enabled to enhance the ability to transfer the
concavo-convex shape to the SOG and as well augment the property of maintaining the
resistance to etching and the concavo-convex shape during the injection of ions into the
hardened SOG.
In this invention, when the projection of atoms to the surface is implemented by
using the ion beam method, the atoms are injected only into the parts intervening between
the magnetic recording tracks and the servo signal patterns. This invention, prior to

injecting atoms into the magnetic recording layer, ionizes the atoms for the purpose of
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0o0o0-0 Si-0 S-0S-0111000Inths

i nvention, during the process of applying the SOG onto
woOheosrmaspaet i ¢ | ayer, using a stanp having a PCT/JP2007/068019

concavo- convex shape forned 03 its surface and

transferring the concavo- convex shape to the surface

of the magnetic |ayer, the SOG inmmediately prior to '
aceelerating My @pmpy dt & igfareedthaitthe nonshispbinted Inte tlee magretic recording

O . of 10%to 30% based on the total

ﬂla%eﬁ?rt%f‘ % ehﬁglﬁ%eg%?ﬁe't he SOG The SOGis normally in a

| i quilds &tvahttoras deseterzedibp tieviaotitlay a d[bdre@@ﬁa&l@ma?netic recording
ace

~adual | ardened by applying the SOG to the sur )
mefuy  §y g &a%cgq% %‘W‘“%i f?ie cranaggetin, Pasty Braggeligally yseparating the
LN 1'21?1]?’“1 r t r [1C t e

m%ggﬁ?%i %gg t her gll%‘ri](yt %@gﬂ%cé}ﬁﬂgr %gﬁgés pgﬁé}gp Fﬁ?cg | RScgprence of
demaguetiZitly the immgeetic laper tyythe injsition dfaconmishbe nﬁéne‘ﬁic}:l@reé Of/‘ormed in

bonds contai ned jn the SOG to fal] in the range of 10% .
adygies oo RGOSR thiy ISPt rack RBERetiGreRIAE Mpfitimebysths use of this
méthEE G 18 nRld¥ pBESIKIE td BedrbRe AR ERe f&icetarﬁa the residu%I m%gntetization of

concavo-convex shape to the SOG surface, I's enable 0
the:regiome detwasn dhé magneticdrackatusthe maxireunpeliminatecthe brxring during the

h o _the SOG and as |l augnent the praperty of )
coff RE b miefetiareding Sl Bnavd€ BHERfng adnednelis recoldif medium of
higlDRG8i¢0 160N dehisdBe WhisiifBedaiSe tHY BfCHON 0P htdn®Bitd HeOmagnetic

the hardened SOG I'n this invention, en the o
layer gpdisi Bnchengiagothe magnetie layerftace nosmagpstisnmatesidl, byelprlvmg the
L4E i t.h the atqms _are.lnjected .
o R AR R e o L A iR e of he'magnetic
layegcandiicagitg doX magnetid Rfes €5 I6seS ngpidtisRAbY Eeasminghbforphous as
i nyention rior to injecting atons into the magnetic
degcz Sﬁiaﬁ"??&‘lqagyél?r,enibﬂf’?es the atoms for the purpose
of a%ﬁk)ﬁféﬁki'nggthte h&s&@t%nﬁaclé-tg?é Snadhefé rr?&rhilﬁgt mbffim' 9 Fescribed
i mpl anted i nTo the nmagnetic recording layer~are 1n a
aberenitria kéndertdgtomsible tdhiesreasevtbantoecive Sorch anditteatsided niignetization

in JEGreiRins berssn e Bt drinkhg e THoRHilg RUPas eblurring during
theTREMEE | sFadhk YmBGRAC Ak AN ndBENRASId prdvasH deng IﬁJgﬂ?tlfcs recording

and the servo signal pattern part in consequence 0

megéim ghbigh shifecaieordiagrdsnsity. | ayer by the injection of
at ong;d ?n\;egﬁomg %}‘thgr lcﬁ%gcrtergz%rdnﬁg the' fact that the nonmagnetic part

magnetically separating the magnetic recording tracks and the servo signal pattern part is

formed by homogenously injecting atoms into the formed magnetic layer in the direction of
thickness of the magnetic layer, thereby imparting amorphousness to the magnetic layer.
The expression “imparting amorphousness to the magnetic laye_r” as used in this
invention refers to causing the magnetic layer to assume a concavo-convex atomic
arrangement destitute of long-distance order and more specifically refers to a state in which
microcrystalline particles falling short of 2 nm are arranged randomly. For the purpose of
analytically confirming the state of this atomic arrangement, the X ray diffraction or the
electron diffraction reveals a state in which a peak expressing a crystalline surface is not

recognized and only a halo is recognized.
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advance. By producing the discrete track magnetic

recordi ng nedium by the use of this nethod, it is nmade
weasmiodsa4t o decrease the coercive force and t ReET/JP2007/068019

resi dual nagnetization of the regions between the

magnetic tracks to the naxi M@ elininate the blurring

during the course of the nagnetic recording, and

enaBlyausprgothisdineiod fomppoduding theabsodéta dranke diagnetif renprging medium,

surface r.ecardi ng.depsity.. This.is because.the .
thefoly dSErearing e Soaravs Rvee A dneisSidush magnkhZtiond the rgeiops between
theCady#tiadrdcRe tarB@nahtifnaiels hadpoeibleagihihaféathe bhaling during
deprivi ng the magnetic layer of magneti smdue to the

thecepairrgeofdhie magneticyrseqatling nad snable provisiasf oftymagneig geqording medium

l.ayer C ) he. magnetic |ayer to | ose
ha@%ﬁ@isgﬁg%e&}%gé@g%&r%lgl%orphous as descri bed
spedhéigahs Yo beriajedtddehoviie iy @F tdlioh @ainhmethods f&t &ample, are

track-type magnetic recordi ng nmedium as described . .
preferably  the atoms Gregar dporg dreamisresalestefbipwbe gqyp consisting of B, P,

. . orce o . . . .

59980 95, SN, SEoAL S TG AR B s of o o

maogé inteiteresel dveedofrounrthe graliprdongjstinpeoBUP S, Bf Hidnd C or the atoms of
magneti c recordjng,, and enabl e prqvj sion,.o ti

ong Qg 3\06‘? HY : o St?iﬁcgﬂd ﬁi’rﬁﬁﬁ%@i"f‘%@@nsﬁﬁwr i g{r’d m&% ) Xe and W,

an%_ h%a%%t #)Féf&ﬁf)l Ofe! Borhd 0F ¢ Tang K" aghRhtREdtdYs 5O SREN are used as

he nonmagnetic part nagnetically separating the
disclogerkin EP-AcHEL B-2@P 257 £ok theamutpaseeofsigjeviion; i sineal O pad the have small

o B 6 Tt BRPRIGRR G, S5 S of Menerzasion o
pefshit fkihG T8O béthRemBRENBid it YEEs. WRET @R Y%td el O iaAd N are used for
anor phousness to the magnetic | ayer. The expression

the' injgstien.i they aitbdeppooxidizs she magnasicaypietlibeir| injpetion, gherefore, results
. US i i.S 1NV | O fers t0 S . ti.G - .
n 3 LS USSR L BBl PRI b ncucing

thedlpthoinghén of bluaritg dlirfigathe eowrsalef weitity ifonAioadh theabgnetic track
refers to a state in which mcrocrystalline parti.cles )
pattq| ThatgissHisr eseopt thesenatanes, itk Jhe atosrbiady forphe ipieetion of this

. :PDOS anal: ¥t YiaC b Stk e i :
0SS Bk R Yo OB DP MICRALRE Bk e impar
amerpousess thefdto.act i on reveal s a state in which a peak

expressi.ng a crystalline surface is not recognjzed and
on 1S TENCaTPE RrERGisn DecmBEede: HEOIHIE TUHOADY dPrmibg on the
mdghOs GiyBd a ik ndlis phRER dkidhéd TREGEbMSity RGO Gk MHstance between the

_ nmedi um’ thereby déecreasing the coercive force and the
implagied utatcksmthentiemavingnthie rresisteande firovieg bhet presertivadayer again, and

su%ﬁ"%&%%&fgfag% {Yﬁ’?@k‘%‘ﬁi ‘?D,ffcﬁén %m{jﬁegigfn it is made possible to

This invention prefers to inject the atoms into the magnetic layer subsequent to the
formation of the protective layer on the magnetic layer. The adoption of this procedure
results in obviating the necessity of forming the protective layer subsequent to the injection
of atoms, simplifying the process of production and obtaining the effect of enhancing
productivity and decreasing the contamination during the process of producing the
magnetic recording medium. Incidentally, this invention allows the injection of atoms to

take place subsequent to the formation of the magnetic layer or prior to the formation of the
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the course of the magnetic recording and enabl e
provi sion of a magnetic recordi ng nedi um havi ng hi gh
weundsasss4 ecor di ng density. The atons to be i npeTURIODY68019
the use of the ion beam nethod, for exanple, are
preferably the atons of one-bf-nore nmenbers sel ected
fromthe group consisting of B, P, Si, F, H C, In,
prdBectivkrlayéy to XermVWn Abe fagneblo hper $he nonnagpstel @aabhggnetically
t he, atoms of one or, nore nenbers selected fromthe
sepgFading thomagagticgeqsding trapks agd theseryp sigppl @atiprn9g:- at onms

of r : I 0 : ;
e
begm ethe i@bingplatter dtabissconfmtialn dvaitablaNsarsed e im¢ad itise atbm®into the
and. N are ysed. as disclosed in JP-A BEI 5-205257 for .
eI 0 Nt SR 5 & e AEITLSHAE G FaiP8 TeRlq magnetc layer,
th Hfﬂmﬂ?aft | dmorphGisheds % BfelchRAMINASHA r@8%nt phit hEE s W8 causing the
_ suffers the state of nagnetization to persist in the
injected atnmisde he bombgenenvayy distributedsio ithe amprphotspart itoeguicss the depth

0O.and e.used for. the.injection, they nitride .or
of gifgional heriRGRetRv Bae MeSfiany Of feobeti reCbiall laver. The
de;%th%'fﬂ{ethecti&e sEhtofns i déoiddde aipigpdr MnCIBLIIRia¢eelérafed&roltfige in the
he regi ons between the magneti c tracks and inducing

iort implastiern deending on the denth Fybagrehed bytibe ldrstien. of
Wi thng. r ' ' t . -That
RSl RIS | 805 AASTRTSLS RBRSHA el B, o
dedchibed Rb&ES, ibgndifdctly Hoimirgnthe itdngier to @hel erfadet off tipapplid eesist and
to demagnetize the magnetic | ayer or, the |npart )
Preghing pragaunethe surasewah highi pressuive Hherdy formmgcsthe esist surface the
cof@g&“%h\%){ s%ﬁgé 49 fém{jbﬁfﬁg?g. OHRE 48 c%ﬁ}ﬁvgﬁgﬂ\%(' p%ttern that is
ayer a magnetic pattern designed in conformty wt
fortnied hyi es¢himg & tHeemosting desinionp [AVsetting resuk Sor ¢xasple, may be used.

re ing the resist and formng th rotectiyve | aye .
g e SShPRC e ol e AEAIG NSRRI R e s shyeihed by having a
fin@BtRk ifatternfifed RY &N e pRESHERe bRcIrS-864m UK R 4HyBmethod, for
into the magnetic |ayer subsequent to the formation of
exathplepr The aaterial | ofytbe metak platentegnises dardagssr andrgerability capable of
.adopt.i on, of this ocC re.resul t.s iL.n obvjati i he 1
Wil RBAEY® brods RGN oh BRI R GO, B Ry matril s
irrélevdn 6o 1dtiges thdmartiabéAfEms 3o AR dHjdut MEentibReditROeS Onahe stamper,
producti on and obtai ning the effect of enhancing
the, paitkIBY iOF | eV 0aFignal® csush sasnbprsth BattsRY, BFRYTEP9% Raldeins agd preamble

o RN SRR Tk ahigel O 1o

nti on al’l ows the
i nj dntheoremol aladfah® rdsist, the resist on the surface and part of the protective layer

are removed by using the technique of dry etching, reactive ion etching or ion milling. In
consequence of this treatment, the magnetic layer having the magnetic pattern formed
thereon and part of the protective layer are left behind. By selecting the conditions of the
treatment, it is made possible to attain complete removal till the protective layer and allow
retention of only the magnetic layer having the pattern formed thereon.

Of the component layers of the magnetic recording medium, the layers excluding
the protective film layer may be formed according to the RF sputtering method or the DC

sputtering method that is generally available as a method for forming a film.



10

15

20

25

30

take place subsequent to the formati on of the magnetic

| ayer or prior to the formation of theprotective |ayer
woaodsgsm4on t he nmagnetic | ayer the nonnmagneti cPOaIP2007/068019

magneti cal ly separating the magnetic recordi ng tracks

and the servo signal patternldart. For the injection

of atonms of Si, for exanple, according to the '

af o0andet othee dand) nthb gaotectisiee film Hayarpisafor@ed tdea¢rally by a method

commerciallly available.is used.to inject the ato
DrAREBE A A R B Sl ke T $heBHPHGL I RS FLCPripush not
ex@ﬁsi{,g]%ecti ng the atons into the magnetic |ayer,

t hereby inparting anorphousness to the crystals in the
r el dhantongtmetioandf abe wohgnetiausconginghend mjeprxdectia degice of this

. to.be. h neo di.stributed in t.he aporphous. rt. )
imieRtigiein M SEIRE D EHCheh e FRpsls resbrdiie o8 Rianoninal deyice of this
invietid) Bortlpri 8G tih @Bndinatibs tHREAGKdtRE fe86@IHE MBdiuaY $0 of TS invention
depth of the injection of atons is decided at a proper i
and janagc@riinghandatepeodnicingetisned sysiga 2 ressliingoffomngsinaliniag, a medium
oSS} 3880 R BB, BEBEREPE el N SREAR: heas 27
comiiftink G hire¢ording e iadl airsprbhding p£€ a lkad deis@kipagd8 for moving the
above, by directly joining the stanper to the surface
magpetich beadpBY irelativedo she amangficetespiding medium 39 anda recording and
. r . X .
UL b Do TASBY S bR sLOATIAe AR, bt 27 and
refrodueis: an(@utputwignal fromehe angastie-leat 28x Byadonhiming isdse cemponents,
it 1{sf\);£1§ dpq?sélé)ﬁ %g:cg,gstx%ﬁ% H@Lgoﬁ%fegg'r%ﬁﬁé' g{? l?ayﬁég a high recording
- QNP he.- f .| e i . .
oS The aoPRMRTES raorbilE s o D, PR Geiing Medium to
magpetidallp ldisceetd pracessingl, §ds made pessthl¢ ta hogrthp nggeneratinglhead and the
for. exanple. The materjal of t tal .plate reguirges
recyEing, SEAT cni i o 1S sasBemi PR 1Bt B rgiAR ertofore to
givRl BeeegencfititigOheadd a shidlle %A Ban GRE rBeOrHing theain® édpadwith the

of material is irrelevant so |ong as the materi al
eliwination f theonfluence lof eher mpgnstizasioadraapision regipn phide track edge part. It

is GRSk }%?gg‘%?%%? i1 1 btﬁﬁravﬁf@éigﬁggg%egﬁgg OB HiPE high SNR.

erns an
3r e%ﬁhé@@zh@ﬂktﬁﬁﬁinlg hh? trdfgﬁﬁb’lﬁti]flg) part exfgh@l imagneticd hewdr with a GMR
ta. In the renoval of fthe resist, e resist on the .
he@cﬂlplf adMB headyif §s pdg ﬁ%sssal%f%e‘?tawuﬂ’és}%m signal pigpngily gven at high

. | . i u r | . 1 1 3 .

Y @it Fod SN Bl B, Wi FRGHLN hSeh scoding

densityat By waysing ¢henamgoettiof tuaysrcy hd\the gnagnetisrhepueta fall in a range of
rt of the protective

ttern farmed thereon and, pa .
0. Q85 140 02D gt Wk sy 1 e PRy RR SBER £t 15 madgpossible to
indr&iRe HREAIPRNbbtainta high ABHEe BRRSAHA loWoprdkisRIn"ofGOMmBsREi8 recording
removal tili the protective |ayer and allow )

device possessing a large capacity and exhibiting high reliability. A sufficient SNR is
obtained even when the recording and the reproducing are performed at a track density of
100 k tracks/inch or more, a linear recording density of 1000 k bits/inch or more, and a
recording density of 100 G bits per square inch or more.

Now, this invention will be specifically described below by reference to an example.

This invention, however, is not limited in any sense to the example.
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retention of only the magnetic | ayer having the

pattern fornmed thereon. O the conponent |ayers of the
worgs@ssa4r ecor di ng nmedi um the | ayers excl udi RQTAP®07/068019

protective filmlayer nmay be formed according to the

RF sputtering nethod or the D€ sputtering nethod that

is generally available as a nethod for formng a
E)?@mn%?b] the other hand, the protective filmlayer is

for . ' [ . 1.m of .
o AT E oty Bivifle PEAACRERAGL BRE (s Breparatority
evatiatghtonovacemml ofsh.O &l 130.’ ’ Peher lg@n SI‘Hnglgé.mbS‘tf‘at? h@eﬁl herein had as its
etic recordi ng and reproduction device of this
R ORGSO ORs S5 AHCors RO s and Sb:05-Z10
antl 928 2 LOGiR Mah G M%fn?ﬁhgﬁl\@e Garfliert & 5 &%Va‘?l'atah%gera e surface
conprises in conbination the nmagnetic recordi ng ne PO
rogghness (Ra) sf2dvent i on and a recordi ng and reproduci ng

air PR GRalisE Syastialss 3ol Ryt B Feth i ath ohglermedate layer of Ru
anbl &F HaBh&tek BiyEL6F 700o-TrMgPEtiosihe ﬁﬂioyzzve?éa)l @'ﬁt’g%%! B9 ufng the DC

a recording part and a reproducing part, ! .
spuit¢rirignigetbad and @ € dearben)iprotectine fitay tryei endhe dbhoifie-based lubricating

| at i he. i i i 0, and a .
b Eh B AR SR B SE0hE ST aLL M B B Bytone. The
FelOapUsolt iggnatis lgeaeistirdd@00TROME Rucinfee@edidié 134 100 A, the magnetic

reproduci ng an output signal fromthe magnetic head . )
layey 158A @pdibhe Crigatbrak protestipe fidnt leyer an deeragedel Hossiespastively in
r I+ rdi i ving.a
RN ekl PRSI AR RS L B freer Tobe

sptdgific ksmefhy! kiboxaagbaded SOG amsdippiedrbdlispifd doating on the protective film
di scr et it 1s made possible

[ | g .
o 5 SRR R e SR oL L8 e
anQI8D BbREl ir] £ rARAGE 0% BEse BT Sal nubl:! & dohdd E’lé%lg%?t} (the same

ordinary heretofore to give the regenerating
apphed heseinvtiettiv) (ThanS O Blewaethermiallyghdrderkdt till thep$i-@itoind tcbatained in

lm nat.i f .the_influgenc f the m tization .
th SRS tseheige on 251 s e Rorab ittt Bond Youfained in the SOG
consegidaptrhadd dm@aviedionand Ic_bhtainth%RQ pAtadrh 280 9 fnl debBNVvas pressed
regeneration output and a high SNR " Further, by

onciha surfaes phiet $HRGrtedgeansfes tthe) gatiran tto ghe Smr&amagﬁﬁcli the transfer, the
' . T, d, (it i :
oS 2 GNPy BRI e P g s

thiokedss b£8®@nMi ng density and realize a nmagnetic
recqr di r;%gdevi ce possessir&g a high recordi ng density.

By CHERHE EheS QoL B her el hastenen il thg SO ko Gagtained in
1 Sk b8 B 002 B A Bl e 0
Supsssmiett] to this thermal hardening, the convex part of the resist had a thickness of 150
nm and the concave part of the resist had a thickness of 30 nm.

Subsequently, Ar" atoms were implanted by the ion beam method. The conditions,
such as the amount of implantation and the accelerated voltage used for the ion beam were
set as shown in Table 1 below. The magnetic recording medium consequently obtained
had a structure illustrated in FIG. 1. The magnetic layer had a width W of 100 nm and the

nonmagnetic layer had a width L of 100 nm.
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i ncrease the output, obtain a high device SNR and
al l ow provision of a magnetic recordi ng device
woasmsassi4mg a | arge capacity and exhi biting hi gaT/3P2007/068019
reliability. A sufficient SNR is obtained even when
the recording and the reprodd@ing are performed at a
track density of 100 k tracks/inch or nore, a linear
r ec bucidempliye rthe t amaint 100 @mklabiatiet i 0¥t fororbeamr end ahel @ndition of

recording density .of 100 G hit er .square. i.nch or .
acqrlsreied NSRS HES el RaG: WnSohih [A0KEPCE Bic? PTURFIpgy cxperiment. The
coftBB& | B8dalRl it I Blee rn?d@‘ﬁlgtjé Oafdd AX@MHe€ coddiiidn fotrhémparting

I nventi on, hovvever,. I's not |mtegl in any sense to
amexghopiresEicatip| reaginetid layac arenaled agvuaed habe sgt i agivases by the X-ray

.Substrate for. an HD set .t herel n.was.preparatori.l
iRy ign 30 R 0B gosp G agtiph B gn, oy grample.
gl agheSHRAgAIR! Sedbr@dg hBleBiuh NRdd@sed! s R %kiﬁﬁ&)(lzea was rated for
crystallized gl ass conposed Li 2Si 20 20 - K20

Al , .
eleRMyOMPREEC £ATVEHOTPropRDyAntusiag) asspimstand. ddsdiegards dhe lgad for this

03 i nsi i f .
e, s R e AL S o el PRR b BYGREBR s uoed o
rea@if0f Thé"BEREVdlGe hiy S IH-sdrrklo Reradetbmiigsdradbmaasigny of 750 kFCT

of Ru and a magnetic |ayer of 70Co-5Cr- 15Pt- 10Si Q2
wag recoydee ridiegpagirieiragprdiag mgdivpeottingdby therxampleetpoepusequently

fo dtoaex(c:el(iggis\ggﬁ}?)gﬁfi% es?&ﬂ X@}h{ei él“@laﬂéf Ble ﬁ%g%rgy This excellence is

uori ne- I'éat’l ng I'm were stac usi ng
expla@e® b \Dpposidwthas dgusopérat bf/héad tuvgamyydens sebilized)abiat the read-

The FE B soft gnetic._layer nmeasured 600, A the Ru .
writh CaaPSTIETed B H@Eﬁr&,eg%(’ﬁ@hhﬁéﬁfﬁyﬁ’&cﬂ affthat; g magaptiped state
of 1the rEgibhi@bRRIenPHe! If%iﬁéﬁe\’i% fradid Wése er%&tl?l\c’@arn%%dpf Otving to the

nmrespectively In m t hi ckness. Thereafter, a

confirgration of pleet RB propesties,cupieds the I¥R and ghecd T-squaslydt waFescertained

oSS BRRIL L e T M BB DTy P BRISBR e Honmagnerc
pafPad ﬁﬁt R efag@btid henedPoharR mabhdtid pdit ekaeass rﬁﬁlnﬁ%ﬂeﬁc pattern
nm

i
This SOG contained an Si-O bond in a ratio of 10% _ .
copfasmingovwith Hbe tsbepgl ohpalbwn f thp ivaeaviorronNex sestst (Wafeformed in the

QR0 A 470 L O B TR SR paton
thdirgifan ésh tean25% based on the total nunber of bonds

contajned in the SOG stanp made Qf an Ni all oy and .
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surfacde. After the transfer, the convex part of the
roughmiesstbynesthgeant AFNK Ny ssiog tiRoAFMmadechyt PigitebhstiumentaiGorporation,
ofthefxre'sg[ had a . . S
nonmagnefic substrates prepared for a perpendicular recording medium in the example and
a comparative example were rated for surface roughness (Ra) in a visual field of 10 pm.
The results were as shown in Table 1 below. The magnetic recording medium of this
example showed surface roughness of a remarkably low value, which allows inference that
the buoyancy of the head was stabilized.
The magnetic recording medium of the example was evaluated for the property of

glide avalanche. The evaluation was implemented with a device made by Sony/Tektronix

Corporation and sold under the product code of DS4100 and using a 50% slider head made
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t hi ckness of 50 nm Thereafter, the SOG was further
thermal ly hardened till the Si-O bond contained in the
wemwswass4nei ght ened to 80% based on the total RAMOIRI00T668019
bonds contained in the SOG Subsequent to this therm
har deni ng, the convex part o#lthe resist had a
t hi ckness of 150 nm and the concave part of the resist
by i@ dtlewrithilnk ndhe refult3CarashoBalis kpéntl| belovar +Tlxt oragnetisr recording

i,.pl ant ed by the jon am net hod, The condi t.j ons, .such .
meii 6 EioRmndt ShOBFai g SaleoHe WEED: dloBfolrresct that it
excéfbd AOBe gﬁfb@rt{/ 8f badyRntPHr IRAAM wWere set as shown in

Tabl e 1 bel'ow. The 'magnetic recordi ng nmedi um

consequent|ly obtained had a structure illustrated in

FIG 1. The magnetic |ayer. had.a width Wof 100 nm and

t he nonmagnetic | ayer had ga%e&th L of 100

nm T riqbA8BiAAraccdlfigted TBNR | atsquasd At || GRdOdvalaBhe
beam anﬁ’o‘itg%&%%ﬁ hen gﬁBg(:cel(g)r at e?lgﬁol tage(gy e

requifred te he .sef in gdvange by a preli|m nary
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anor phousness to the magnetic |ayer are al so required
InduStrAEASScabllit@dvance by the X-ray diffraction
]“%e{ernﬁﬁé?ioﬁéand the el ectron-beamdiffraction

meaJbisemention isorapelleawpprwvidiiea magnesic recardingrm¢digm  that  secures
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recdf@AE pathiin,F RGaTsAi cbibiAgad tho influbhée 6Bihendignad inteiféref@ between
recordi ng head was used for recording and a TuMR head

thewmlaceaiepattests andagicaly.in The pmRrty &F hégharegording densipy dt pontributes
re determ e Wele f KkE .
el 3o e e Bl FhodB8, K, Mg g ey o
pertfdrénifX angrly cetolinse crepthgiLie rliteytel doritle tramevat &¥f ther ntddhetic recording
erties, .s s the SNR and, the 3T-squarh. This

pro ch .

layes ebineanEelia aé’)@bs}% hregfotnye segaplsdiatnialine phextpsmgle coppplicated
ncy was stabilized, that the readwite

png%ﬁﬁg$ggﬁgg%$orned at a prescribed hei ght of buoyancy

and that the magnetized state of the regions between

the magnetic tracks were perfectly vanished. Onmng to

the confirmati on of the RWproperties, such as the SNR

and the 3T-squash, it was ascertained that the sanple

of the exanple allowed separation between the tracks

by the nonmagnetic part and that the magnetic pattern

of the nmagnetic part and the nonmagnetic pattern

conform ng with the shape of pattern of the

concavo-convex resist was fornmed in the



magnetic | ayer part of the sanple of the exanple in
consequence of the ion inplantation in the formof an
woamsmasan After the determ nation of the propectyPmb7/068019
el ectromagneti c conversion was term nated, the
magneti c recordi ng medi um of 22hi s exanpl e was tested
for surface roughness by using an AFM By using the
AFM made by Digital | nstru@AIMSCor porati on,
nonmagneti c substrates prepared for a perpendi cul ar
recording nmediumin the exanple and a conparative
exanpl e verRgiKAt RY thedprodisétioACST d RUGRARSBcd hBdidm, comprising
visual field of 10 mm The results were as shown in i
theTstopse ofl feratingva Magnetmdeyerian a em@omagmﬂgwn@bstmmommchng atoms into
xan‘pl shovved syrface roug ness of
ol TR TAETEHT e i BT 08 Tntirs, b TaphaRy e &'lowed to
acigrd aﬂ’t@ﬁ)h‘éhﬁﬁbé | thegkby beﬁnﬂi?giﬂ ahighefi€@Lgr deﬁgatﬁﬁ dﬂlalgm:tﬁlf recording
t he exanpl e was eval uated faor, the property of glid
patigray Higctien off fiecing| atas GAMRESING (e é‘i%ﬁpﬁépl%yt% Q2 Surface of the
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irrgdiatéigy thbaaﬁfamadzﬁhyatéils dhsveby partiyCinjetting p@@s inso ﬂreemagneuc layer

sho in Tabl 1 bel ow. . The_magnetjc recordr n
threflglrﬁ@ogmm thesmagpetc laygr omduh lgb thesiptel ?@4 or in which the

res L OMef erence that it excelled in the property of
uoyancy of head. Table 1 Industrial Applicability:
Th| s invention is capable of providing a magnetic

rec rdlng ne t hat secures stablllt of .buo
oh St B wpfitioB e Subpimeliy FreraBp ARG gcording to
clarﬁaqn %bfelﬁ feECH mmmhhg KiKb irrdiRties withGePEdaih®ad BEO bond in a
i nfluence of the signal interference between the

ratipfat8mor pere kaspd onpdotabmmiter phbenkinghe PO §lnbf hi gh
recording density. It contributes greatly to the
enhancenent of productivity because it can obviate the

necassi t YA afetirlr fop e prodactidhloret @hgitgc sépdind aliedivin according to
directed tq the renoval of the nagnetic recording
claimyle pherein Hie siangrfeemevingps thigniag H@rréﬁlétf Wfﬁé@ﬁﬁé&'@s g€ using on
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surfagn éterebyrtmsfedmg;thmedmaaw commxrsrhspeﬂ@ thé mrﬁtce 113 thefres1st
form ng a magnetic layer on a nonmagnetic substrate,
injecting atons into

4. A method for the production of a magnetic recording medium according to
claim 3, wherein the SOG film immediately prior to the transfer of the concavo-convex
shape contains an Si-O bond in a ratio in a range of 10% to 30% based on the total number
of bonds in the SOG film.

5. A method for the production of a magnetic recording medium according to
claim 1, wherein the step of partly removing or thinning the resist comprises partly etching

the surface of the applied resist.



portions of the magnetic |ayer to cause the portions
to be demagnetized or allowed to acquire

wanuspasdsness, thereby form ng a nagneti cal | yPCT/JP2007/068019
separated nmagnetic recording pattern, the step of
i njecting atons conprising t steps of applying to a
surface of the fornmed magnetic layer an SOG filmas a
resébst, Aamtthyd femtheipnaiuotion bf amaggetiheecorigigs mediamdaccording to

irradiating the surface with atons, .thereb tly, . .
clai Lo SEIR SRS, el PREDHEEREES O PR RN wRops dickness in a
ranEQBFbﬂHﬁtoqfsotnlﬁﬁ magnetic | ayer from which the resist

I's renoved or in which the resist is thinned. 2. A
nmet hod for the production of a nmagnetic recording

medip,um agcor di to clajm.1 erein.the £l .

dur Tng. ¢ Aerpd dorPedrodihion of b sEaflic g, el according to
cla?®Ndwhereth thethh®a MmdRI R khif¥EpREERAH vadth @FA00 muNdElss and a

“of bond in the SOG film 3. A nethod for the
thigl pratieaviinge width of2@fhemios 1esgcor di ng medi um according to

claim1l, wherein the step of renpbving or thinning the

resi st conprises the steps of using on a surface of

t hegappl iAegethodifot the prdduttiomaf h miagaetio naming ordiex according to

shape fornmed on its surface, .therehy transferring the :
claip e aereibhesierfappnng thedesisiis aerdorgied; Hier suc fhat gesults from

- : t gnetic recording
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i mredi ately prior to the transfer of the

concavo- convex .shape contains.an Si-O bond.in a.ratio ..

in & range™st 03168/5{%8 PEOACHAR Q2 SPABIREC FEPHling, Fdym ggcording to

clagﬁ Rd§nkRid e 2R dol BdThjetted ArdRbAQ G LRE of ABrdMmeAlEkiseldcted from

a magnetic recordi ng nedi um according to claim1,
thevgreveconststiag of BpPo¥i, Bt C\Iny Bindiri Ag %8, Whiinieda #nsd Sn.
resist conprises partly etching the surface of the
applied resist.6. A nmethod for the production of a

magnet i ¢ A eRAK6H fod theprodidtidm@atthfighetio rédoadifiy medium according to
wherein the resist in the partly renmoved or thinned
clapre 5 wharsithide atpmsip bedeiseed areKi Gy dtams.0 nmto 150 nm
7. A nmethod for the production of a magnetic recording
medi um according to claim 1, wherein the has a renoved
or tihi nned mehéd foathe grodustioaitdf achadi@fic meccoding esslivamdc@rding to

thick part having.a wi dth of. 200 nm or |ess, A
cltrB ISR e RASpRGlAL e g  oF cBhea e PES R 0 H
medi um according to

12. A magnetic recording medium produced by the method for the production

of a magnetic recording medium according to any one of claims 1 to 11.

13. A magnetic recording and reproducion device comprising in combination
the magnetic recording medium according to claim 12,h a driving part for driving the
magnetic recording medium in its recording direction, a magnetic head consisting of a
recording part and a regenerating part, means for moving the magnetic head relative to the

magnetic recording medium, and a recording and regenerating signal processing means for



claim1, wherein the step of applying the resist is
perfornmed on a surface that results fromformng a
wonaais@ssdsve fil mlayer on the magnetic |ayer. ®CTAP2007/068019
nmet hod for the production of magnetic recordi ng
medi um according to claim 1S erein the atons to be
_injected are atonms of one or nore nenbers sel ected
inpytting g ﬁ]gn@lrtg ke magnstistheadansk re@enemytingian datputsig@al from the magnetic
IWE%’ Kr, Ar, Xe, W As, Ge, M and Sn. 10. A nethod for
le production of a magnetic recordi ng nedi um
according to claim9, wherein the atons to be injected
are Kr or Si atons. 11. A nmethod for the production of
a magnetic recordi ng nmedi um according to claim1,
wherein the magnetic |ayer has a thickness in a range
of 3 to 20 nm 12. A magnetic recordi ng nedi um
produced by the nethod for the production of a
magneti c recordi ng medi um according to any one of
claims 1 to 11. 13. A magnetic recordi ng and
repr oduci on device conprising in conbination the
magneti ¢ recordi ng medi um according to claim12,h a
driving part for driving the magnetic recordi ng nmedi um
inits recording direction, a magnetic head consi sting
of a recording part and a regenerating part, neans for
novi ng the nagnetic head relative to the magnetic
recording medium and a recording and regenerating
si gnal processing neans forinputting a signal to the
magneti ¢ head and regenerating an output signal from
t he magneti c head.



