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WD 2008/ 026610 PCT/JP2007/ 066697 -1 DESCRI PTI ON
METHOD FOR MANUFACTURE OF MAGNETI C RECORDI NG MEDI UM

WONDS/0MEBNETI C RECORDI NG AND REPRODUCTI ON DEVI BEI/BP2007/066697

Cross Reference to Related Application: This
application is an applicationlfiled under 35 U.S.C.
111(a) claimng the benefit pursuant to 35 U S. C
119(e) (1) of the filing anese Patent
Application No. 2006-23&%&%?@8August 28, 2006
pursuant to 35 U.S.C. 111(b). 10 Technical Field: This
invention relates to a nethod for the manufacture of a

MEJHEOP FOR cMANUEACFERE. OFf MAGNETES RECARRING MERIUM AND

lgltraw ce. @gbgmwﬁﬁ%mﬁﬁwgdm“ on

magneti c recordi ng devices, such as nmagnetic disk
drives flexible disk drives and magneti c tape
@rasy Referense to Relaied Awplicatiopanded t hei r ranges of

util "%‘ s%?gh&ﬁ' Hqg aa%napﬁhga{ur?ﬁ]' 8@%%dere?g %S ?Yﬁlg%eaglmmg the

direc magneti c reco
emefipursienit to3 3 UeSse ﬁleo(a)es of meb'ﬂmgrdate ofJapinese PptemvAsblication

in cordin ensity. Particularly, the increase in
Yo ABE P8 red e zs: elbarmesiatin o SHers gi G0 ng i n
ardency since the introduction of the Magneto

Resi stive (MR) head and the Partial Response Maxi mum

T¢cheicaligeld: (PRML) t echni que. Owing to the further
i ntraducti on.of .the G ant- N%%neto Res

GWR) . )
head HHS PRBHE, FHIEFS Iy MEG TORCRS Tap P Sz%ag?estacdrecordmg

MBdiACRAtusy QS a Hab® disRATRRAI t® & RIAEAHE fégoﬂ’ingaatﬁlafeﬁroductlon
of about 100% per year. These magnetic recording

davifiea are being urged to attain a still higher

recording density in future and their nmagnetic

recording |layers to acconplish addition to coercive
Bavkgeound Birgnal -t 0- Noi se Rati o (SNR) and resol ution

Recent years have been witnessing efforts that are

bei ngICERENt FET: WF tMALNRGC EIPEHRE %PV@%asﬁe h 3§ maguetic disk drives,

a8 Uiskr eglafw R&ld ¥ A8vesSRa A NGhsED dBEnd thaf fanges of
he ensity as

recor |ng ensi t y Inc eaS|ng rac
wtidity .and gained in s1gmﬁcance efforts have been directed toward enabling the

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

adding to the surface recording density by increasing the track density as well.
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WD 2008/ 026610 PCT/ JP2007/ 066697 -2 In the | atest
magneti c recordi ng devices, the track density has

wo e@shad1d 10 kTPI. As the track density is furehan2007/066697
increased, it tends to entail such problens as causing
interference between the partg-of information
magnetically recorded in adjacent tracks and inducing
t he etization transition region i he. borderl.ine
r ogi o 1P6 e BiBtRtie eepding Sexise o backdRSiypEs eaghsd 110 KTPL
ANthe S dédfty i8R SinbreBse8 N RARRATRNEnt@Hl sbdtf problems as causing
recordi ng density because it imedi ately results In
intgrierener) betingenithe partsopf inderanatipprmagneticabliygeadrded in adjacent tracks
i ncreasi ng the surface recordi ng depsit Lt 1S. .
o ST e migenpifeaiof frnh Sseioh L P oleplinestegipntp gonstitute a
noRgnlice dandGipdirtbe SBIR. UThREfaEtoRifilsds ithe @fhafdeéne of the recording
size as possjble and enabled to secure as | arge
density because veigreediatalyiresylts inilomeging thecbif ¢ronrate. t hi ckness
as p 1,85 LA).Er - C ' | § er .decrea
o Sl i ket iRl HECRHURS Feelldidl btk iCRRR@R that he
iadividesiseoordingt bies on themagnedic HsEording MAgeh i beafored pehs minute a

i nduci ng extinctiopn of recorded data through

bit an i

Sizges ﬁﬁﬁ%ﬁé? and enahled @ serg s agrswtprpied magastization and magnetic film
| i . th i . t i

(i3} e e ek Vit AUARE Qickeate B B4 howover, they

tend toaarkaiksrch proldeinm ias| lessenfingethe meinhym oliimeacfC magreyization per bit

and, ,at_the. sane tine gener.al | y needs adopti on of

o PR BB 0Y oF ersolpdrdaes fHapghufh qraenede i gevepralcaused by

tRétthal B¥@Gatidnng the reproduction in a snmaller width

than during the recording with a viewto elimnating .

t he iFurtheensiecef thsmtranke pitbhageavws smaldk shet maghetid wedosding device
sihle twi thstandi ng t.hat this nethod is .
RO " AL S SEHnBlob (R PIR LER et A, g Shme time,
gendralbe Atedsradoptiort Of the Thélhddl6F executir}l fhielrécordiag i & Airg8 Width and

as rendering sufficient acquisition of the output of

CrePIBa 1k reprodction dnp smater wisith dicdwring the geserdingywith a view to
il tne SMRREHIARN de Stifdeh€ifitks DFine fuiRRe pBRAIE extent.

0 Ccop A € proplemo er na uatl on
Nawohphndifg that qhis snéthoad isoéapabldusf SiNPressing tisuinfiueneenbetween the

{ put tt 1t ] the t k d it 25 by . ..
BB s o P 8RS WBbiehs 6 sersonoh oo euisiion
oFfthd &Rgﬁt%f%ﬁbﬂ&ti%ﬁ@iﬂﬁ%ﬁﬁﬁd EOEQEHARD A iKY &iFeRMyYn securing a

separating nutually the adjacent tracks is nhow under
sudiclentANR. t echnique will- be referred to as a

e 4 Pk PG 15 GRIHA By Piple L RrGcftopand Hcomplish
acqlisitioe ¢f b due SNRlios arsaffitidnt agtpulieli Atemph & ehan&eiheWeack density

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

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

is formed on a nonmagnetic substrate bestowed on the surface thereof with irregular
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magnetic recording nediumthat 1is fornmed on a

wosmemeet i ¢ substrate bestowed on the surfacePChareei066697

with irregular WO 2008/ 026610 PCT/ JPR007/ 066697 -3- P
patterns and enabl ed to acquiBe physically separated
magneti c recording track and servo signal pattern has

been knqwn fer, for, exa to JP-A 2004- 164692)

Ffegns rFé‘?élﬁ‘? RN rs’angﬁtﬁ??ﬂa@dan%@ﬁ% ﬁ"é@ﬁg% Erack and servo
$igvdt hatkGh RECHRA khbéin mfe‘r%ﬁ exdipl& t8 YPSL 604164838 $SSI Ng

a plurality of irregul arities on the surface thereof

vi a aTkismagngicraeprdinganddayme hana ferfrasagaetic biyecformed 6 the surface

the surfac t he ferromgne
Ao R0 BoASreSite o Rl ok eSO O M B e Vi @ son
8gHeRi0 Sayleh @icERs aFEREGingSiln fRiiMkd o $hd K208 f the ferromagnetic layer.
magnetically divided fromthe environnments. Accordi

Tlys maggetiratpeerding medigmdhasgforraetl mﬁheuqonV@(eﬁerleglomdlere@% magnetic
-G TEohY malRAEAL Sylaa Bl e MRRAEAS T hal "o

t he oAcurdiagae this nmagitic ecovdings mediugn, Siofis hﬁﬂgﬂ&tlaChlgh-densny
a er. can ge suppressed results i.n preventin
Tetie AEROTgNg mdium IsspIng ouBFeRioRPiTe e heokd m|e3 because the fact that

1@@ Q)%@ﬁﬁé?)g %F %g?hét&%gﬂs 1ne§'§bﬁ W@%@iay@ﬁ&ﬁ{ E)r al(fi}}}ﬁ@ssed results in

et ween acent si efe
premdmmg Lthe |1sﬂliemow|mf |thertnmb ﬂuctmmon ifrean readiiyt hppeasihg @hd allowing

s a bse 0 forn1 a magnetic
?‘818899}} ofgn 'ﬁaﬁﬁeﬂ?ﬁ '?‘F ﬁéy’aﬁ‘?“t é‘gﬁ er of 15 stacked
thin fhd dBcrél@dradk 'f@:‘hﬂ%qe Wikddwd 2 lﬁn&g‘ Q-4 'rﬂemod which forms a
etic recording nedium either directly on

n
QQ?( swbsequentatosiopningaa emagnetmteseqm@nnedmm oomnmglg of a number of

SRR, B0 ) M G5 S
éiﬁl@#dﬂ&:?l&?ﬁ?th@ﬁlﬂfa&?oﬂa 26 ratk 67 68¥sequét €o f&ﬂﬁ@ inf¥palaPpatterns on

often called a magnetic | ayer roceSS|n% pe net hod,
3 thingfilyg layes fgadynfondie fasmatien ef prigpck Heefer %Pﬁaeru)lmto JP-A 2004-

1998 | %d 29K ﬂrﬁ'ﬁ%égd FHE 16510 r}ﬁetﬁgﬁr&?enogalled a magnetic layer

production an reat conplicating e process
poodsiagitype awthoed) is bteaadisaﬂvaﬁtageequ|suﬁ‘er1ﬁg1d1ephyeémnalto be readily
rocessi f surfaces

Q e carried ut su u
RstiRasted duing S eorvene! MdhEin e eiealy EpmRRcaTad, ihe process of
Fol@Rion s Vel BetauRP PhirRs QSRR prtREss tMrfaEQQHgﬁ: carried

‘not i nducing ready contam nati on during t course
eut cubseguen, toj the formatipnseftthenmedjomi n The siatlbﬁbrl method, oﬁen called an
st.abilizati.on of t

FhED 5B oBr o ABed I s ebRe dedh g Gaion during the

et PréduchNe G/ite diSaRhmtagdin AEubling Blabilizetidiof'hE b6sture and the
floating on the nmedi um because the | ré%ﬁul ar shape

hesghteed floatatipe of hetyseerding 4nd reproducing heashadanted to SRecute recording
and' r%fn%ﬁﬁané) Ovhhg' ﬂogt'irlgn&r{ fle t?r?edfil.‘ﬁ‘ﬁ %ggduse the irregular shape formed on the

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

A method for forming regions intervening between magnetic tracks of a discrete
track medium by injecting nitrogen ions or oxygen ions or radiating a laser into a
preformed magnetic layer has been disclosed (refer to JP-A HEI 5-205257). The regions

between the magnetic tracks that are formed by this method, however, suffer survival of
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A nmethod for formng regions intervening between
magnetic tracks of a discrete track nedi um by
WO pjosoedemy nitrogen i ons or oxygen ions or radPEr/irg0z066697
| aser into a 30 preforned magneti c layer has been
di scl osed (refer to JP-A HElI-%-205257). The regions
bet ween the nmagnetic tracks that are forned by this

.nethad,  however, .,suffer survival of WD 2008/ 02661
PRS0 Pt asd St Bheatt o KB DrrRdarecin S6e 8f lqvs saturated
hagRHSRioRlanb g SREFGIbYEOf iRAEEnd BlufBd b6rtiehs lnFtWe data written in the

saturated magnetizati-on and incur the trouble of
magngtic Hcksl urred portions in the data witten in the

0. oarirhet RIS bR o R 5 AT BT Hegtin hiVing magneri

re€stdingi patent digposed iithpdeFaie tedularii@ fpenibite theefiitatiod ¥f magnetic
per bit, the formation of magnetic recording patterns
TBGording pafgrna by efhingéneatoi radiaiagn phiess oF by ymparag amegphousness to

AR ARG Bl beph WRCIRENELLE o, TBhicdP el BICE, MR2005-55
EERHL- b 21-260@he) Instinate 3fl-Béctfohivs, Mifotrnitidne and Communication
| ectroni I nf or i on_and Co ni cati on Engineers).
efsh, anfh ) Sniha % £33 13%4). it o mWen%fmé%te{n)aﬂed the
SRS 50 e UL, 0SB o, e s
thé¢reofowffessuddcing ofl Hatinessaluoihg theatauesofdnarufiapturh @and ther reblem that

f. manuf act.yre and th r obl that the.irradLation .
i ifroretion it RaE BipetboRbrauitien airmagiriizghiet P demoppnetic layer
0 theieradREBE With ibAY BFlict@ddndeldnithé ARbAdtIcARyeMahd iddABSs decline of
inflicts danage on the magnetic |ayer and I nduces
flpgness plthgsurfadegherees of the surface thereof. 15 This
I nvend]. .0 a. ' cordi ng,. medi um encount.er i ng.
t oo g et i BEhed JelBink AehiOR En by il ditficuty
in eosequeige @€ additiyn to fecolidingCdensityl, @s diréotédatelifdndting the blurring of
gl rripg of the data during the magnetic recording .
the, at.gdﬂlgggl}gﬁﬂagn%m@rdp}g ?x}ﬁieccg),sgcmenﬂb@gq.hgg 49 the .areal recording
RO R hefptind B SOGUE G SRCLPLRISAEIR dobrcive force
ibetheermgidnsebetngeretthe magnetici regordatgt @atterpopartions aaddthe residual
t he r.esidual magnet.ization t.o the .fullest possible .
rRgErefigioh f Ehe ISR RORPIE Rrsemtabieciefipingh e B Bigg an geproducing
[R6SPRdst dt 96asPhbdvRahé ca@iforiah Rve MAREIIANRWithG¥&lect to the discrete
Particularly with respect to the discret'e track-type
traglriene magestisr ticorglinge diediwm bhat imppas the uhdulatimububsequent to the

u depositian of the magnetic |ayer on ...
PG S bl A bR lTPRRRE GPislifegPividing o
m@héd bf ohanEBcthRC tHat eletisidtlydsigipsifiés | tHe Progeldufed 66 midbafacture by

procedure of nmanufacture gl\l/ 25 excluding the step of
¢

Feldipgeihr Aegot AemagisHeing dhe spgpeticnlayer ard peschiging occurrence of
RGEMHIEQ farfination and a useful magnetic recording medium abounding in surface

smoothness and excelling in the property of buoyancy.

Disclosure of the Invention:
With a view to soling the problems mentioned above, the inventors have

continued a diligent study and consequently perfected the present invention.
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noti ceabl e contam nation and a useful magnetic

recordi ng nedi um abounding in surface snoothness and
wex@eltiong i n the property of buoyancy. Di scl oBCF/&2067/066697

the Invention: 30 Wth a view to soling the probl ens

menti oned above, the inventor8-have continued a

diligent study and consequently perfected the present

i nvengi on. 2008/.026610 ,PCT/ JP20Q7/ 066697 , -5 The

or eoetfe PERTEN. TBANGIOFORIGES 5; HE Pt s oPRCl dusreqtndr Gisfhod for

rBaniFAdi@thef DiaghBkio et Hing infkdlien &R 1sing Jt&fsVrdepékiting a magnetic
medi um conprising steps of depositing a magnetic )
Inygyon ab feagt onecf surfages obp nonppgretis sybsteatqanthinjpsting gtoms partially

e adicte Mg g Acelke B bt/ aitie] B, pjged atoms o
ianpatting esthdrpisouis mgse thezetoptaofmod nfaghdrieally iséi@irated magnetic recording

anor phousnpess thereto, .to, forma magnetically )
RAEEY aglg&lm%@ i of ipiestng)inglpdey thet tons of\aRalyéigresiseto the at least

SHeSRride gdﬂbﬁg&gtntglthg Sled q)?%ebgﬁi@a?ﬁiaﬂ% d@@r@@fﬁ@? ghitcllcqneess of the

resist tot east’ one sur e subsequent
resisgmandfirratbpom 4 surfpce phithei rasistywide atomasthagby inductignmstsal injection

f.th i st d . i ati ) .of th i
Jhiths S fethe Braghs; o 4 AtHon b PLpRT 84 the RSt fecstised i thiskness.

at OMBn kiR debéhd MPEE b thel iaVeiioh Map it RO fHe! R&tRo®for nMufacturing a
resi st decreased in thickness. 10 In the second aspect

igneheracondingt mediumiagconding todhesfitshaspeet; thedstdpdlior partially decreasing

' F At Ul ) di di 4
TRBETfod Y sEhpuRRMHEL e Pt E5066 o7 I Pt 4, SR sxiitaye shape
fofmalCaoafirfasiea kympr ansferring to the surface of the
resi st a convexo-concave shape forned on a surface of

a st dhphe thirdiaspect Bf the incension that in¢ludsrhe methnd fon manufacturing a

DG Rl HEN IR Ceck B APl hopB, e sl AT BAFAY decreasing

is aapniptished dytpaetially etchinigeths isidaceiof tlecresisgpl | shed by :

partially. etching t surface of. the resist t he )

F our tiA et agpect ﬁfgtﬁf RYERtoDthat W&{E‘d%@fe %%%04 manufacturing a
; u ; c 0 | .

TN AT DT, (AR TR POiTRE of e resi

deerspsed in thicknessdwate athickneskimesmngaok]l amithil6&nmss in a

| e s S8R Pt hadtvenfian B ipudes hergR kg dor Meppfigroring o
Magiest ircof @R iddi@m "Rebring@ €6 Ahslifitg Aspeéthehd pbiions of the resist
aspect, the portions of the resist decreased in

depiieasedd shigkness havg awidths off b9 amm @rrlesscans ether pertiens of the resist
qggggi\,gq}ﬁ Phod gfist have a width of 2000 nm or
ess. es

I Xth aspect of the invention that includes
t he riEhchsirdh faspectraf thieaitiveritiongthat includes the method for manufacturing a

magnetic recording medium according to the first aspect further comprises the step of
forming a protective layer on the magnetic layer before the step of applying, wherein the
resist is applied onto the protective layer.

In the seventh aspect of the invention that includes the method for manufacturing
a magnetic recording medium according to the first aspect, the atoms injected are those
of at least one element selected from the group consisting of B, P, Si, F, N, H, C, In, Bi,
Kr, Ar, Xe, W, As, Ge, Mo and Sn.
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wee@seisive | ayer on the nagnetic |ayer befor ePCHEP80%B6697

of applying, wherein the resist is applied onto the
protective layer. In the sevefit-h aspect of the
invention that includes the nethod for nanufacturing

magne cordi ng nmedi um accor.din toth first ]
aspec t“t pighth aspect Pg}‘@d{‘\é‘?ﬂmat‘ ghay psdustes s methag Rrgmanufacturing a
lﬁﬂgheﬁk @é@%@&tn@ %e%ﬁfn? ch‘of'&lﬂé H‘ﬁte%%ﬂi’h QEHE%i %@Hef@n ﬂfe ﬁoms injected
qﬁdeSQOfﬂ@K’mU@lOZGGlO PCT/JPZOO?/ 066697 -6 In the

ei ght ect of t i nventi o ude

oo noh 18 R adest ol e iy ERio gt BEfucef e ReiRed, R spnyfctoring =

rﬁ@gﬁétldll’@@orﬁﬁlgt mediafy 8gdordias R6 Cthe ﬁ)ﬁﬁfa@e@t tthe rﬂdg@t@ﬁc layer has a
ected are those of the Kr or Si. In the ninth

‘é BeSS i range of 3@ @ nemn that i ncl udes the nethod for

t”g”?;’lg&% t:églféltrhg &t o? h@?ﬂe%t ? es%l I‘R%I{E?lg r&@r@gg %cfj reprgoduction

delvicekaoampsising ia cb&ib@ﬁtlﬁﬁ thk mogr%ﬁc rremrdfﬂgenédemh nsmfRAired by the

of the inyention provides a nagnetlc recordi ng .and
TPeBPY GERATFiBR to daYione of SIS di teg:i hdBYABiPAE fop AriviRg the magnetic

B e diif B4 glr&grd'ft?%é %E}'.IHH %?gr% glgacpg%'fnllgt&ed 2 Ha%grdmg part

according to any -on al’nms
dndr a degencrating hpartnagast ite mdver the onagmegic nedd uniatme ao the magnetic

rec rdln di rect i ¢ head. conposed of a

TeERIig] AGIE ¢ ands Aq resordings ABY EBRSTHINE SIEREA RS CESgpeans for

lhtstﬁunggln sikhal feead thgé@tlb ViRall QaniNRBRINSTG 6n i rsind0 from the
dium and a recording and regenerating signal

Iptgjt@égbﬁf}dg means for inputting a si gnal to the

TROVSHE RFRIoR A RSP R RN Ry R meanee

rbétﬁdﬁhgl’]gitﬂéﬂd suhye@éaptcedtet SiiBh S f e g d:tfc lav&con di Mihmagnetic
ttern subsequent to the e03|t|ono a magnetic
%ugvéarte Shablespiomisiigcs magnetig wgqqrfémé mediyp secyrigg évbtttmgf buoyancy
c r n
RahuC pbSEQI 88 KEHIT DAY o] eralifl ridefic hecarding patterns

succlgEipag 4o Enomnﬁlnemctecofr sigmal dintegfepamict erengeen the cxdym:bntngattems and
to IEO i.nfluence of éﬁi gngl i nterference ﬁetvvee [1 ;
XG7IHRRAD het PRAPRYY Miqhigh wesding dgnsity- ¢ HE 3R opesthy, coptribute to
AgFRntifE tpP&iu@ﬁ\'?lgl b¥caudd itC Ao %ﬂtdt%gcf?x@t%&ybéﬂzlﬁn% SGrocess for
augnenting the productivity because it omtting
rtemevmgya anagneng layeo dr s dfeothereferrberietafore held rtet éntail ap egxtremely

p‘i’ic#g?n}afﬁgfa%{ %nggeorc%st ofore held to entail an

The magnetic recording and reproduction device of this invention excels in the
property of buoyancy of a head and excels in the ability to separate magnetic recording
patterns owing to the use of the magnetic recording medium contemplated by this
invention. The magnetic recording and reproduction device of this invention excels in
the property of high recording density because it is susceptible to no influence of the

signal interference between the adjacent patterns.
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conpl i cated manuf acturing process. The magnetic
recordi ng and reproduction device of this invention

wex@elzolh t he 25 property of buoyancy of a heemJR2067/066697

excels in the ability to separate magnetic recording
patterns owing to the use of-¥he magnetic recording
medi um contenpl ated by this invention. The magnetic

recordi ng and reproducti on device of this.invention ) )
excol £he #ove and Shisp apiegtsothacisstie &atuiEh §f theftpiegt mvention will

6L aFpdrént it 148 SRiMbA Bl fhelaR Fisin kY ded&riifonAb VelMiven herein below
signal interference between the adjacent patterns. WO
witsfeeseto tIRGRcompayingdeedes. - 7 The above and ot her

obj ects, characteristic features of the present

invention will becone apparent to those skilled in
BMmseriﬁt[@mﬂth@Dmaﬁgg; ption to be given herein bel ow

with reference to the_acconpanying drawi ngs. 5 Brief )
Descrlilfr il dha g¥oss pestipn dlystating the siructuref 4 reagpstic seserdinghymedium
[ ) ' ucture of a magnetic recording
dﬁ%%@rﬁ%%?gﬁsﬁﬁe}gnﬁéyw&e present invention. FIG 2 is

an exfiGaratioran exglunadgwiey bieviagnthe oconfiiguakionf oft ki magnetic
magneti c, recordi ng and reprodu&%i on devi ce .
f&EﬂfE’é‘ﬁﬁP‘éff‘é’ao 1ph deircanirmplae@ Ry Fhsrpresept iB¥entioppde

for carrying out the Invention: This invention relates

to a nethod for manufacturing a magnetic recording

BastiMode foranapyingi owgj theHevatieps of depositing a magnetic

| ayer..on.at |.east one surface o nan- magneti c

subst TS dnVERHOR Hekiesalq 2 ampdod rﬁroégf“? CHITHTEs 2) Wpghetigerecording

HEHNA! ESmpra® the sk @PHepbitiig mggﬂe{ié 143@r bR @t RASttdn8RSrface of a
of the magnetic layer having admited the injected
nengnagnetic sybspatetand ghearpsrtplyugjaeting atomws otto therdagrietiolayery thereby

L T p—

ilnpheidgi Ngophoushessntizrétd cand&@lipwdhg Fotmstiin 60 MRddne6éally separated
appl ying resist to the surface subsequent to the

m ¢ iTBEPIEInS: PRiterysy gierein thesiep, op artiallly| niefbiagediempgnto the
Bl Ly Wb EYSIa B ub et BBl A8 b hion o
mdgnetit fayet, ipertmtlp nscreasilgethie thiclatesdof tht dayteh ef resizyaed iradiating the
| ayer rough th ortions ,of the resist of decreased .
A t"_ﬁ‘g‘ tomps. Sherehi alloin AL i) Bt iifgted into the
rhalinetié¢ RGerMEdBhitke pHSis oMAER it deBRhsdd thitkndssf t

behind in only the portions of the nagnetic |ayer not
expedndhe step atl partially) injeqtivgmtcamsdinto the magnetic layer, when the resist is

left behind in only the portions of the magnetic layer not expected to admit the atoms and

the resist is completely removed from the portions expected to admit the atoms, this work
entails the trouble that the atoms efficiently injected into the magnetic layer will inflict
damage to the magnetic layer and will etch the layer.

This inventors, while pursuing a study with a view to solving this problem, have
discovered that by allowing the resist to thinly remain in the portions of the magnetic
layer expected to admit ions instead of completely removing the resist, it is made
possible to markedly alleviate the damage on the portions of the magnetic layer to admit

ions, accomplish demagnetizing the magnetic layer of the portions or imparting
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the resist is conpletely renoved fromthe portions
expected to admt the atons, this work 25 entails the

w0 e@alote@1a hat the atons efficiently injected | PCDIRAE/066697
magnetic layer will inflict damage to the magnetic
| ayer and will etch the layer8-This inventors, while
pursuing a study with a view to solving this problem

have, di scovered that .by, all qw t he sist.to.thinl .
%%Pwspwstth%etﬁomﬂr Ertain ghe ftH%%gﬁn@@% of &Faxygfonéwéett ow, this

ihQertfdfIvhill b@Ma8scriBed fPGktAl h&GOMMefve! Y renoving the
resist, it is made 30 possible to markedly alleviate

t he dBagwention redateota 2 oragnetic teherdinggmediim prayided po at least one

adm t ~jons, acconplish demagneti zi ng, the etic . .
s bR D At AR rhigge GBI OB D98 Brgheti recording
e 6468 BY causiflg MDARIMBESIEER DattleRigio MAhetically separate
retain the surface flatness of the portions intact. ]
the vinagngiie recordieg, Prigern\iarts tparesids Epmbisiecting ataray into the magnetic
€] I Thicg | ipn.rel t et.ic :
gl R e G0 bERE SRty 5 BuRBASHRE g mapns

feberdingnmedigmein thesnibgietiatseparhtidh af theomfgdnetialrédording pattern parts,
seﬁ@rated magneti c, recording 5 pattern and produced
Pryludsy shengtep i plysically separatinga the Biagngtigreeyding pattern as by dry

éfaﬂatigs} ﬁﬁhﬂ;i}{%lﬁ’t%ﬂ?ﬁsaﬁs%dtb. thd CERENt dhal ﬁsﬁ{fg&ggn&g)ﬁ%ﬁan.

par to res rom i nfecting atons | netic
| ay erThel tematimagretioeetordihg patedrh pdrt'Ofis ased $n thisvianéntion ehtbraces the

manyf acturi ng the netic recording nediu in th .
weged Petengbinediig hajing hasnes FEtarding gaisras H?ap?fsé i definte
e@blhsty foP ¥&dhUSlEShe AR dfin Matihg %bﬁ@l‘éc%gﬁ%’ﬁit%ﬁ@&sﬁ&%d in the

magnetic recording pattern as by dry chi ng or
formepa trgckvandcother sesiockignal patterasonvent i onal

manuf-gct uring et hod.. The ter.m "magnetjc recordin

pat t ol fyspoR ot ! HE Applcl. RS Bt i, Enlifpated above,
Eoidcidriyeth prat secdRd divdetenypavhaiheti®Ge®irdifig 'eédid] MY which the
patterns disposed with a definite regularity for each
pagnetieally sepefpieeh MAaNCHE TeRoEtBg Patterat 6PMEPTNS Pagnetis mecording tracks

BHSBR3S b bdiidfhs, Ilrg&gehﬁﬁt & thd @o%%e,ﬂ&%e%;f%&mfdg{u\ég

si gnal pattlerns. S Invention prefers
appl i'Bds inventivgn wilhies desedbed eelowthyatefetlerebofoe example, to the discrete

tgljgr_ti cul .ar%&s.o thﬁ' so-call ed discrete type magnetic
CORSRG THROGTBMEAR hi ch the magnetical |y separat ed

MAgNEIGC ¥ hRtdied Ah alrb QLR GRIMILSErd IR idfscrete type magnetic
recording tracks and servo signal patterns, on

rgeardngtmeskium jof thue inventiemc 4 roignetio uécaecdiog eredifim 30 of this invention
invention wll descri bed bel ow reference, for,.
2Rt 2 e i 5 & b B8ty eoshigh: o REC e Taver, an
ifRethedtate Fdyer 21a iaphticay®S RdvehgCnfiSifetiS PattdrRdrmed thereon, a non-
structure of the discrete type magnetic

magnetic layer 4 and a protective layer 5 and has further formed on the outermost surface
thereof with a lubricating layer omitted from illustration.

With the object of augmenting the recording density, the magnetic layer 3
provided with the magnetic pattern prefers to have a magnetic part width W of 200 nm or
less and a non-magnetic part width L of 100 nm or less. The track pitch P (= W + L),
therefore, prefers to be decreased to the fullest possible extent within the range of 300 nm

or less with a view to heightening the recording density. To fulfill this scheme, it suffices
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recordi ng mediumof this invention. A magnetic
recordi ng nmedium 30 of this invention has forned on

wo bessesicace of a non-nmagnetic substrate 1 a sPET/JP2007/066697
magnetic |layer, an internediate |ayer 2, a magnetic
| ayer 3 having magnetic pattePns forned thereon, a non
25 magnetic layer 4 and a protective |ayer 5 and has

further forned an the out t syrface . thereof with
19 gy e SDPHGII L PO PREGHS HFRGE PYSHhiCB e gkt 200 nm or
lefiSsialh®rio ME vAYE W Hht e thitef R7dth $drEorAE8NBD i orf 1B similarly to

magneti c layer 3 provided with the magnetic pattern
the ®fidthd..t o have a nmagnetic part width Wof 200 nm or

| ess and a non- magnet. art. width L, of. 100. nm or .

| cos. RHhe hPBRERAT ahpsroflovpel i 25, iAoy of various non-
Rt Subis@rafes, sUEl 1LAPAy!sAbstfeesiid deSTAIPAE 2116Y Bavind ADNAs a main
within the range of 300 nm or less with a viewto

qEIngReE nany subbrates condel f caestallizgd gipss ;liklef prdinamisgga glass and
icd e / PCT/ JP2007/.066697
GG A AR, S28RA0, B PERIE ARV Aons

he 1 njection™ e n
dxamplesr civdddbovef Alhellsyesubdtratds 20D sabitfites hade of glass, such as
sim'harly to the width Wand the thinner wi dth thereof
qrystalieednilagy apdof sdican egs poed: partigarlyifetarably. Aderayerage surface
- | :
BEERAIGH f R ABIALR Sectft R hfh 1S, BIRATN 1 g o fess,
and | payticailavkyt prafeeablyr@denmfor AbssMgTHS imwentiow iforensAdn the sarface of this

in, co nent and substrates de of crystallized, .
yPsttte i FECoB drvel as_aﬁﬁﬂ@sa% ayef ol ﬂhﬁdgwri Pcaneintermediate
18yeRS SThe Softi idPhetid ia@&n#Mnt&ﬁE&meQ%@%cUﬁé InB&k3sar $dr'the vertical
Anong the exanpleS cited above, al l oy substrates

bean typdwegnetic seqprding ofedighmmss, such as crystallized

gl as and..of silj.con are, used particularly .favorably. .
The atnoBBf e fancliE M6 0 Gl AREobh afe bl dsfun it hwep the in-
pléneexpartic dedopdig ldyen Bhdthd Rftical ﬂﬁﬁn@ﬁ@bédbr(ﬁné 14381, Qf prefers the
| ess and, particularly preferably 0.1 nmor Tess. )
verical magastic rspordieniayes ot the sake pisealiging high reconding density. The

i - .
il EROPROL AN 22 aB0 i RS0 B kB o P Al Co s  mai
doapenerand i nt ernedi ate | ayer becone necessary for the
vertical ., beam type netic recordi ng nedium 15 )
Thoud P e THEEPRRY MECArEE laysf 1oRj1e) HyBa( nchienfomaERtse recording
el M fthekelCitMRRRe (cBRPbRY Hf 2NontReARic €6 Clﬁlrdgl:: %er and a

l'ayer and the vertical nagnetic recording |ayer, I
fprremagnetic KoCrRdatmagakticriayeratan beradoptedi ng | ayer for the

R MR RN e p——
édigm, ek ipeydubaresilEn&frofSstakif 1ini6g MR &fdlle of a soft magnetic FeCo
alloy (such as FeCoB, FeCoSiB, FeCoZr, FeCoZrB or FeCoZrBCu, for example), an
orientation controlling film made of Pt, Pd, NiCr or NiFeCr, optionally an intermediate
film of Ru, and a magnetic layer made of a 70Co-15Cr-15Pt alloy (an alloy composed of
70 atom % of Co, 15 atom % of Cr and 15 atom % of Pt, the same applying hereinafter)
or a 70Co-5Cr-15Pt-10Si0; alloy is available, for example.

The thickness of the magnetic recording layer is 3 nm or more and 20 nm or less,

preferably 5 nm or more and 15 nm or more. The magnetic recording layer has to be so
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20 For the magnetic recording |ayer for use in the

i n-pl ane nmagnetic recording nedium the stacked
wa@200goeasne conposed of a non-netallic C Mo undeCT/IRRPEN066697

and a ferromagnetic CoCrPrTa magnetic |ayer can be

adopted. For the magnetic recltding layer for use in

the vertical magnetic recording nedium the product

RERHL 1t by h SRR SeiB he o  o TR RS ind of the
M@EARAE allbp tPBE Bscdraniahd fhéied. stﬂx&breemgﬂsﬁbe sétfat glre optimum level

ortentation controlling film nmade of ,
bgcrusenit is geauired 40 Excead a|cmt@n iﬂé’di latOéderfw amlmfe aRwrtamridved of output

ARG Hes shAE o oRSERhuidh, WERES Hl sl byl govering e

reostdibg ant eeprédwingropérties &a ﬂegra@enﬂ m Ia&g)rli@fce 13 &fetcﬁtﬁut increases.
or a [0Co-5Cr-15Pt-10Si 2 _al]loy is available, for
exangpeerally, theamagnetik Fregrding laydrds forged s a thia daegby ghe sputtering
h&%s§ s 3 nmor nore and 20 nmor less, preferably 5
nmor nore and 15 nmor nore. The rmgneti c recording

| ayerThissntentibe foons/\Gh 268 &hatetid Geddtdihd R2MD 7hafie6ially separated

-10 f.orned .t hat it qﬁy acqque suf fi ci eJa}y head i np g
maENele THeArding geﬁkts e sV Fiegp! PRt ghis j ster, may, b performed
iffnddRd %ﬂgsehb‘&mt% WK RAmIiSrH6 thE ?nagh&tld'%%& gEr &t prlor to the
t he optlrrum evel because it Is required to exceed
formatiinnofl the giroteetiver filor layor émuhe eula‘aqcecrftthe magnetad reto;brdmg layer

Pt B donfe Rt Ryt FRERTTeiioadSiha

repr qdmha Praéane rﬂlhﬁﬁyé’f 8 ﬁi@t@ﬁﬂ@l esﬁch s RAHRHAROEE slfstances like
t he out put increases. Generall , the n&g\rfetl c

Gaghowr €n élwr@gzemawds cwbptlre(hlx@\)s carhonu pitridgy&rN)p yamasphous carbon and
t 1. Sarl

s?rlapéghe%mlag Slﬁﬁ, 4 d anganglﬁlgttillaga { géﬂ'@algﬁ ela dt%r protective film

layegs ateua@anﬂmb@rﬁhmotemwmnalaglemswbe foirgedibf ad drehoie. layers.

Thi s erforned i mredi ately su equ nt.

o ¢ herBickitss G BT ProfRet eBHe e B Ech rm Pijiop. s s because

thE EkeSs U{‘&eﬁﬁ MR hAurfiul r?ﬁ h§asPoAhe o éﬁ%e er{V%elnat}ﬁ@ 'head and the

on the surface f the magnetic recor | ayer

fp@n‘Ctic teeyer mdolsemmcqucsludmeoffsoﬁ'mnt anermftytoﬁmpmaglgeah Generally,

EBBHAE BN st By e S ol iR E methoa

car bam if ﬁ)efersmsrt@q&mbﬁdh@ prove ) lay&Gad mﬁcmﬂ la &. As the
(CN), anorphous carbon and 15 silicon carbide

lepricant foryese ianthe 'ﬂqulcatlh&tlamr,eﬂlgﬁmefbasqdylume@t& drydrocarbon-based
lgf)r%a‘ﬁrtén\éem{ftdrg%t}le?é()‘?%ge d%ﬁ lf\%g'déar%g]aﬁy etﬂh gu 1l g{lg%Laé/\ére is formed
mlalthkklmSoDi td mamprot ective filmlayer nust be 10 nm

or IeN his is_ because
ow, the step of forming magnetically separated magnetic recording tracks and

servo signal patterns on the magnetic recording layer of this invention will be specifically
described. While this step may be carried out immediately after the step for forming the
magnetic recording layer, it may be carried out after the formation of the protective film
layer on the surface of the magnetic recording medium. What follows is the step of

inserting the step of providing the magnetic recording medium with magnetically
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the thickness exceeding 10 nmunduly adds to the
di stance between the head and the nmagnetic |ayer and

wWee@senieso acqui sition of sufficient intensity BPET/IROUI066697

signal. Cenerally, 20 the protective filmlayer is
formed by the sputtering methldd or the CVD nethod. It
is preferable to formon the protectlve filmlayer a

ubricating.layer..As th | ubri cant, f use in the
selirlef aafibicayaoiditd fiatks, andosedor HirAlcagtieens SubseGuent to the
fometRMAT Qﬁ&‘pr@&%ﬁ@e filny! ﬁ?éﬁ@lﬂ‘}é @Rt B thehfshetiB %c%ﬁfmé‘fa?er

avai |l able. CGenerally, fhe lubricating layer is forned
in a s GIP(W@@QH dorms the magneticorechuling dayer of elQC@FSCr-lSPt 10Si0;

|1y ar a ngtic reg n
2{182% pﬁgpe erev %yegl éf?g'l%"ﬁ a:l’fngrrea&g' e,niagneti %fﬁ'l‘ ngarated magnetic
reestdingi th@ks ay@se®b sighiab phtterfd hieOforited lonhiBle SPEEdel dfCahk! protective
described, Wile this step may be carried out

laygieby aapelyynafrp%fit tth dhes tsuffageo |an¢ ofubiesting Hhe qeaigdesyrface to the
& may be carried out after the
@1%?0%’1%“ ?Lqu fotective film layer on the surface

of t hlélusmg'amiomlsrohamménn@ b gartially \Mbertasing ihe\lﬂilckliesﬁ bEthe resist
he step. of providing th

Rl JRatRtng L STIRS SF JRTh it Rt heshY paue the atoms to be
;%pt%oi%ﬁ@i'eg i g{i&gﬁ@gﬂtg(sfé?gﬁthrmfg}l #ePadrabfdo nFJsfsP having a

recording tra Servo’ si atterns su se ue
deorensed thicknesat Asra result, hie spmfateof theemefgnlem feayelnngmedhbm exposed

surface of the. magneti,c recor
PRI vhPris Trsci gnd Brevetted Soa Hgng eibed Ty the radiated atoms
afid Gee faeFact RPreventeld Fom BLihMamBskd HahR iffuRfidd 3Fab AYME chamber.
of carbon. Thereafter, the magnetical |y separated
magndiheanetbod fos pagially deeraasing thadhilkness o thg megiist pat:ommslated by
d o he tecti
tg%p g%féﬁr%% §s|3$ cﬁ% rl?ig (fzs r<91 l(Jlbjmé Ctt{? rﬂj%%cﬁ the}/eof with a

coaedvectoavéx pateeri and bﬁssmg‘lﬂiecdtarh]b’l ag4infiRhe sir€eb vf ehecapplied resist,
This inv t,iogjls characterized by p artlall¥ .
tB%fE‘PBé‘é%‘}S?f‘g“{‘& eIONERQFOBVE PatieEn totle syrfacg off the resist. For example,

dﬂ’ef ﬁ)‘é'l@hidr}gm&h? a feﬁqg @neosfurfﬁ&gofr tﬁ? Bﬁ)ttec\ﬁ'n% tﬁllrfltaﬁﬁr'szfor a applied

her eby causing the atons to part I nj ect
remms ahewedhtmdiyi thel cwyleavot-ctunaevg pattére cpobe nmnsfexméd tohthe surface of

esi s, havin creased, thi cknes uIt t he

(b b Bttt Pt Povide ondha g hise irssala b cofgo-convex
paftérn’ adindt 86 saHRESof the RENLWG IsBffacor Meq¥gat af the 848 of optically
bei ng etched by the radiated atons and the surface is

transfoeingean mhmg betteng by ghmgémamphmhthvgraplen tashwifjugyargl thereafter

41 ﬁne OEn es ?nqu%gﬁFpeaE Py g@ﬂ{j é‘?ﬂlé: ggge%;}?osplfg% the etching

Hefbrs itl I8 \conipletdly Einighed apd am\emg rthé @tchled pATBS fHeGeésistad réMain in a
he surface thereof with a concavo-convex pattern and

'lné%‘!s‘ftﬁtﬁ maybedtsedp agai nst the surface of the applied
resi Sfpis invention partially decreases the thickness of the resist by the method

mentioned above. The thickness of the resin film is fixed by the energy of an ion beam,
for example, which is used for the injection of atoms. Specifically, the radiated atoms do
not reach the surface of the magnetic recording medium where the resist is thick but
reaches the surface of the magnetic recording medium where the resist is thin and causes

the portion to be demagnetized or endowed with amorphousness. Further, the surface of
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thereby transferring the concavo-convex pattern to the
surface of the resist. For exanple, after the liquid

w0 e®Bm2e6lEs applied to the surface of the prot erCT/oRR007/066697

filmand before the applied resist is allowed to dry,
the concavo-convex pattern cal? be transferred to the
surface of 20 the resist by preSS| ng the stanp -

rovi ded on the surface .th
B ipadstic diotsdiney HedBih 1geind: Wihethe, Mpmeemytt kegp the fatness
pretdtedBbmSBEid 2 88mBded! BiPtHeCBhS  Tol AN hif 8&RIiRSn, the resist in the
optl cally transferring an etching pattern by t t he

rqlﬁ peatiqn prefsrotoi have grthqghnqss irethamangeeofdifchm ibee 1 @Q(F nreand the resist

it e B8 B b BRRAGE P B BF D! 1o

.corrplmeion-cﬂagy(stneg M@xﬁh}bl@% ngditbethetredised part of

the resist. to remain ina 25 thinned state may be
used. InTthissinvention; vdien Fhe tatams {0 be esechfarstheien tbnarcktn@lmsque for

t I oV
Kool AEUsEd, By A€ RLH caldl b BRGRARD Yo e borween the
r@cordimg thehinand fthe sexarsignal patered) 1S this ﬁdleﬁﬁkbn, twilgen the atoms are
Bﬁkmatlon of atons. Speclflcallg, the radi ated atons

Ofta e HaghRUCSTFPPIAE et HBS ARIML AT Ioniredr w9 Ay to facilitate
?Mﬂbﬂ\’h?{ 8 ihfdfreli GRdtShe lichstdre G a Hdhe g’l@eﬁ\/\ﬁa‘f@ %IIE Nftey are bemg
surface of the magnetic recording Fed; Um wher o
ingesfiedintp shet thagnetin decodingdayert he port ion to be
demagpet i zed. . or . e dowed. wi,t h Pnnr usness. Furth

the suPf HE&EEgn Frs8 Yo 158 WA BESHY Part ppagnetically

s*ebﬁaﬁ@ﬂﬁtrhfgd'eﬁ@ Qédrdifig TREIsUAMd! the 3etvBtsBthalVphdferh arts by injecting

atons nust keep the flatness prevented from being

demndie theyalready iformeed meglfelmk:flayelr to l[demagnstide thie rmagnetec layer, with
[ ortign prefe hav

‘PE PR A b Sprrblt Sl ool G i e gmanufacturea.

Bﬁ?ﬂaelhg the didefeté iack Appd inIgngticcfROMIAD rﬂbﬂi&ﬁn &nanufactured by this
ckness in the range of ' 1 nmto 150 nm
Fﬂd dherebysippressing ther eaerciveaivptecanditae E?é@é}alf 1agnetigm to the utmost

rﬁﬁ ' 1§ﬁ rerMérJdEBo%mbfé\{S Rlitnffite N\'pﬁ'ﬂlgtd?ﬁmﬁ‘p{?@@bu%é Jﬁn%ﬁ@tﬂ: recording

e 1 on beam techni que, exa are us
anldegroade theru]negﬂead reairding realidrhevifiohigh arecal mo@rm&g] dexguty This is
racks and the servo si

BB IR ISEHOP (4F GO B1R 16, THoSTRR MO TS Ghn GrBEIng the magneic

lhy¥r@hto@Chdnh A refie nmtahd: cha ?R{g‘:{hé‘ Brys@liffe: stﬁlbt%r@&ﬂﬁ’é magnetlc
are ionized so as to facilitate 10 acceleration. It

lnysir eand ecgnsequentlyheavising the memgneticalapienutor laké magnetisat er it 1s endowed

Vi i Siendieio T bemh(uR el Bl (LSRR B Tt hgein below

for Mmg miifaeirinBghet discrgar tradapsd imainktic ©6MdMnat ndium as
t he_magnetic recording tracks and the servo signa

qeaeribedrabonp.t i ipymadsj passibifgto surpRessithe soetetveaforesaand the residual
lfl%rfeéﬁgn Vr\??ﬁ%éﬁn baekn R Iﬁ@éﬂgﬂ@ fhdidSo Y RmTBANGE an manufacture

the magnetic recording medium of high areal recording density.

Further, this invention is characterized by enabling the non-magnetic part
magnetically separating the magnetic recording tracks and the servo signal pattern parts
to be formed by injecting atoms homogenously in the direction of thickness of the

already formed magnetic layer to provid3 the magnetic layer with amorphousness.
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15 the result that the discrete track type magnetic
recording nediumw || be manufactured. By having the

waele@snaiced t rack type magnetic recordi ng nedi unPCT/JP2007/066697

manufactured by this nmethod, thereby suppressing the
coercive force and the resi dubd- magnetismto the

utnmost limt, it is rendered possible to eIim'nate
bl urr,bléeg durin the ourEe of rrag t| c.recordj
provi PYREession P e iding ¢ ?&?aﬁﬁe% 1t NP Sa?séalas used in

thRGAV&tRE réRRSlolthe cHdNge of $he29091?&§r'r'§r%eﬂllaﬁt of'h8 Thd gﬂal@fayer into

atoms into the magnetic layer results in changin
thedoran € irrdgalae atdnmt @rrangrorentiaghing longdistanceordendmore specifically

LT R AREATA D 5T, BBl L5 AR S s oy

drem@edrBWNeHh kififstafe dftatdnfic @RAKLMAENt I éxbmmfb@%%ﬁ@ﬁ%ltt@chmque
| ose magnetismas w |l be specifical I(g descCri b

the peakifepresening Ryerystalliffcfecaisineg rachgnigedsandeanty o halous teypgmzed by
tﬂ@g@ﬁg'd?fﬁfagﬁ&[ﬁl @%tr‘&ﬁ% M@, 25 described above, it

suppress the coercive force and

the rRg ihdvmg thedigeretel teacki thpé haghal RooldaigmmediutdManufactured by
tHﬁgn‘%&i Jacks to the utnost limt and manufacture

j§en %ﬁié‘! eonsRRUSRY FpPFREEING thoFosktiyhforpeand the cesidiiahgagnetism
ifl ecﬂg'r&%on ldfvhddfi"the mﬁﬁeﬁ@i’rﬁws' t%nthle SuthB&" fi‘nﬁteﬁt' #%&flad®possible to
ena he non-ma art gnetica
eimpaatathlmgmg hhlrmgghetcourse elf (magrlegc trewr&mg amd firbeids ehes magnetic

tern arts 30 t formed by injectin
rﬁ?‘%ﬁ'@gﬁg igh ?rﬁa]trﬁ%’rglr“gziEP?"dn of %/hl chness gf
the Tak Eﬁﬁfb/tofb@ iffEded BENMR b bdadY f%'i:ht‘\i/\%lep 'rovedxd gIehgl this invention,

magneti c | ayer wi'th anor phousness 2008/ 02 o
Qf@abiwh@@t@wa at leastTine ebmmnes@leamd fromothe group comeisting of B,

t I es sed in IS
L T .
alléaaﬂ@&nﬂélhelﬁfselebled Mﬂﬂfelgioﬁ;ﬁ&@fmshﬁg @f Bt IpeSi, & ™, ®f and C or the

|rrefular atom c arrangenent | acking ‘rlls%dlstance
Brergept atriB%SéO%%lemﬁmcsslemd f'f%"l@tgif"@ chs pg Rf Si, In, Ge, Bi, Kr, Xe
0 I f
SOl AR A5 o R LA, L 0B} Ul e s

thd: an]wnoararsailgémdtm iJB- Aei‘mh neab1sy, allncaﬂml @tord‘silhas a small atomic

SEETTLINE o L0 RaK, LRSS 12 FLISLll L0 LRES o s

suRgves-ihalve ngofnrlﬁﬁ’&éeﬁﬁh@ﬁla&&i‘éttfééﬁs NWHeh @ bf RMitorkY are used for the
havi ng the discrete track type magnetic recording

ingedfiienn thebn addita theechepsive fdrce imthe oagiem Uetwmsélqueagdeyc tracks in
coH?%g nce r}grﬁg %ng? ﬁrr g)lfléglf%lgcgfc tgf \%@a%qtet{l]% @r E{Zg}#}eﬁu&e blurring during
theé aﬁﬂﬁ&)eirig whgten iMDetmdgdn8iid traélt pars. BydeonBasttbhe irj&tion of atoms
elimnate blurring during the course of nagnetic

qoBtegHAted Y Hiis pISTiaTe theriise iof dhse atoms fails taifieraagmetize the magnetic
14§ thfidhe AGphob SERTE IGIgENST tY-

This invention contemplates manufacturing a magnetic recording medium by
placing in the magnetic layer a magnetic pattern designed in conformity with the distance
between the tracks, removing the resist, reforming the protective layer on the exposed

surface and applying a lubricant thereto.
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The atons to be injected by the i on beam techni que,
for exanple, in this invention, are preferably the

wa@r@e®2io at | east one el enent sel ected from t PET/gr200I066697

consisting of B, 15 P, Si, F, NN H C 1In, Bi, Kr,
Ar, Xe, W As, Ge, M and Srr14rrore preferablythe
atorrB of at Ieast one el enent selected fromthe group

conS| of B P, Si, F,.N .H.and.C or .the atons. of
" s Hnion e VB ol BRPE Moy e Maghetc layer take
wéSdﬁ%Hm)e{cﬂl & haWBeerBiormbd on e magkbtidMayen Bgth?lbt thi
rgreferabl yrt hee Sel agr Pgr gttt3 or?ém W?gn t?]le atlorr% of prng s
poeadarey deds made nqs@blenwes:lmpbfy she ar@;caiSog%mamnfa@mreAamElaugment

PaBRRERY i SpRERUE o Spilodhe BeBRLY oMl il prosgotive fim

afie} € infudtioh € at@ENAId Biddg SHbus bR €ffect BF ¥ipiRSssing thEossibility of
regi on pbetween the magnetic tracks. Wien O or N atons

copRMRAIPndyFing ke cqumeéz,ftmaéﬁfacvmyf the dnagaetiqyecerdinganedium. This
1r1\9ern?18n aﬂo&lg1 the! 1ﬁ%&:€&1 ng%tWﬁ?Eb g&uﬂ&%ﬁ?%ﬁ&eé@e‘}f ﬁgthe "Yormation of the

consequence of Ion Oor oxidatlon

mmaﬂd: layer ayrepricand haueamariour off thg plotectige filhesodad & form in the
bei n |tt n in the magn etlctrakpart By contrast

pgnetie ‘?yﬁfé ¢ MER-MASNEHG MpieRirating, he pagnetic recording
tfd&k?ﬁﬁd tﬁgse,{,gglg%lepa@tfemtgme at ons fails to demagnetize

he nmagnetic [fayer or inpart anmorphousness to this
I ayerTheTh]estwmoéﬂnelatnms; ontheaspifBiclsy thenoh hednis mplemented by the

tl th ti .
FEJER campierialy avaPEchh Thabrighe b eatPt Mire ik Aipms into the
rhip@etié Biyanfor thdRirPERIvLiMBartingd alidrpHoaSiRYE ROthk Iﬂﬁe\Fa%§ péttion of the

reform ng the protective |layer on the exposed

csYst 4l and eashli pymmjedi atoisrtp @grd@stmlmgpéhgmogtmeously in the resultant

o 8%0%%%&9 nand, flﬁ?e or¢ ecgg%lﬁed otf)]h%{n-g:%sr?lzé p’V e(feﬁ 1 0f penetration of °

thegroaisi in tha\directiGik of thidtkness 6ff thermagneti raodihig Vet aiide depth of
has b.eeneéor med .on he magnetic | ayer. By

ado tin
RERFLEALiop Bt GERIRE IS | ily Serigen rpladys 3P ethFod@ﬂhrﬂ psnegrﬁtéon by the
roductivity in
REQGSHG %uag%wﬁgevw irfipIaf %@éﬂ%@é P y

consequence of Patin ecessity of forming the
pr ot dor itheesake lofifdrmaig the nattemlsnbsequemamo tife @pbcmloamﬂ the resist, the

t he ,effect of su essi.ng the si bi '
SBPet et tpeliE 46 e e Aol st 406 Aeraieed Herein with
lﬂ%ﬁpﬂé@ﬂlﬂ@hé BescAB GhdVe, WRH ithdesdil tiat tHeAoRBAVRELIREX ?H‘@em in the
e injection of atons to occur either subsequent

fore of trackestis dermst anhibe resisy wmfacc lmytds case, pidesprvasciue mtentlon that
Jnﬁﬁl&as%rlogg lp?éss&rg? Jl)litg ef:o&% khrg c%%gavsﬁé)élﬁtec{f(iﬁ%ﬁs&;t o '&h extreme

ayer t e non

c&e@aseabﬁ‘ g ﬁhhﬁn%gtﬁéthbcﬁ fneCQ‘héi uBg of Ik boRAKS cam@xtgattern that is
servo signal pattern parts. The injection of the

farnesdksby efching ysing e thermogtting eesingy ajd¥riefting; ragin ampasmisgible for the
e M}ﬁ'ecautlon.

As the stamper to be used for the process mentioned above, the stamper that has a
very fine track pattern formed on a metal plate, for example, using a method, such as
electron beam drawing, is available. The material used herein is required to possess

hardness and durability capable of withstanding the process. While Ni is usable, for

. example, any other material may be used instead so long as it is capable of fulfilling the
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use of a comercially available ion inplanter. This
invention injects the atons into the nmagnetic |ayer

wo enshe1pur pose of inparting anor phousness t oPCTI&P2007/066697

rel evant portion of the crystal and enabling the
i njected atoms to be distribut®ed honpgeneously in the
resultant 15 anorphous portion and, therefore, is

U|redt e t he depth of. ration, of

s oo SRS S e e ST SRy BRBA Pl by eh 3 burst pattern,
gfage@w ;ﬁné@oaacbreanmé?e&eme foeRidbedfdes BRNPAKS th#® Ardfecording
atons is fitly decided relative to the depth of
péinenyrdatd on by the acceleration vol tage of the ion
i mpl th n
pat oo e (Ea6h, UF FioViRL e dE5iB2 R, ot G Plebrtall agd par of the

proeective(filai aepanoved winganedng, Qich as dpdettiiing headive fl(ﬂﬁaclﬂhg or ion
the applied resist and degressed therein with g
Billings u A8 2akesele O thin digatansal dhe wagetichiayprelaying fqtalp fthge magnetic

;949@19'1& re%ﬂn%rﬁix PQ&‘F&@M& %técﬂ@e 1{113%'} rﬁrgfleﬁrl?e(flhﬁ | By selecting the
fornmed on the fesist surface hi's ‘case,

abaditions ¢t maebatide powible hﬁéffectmﬂulblytestmowg uprteﬂsmpreteetive layer
E§UIt i.n total Ios? of the gconc art of the

and Joaye Behind fheanianeiic laygkbavines Brued f RENGThNtess of ¢ he

i1 mEothfe Ysifhafibn FGHE Qaﬁlﬁbfﬂen@ n%?é?sxopﬂ{et ﬁﬁgnélh%cdraln%%edlum

formed by etching using a ther ettin In or

e¥centiogt the pprotective fikm deymn ¥ sit b$ elllbwablehe useameansf such as the RF

Phfe R g G BT e R (RETe Fongl uffa s Hi-forming
techniqeepat tern formed on a netal plate, for exanple,

using a nmethod, such as electron beamdrawing, is
avai [EBithe fomn@ﬂqueth@ arotessiug filradasien, gegerally ther methpd for forming a

Wgﬁf]sﬁ%zn% ng ﬁ@agﬁg@%@gg nglil Ha“% iff geﬁgéﬁfsg is ?dolpted though not

rexessyile, any other mat eri al nmay be used instead so

| ong .as apabl f fulfilling the WD 2008/ 026610
PCT/ J oO’?P %‘HB gS%ur‘Bﬁ%’@“ﬁeWBﬂ% éwﬁv@ge@ﬁatt% device

OhiBited BENNQ lﬁwg%h iRl St iSHRS 25 Ty &%.%mtg,%t&dmg and
grey cord pattern and preanble pattern, are rne
Ibgmemasntdwwterefcﬂss tieentian ecompeisesd thegmagneficneecyrdigg medium 30
M.t he Si.on repovi ng,.t he resist,.the

R 8% uRentln RIR Yechfhibg S EBeterating Fareh Sigfim 29 resulting
ﬂcﬁﬂ‘é&ﬁ)ﬁmﬂ@ dthedRA8riving ‘i)ﬁrtalsl faF Mnﬁhg rﬂhe!"ﬁlfedl’hﬁf’lﬁ(i in/@e id¥ction of
etching or ion mlling. As a resul hi s
reeqsdingehmagnetic head ot ¢ampasyd of nawcnrgmg maﬁe@dtaq@generatmg part, a

&rdﬁ(zfng ep:ﬁ?ta‘fz{x ef’Be c&ﬁ‘s gﬂ: ﬁﬂg Bea%f %‘é qgconlg%%& ' Y&tive to the

ayer ng t trons

rhignery résrding angdicmi m eartdoaafeécﬁﬂingcamp tégbﬁerateﬁg)‘s@naluprocessing
to the protective l.ayer and |eave behind the magnetic
rﬂgmtwég 2 sigpaldn tbgmagp?pq haad @¢/ and regenerating the output signal

from the magnetic head 27. This combination enables configuration of a magnetic

recording device having high recording density. Owing to the fact that the recording
tracks of the magnetic recording medium are in a magpetically discrete form, unlike the
conventional technique adapted to cope with the exclusion of the influence of the
magnetic transition region of the track edge part by giving to the regenerating head part a

narrower width than the recording head, this invention allows both these parts to operate
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10 For the formation of the conponent |ayers of the
magneti ¢ recordi ng nedi um excepting the protective

wo pdosmotayer 3, it is allowable to use neans, SPCHIR2S07/066697

the RF sputtering nethod and the DC sputtering nethod
that are generally used as filfmforning techniques.
For the formation of the protectlve filmlayer,

ra t ho r form 15 fil musin :
BHRRERrIsr iR SuPTsRly e see ridH. Tand reus 7 Baptiftsft possivle to
ayaire & sefieRherbgertdhfdAbulRt and §GRASSNR] Y. The
configuration of the magnetic recordi ng and
rege n%y having th¢aoganeratipg paw Wﬁﬂm re@gnl@yc headsformedof 4 GIVR :bead or a

UL e BesBle F oG TR o v

reagditigi denki®e iddiealize® diagmt&(}ee&dﬁfgrﬂ@id@ previlé@d wWithshigh recording
i nvention and a recordi ng and regenerating signal

depsityenWhon thecamauinhief buoyanaycfithis maggetic haaditugiven # smaler height in
f h t.

tpéelg% igéjof O%OaSq[nﬂé Y(#] gt@zf): egﬁgﬁ %g‘og’&l ﬁ&;-g%hﬁ?rgfoﬁ‘crﬁgc%?sgw%e possible
tpaIbtalmadiealce chEheif lagh ngtppa afd pvidecanhagheiticiragrdiag deviBe of large
for .causjn net d 27 to be poved rel ative

‘iasa%*wean%g%fﬁle@ ﬁf‘eawaﬁ% BEPCESHHE SirgUitc Bt iengpethod of
I?%gmhtﬁ?ﬁlg@lg@é? gﬂ:gainlgﬁégd&?{]&ﬁl rrz%ée}??&gh gglgﬂ% doRbi CPatlon it is made
posgjblectozaugmgntt the reagrding dsmsgmefurthérrm abitain mlwgﬁlsiRu thathsatisfactorily

7...This co i tio nablescof u . Of . . :
ook ek et Al Eery Fassdhol B Htap@isfhy B tinear recording
déasisy é)ébeec@MOOG ktbts/ine, ﬁﬁﬁﬂletrébﬂ'dlhg dehishty @k Ededd 100 Gélﬁﬂﬁfber square
of "the magnetic recor di ng nediumare in a nmagneticall
ig¢lscrete form unlike the conventional techni que
adaptslggiwt ﬁleg{qgs%nt}/\fnb&tfo?evgﬁlxﬁé Hggcggec? fsqﬁg]:nﬁzflil%fb l%eggyg ré}ference to
Painipléy agdva @nipardtive Exgepler &&hll@gtﬂéea@)@ﬂiblesawﬂl not limit this
.narrower width than the recording head, this invention
IBYSTEIRA I aBhSe¥ese parts to operate WO 2008/ 026610
PCT/ JP2007/ 066697 - 16 satisfactorily with
substantially the sane width. As a result, it is
Cempiratee Ipaswilble to acquire a sufficient

regengration output and a. hi SNR. . By i ng, t he
oo AT B be A a Tt STt fongn #0Y EgheEn praspyacuated
ineRidafde B 1.0MR10€2d, orl fess. S'Iﬂ@%%s@%%ﬁétf?ﬂt@ uEé?l R&til \Qas made of a
sufficient signal strength even at a hi record

etiallized glass materipl bavangrghgneamponentsoofdli 2@9\!‘}‘]1&@3 K,0, MggO-ons
t
B0 R e SE 8 BB g B o R it nd

hAiighterage sdrﬁleef(ﬁlgbﬁesﬁ)(kd) 005 mto 0.020 mthan has

been 80r mal, heretofore, it is made possible
n the glass substrate, a soft magnetic layer of FeCoB, an intermediate layer of

"Ru and a magnetic layer of 70Co-5Cr-15Pt-10SiO, alloy were stacked by the DC

sputtering method and a protective film layer of C and a fluorine-based lubricating film
were stacked by the P-CVD method, invariably in thin films sequentially in the order
mentioned. In thickness, the FeCoB soft magnetic layer measured 600 A, the Ru
intermediate layer 100 A, the magnetic layer 150 A and the C protecting film layer an

average of 4 nm. Thereafter, the magnetic layer was subjected to the die molding
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to obtain a device SNR of high output and provide a
magneti c recordi ng device of |large capacity and high

w0 edosabicho t y. When the signal processing circuPCT/irRoe@s6697
met hod of 10 maxi mum | i kel i hood decoding is
additional ly incorporated inmk’e conbination, it is
made possible to augnent the recording denS|ty
further and ofltain the SNR that satisfactorjl .
RIS KvRenasRet @t pag K scAesr oo Attty PG resist and a

donddilesdanP&h shapB @onfoRAR F tb 8 QkPHcRA pARAS LY fRHEE ‘?rgﬁle layer of the

1000 k bits/inch, and The recording density exceeds
regst. @ hlguthlsklms O§tma¢sest in theleonyex pamvvas hizO pmegd the thickness of the

I'IFsg)fltel?té ggoxilc\:nsve desgso&k‘ﬁg %grs té)n}%)e(\g%\évlpi%ed in the resist
lifer b thé ﬁﬁﬁodiﬁmblhrﬁqud/\ﬂ The mﬂntiohﬁbf tHe"ibﬁ behr ¢€dhhiquB, dubh as the
any sense. Conparative Exanple 1: 20 A vacuum chanber

amapnk gf amplagtagion apd tthey pecelesated ryoltEpes avere e rshpwnyipslable 1. The
¥@L&%@ kcnreégr\(igig d’ﬁ di¥m :l'laQ axstragtu? fsgl%lggatrzitg&s it FI@? The width

glass su frare’u ferein was na

qufshainhgmrd lgyensvas 100 @ &id thawidiy It 6£the avhanntic Rier was 100
Li 2Si 206, Al1203- K20, MyO- P205 and Sb203-ZnO and

Wasured 65 nmmin outside dianeter, 20 mmin inside
dianeter and 2 A in average surface roughness (Ra).

25 On the glass substrate, a soft nmagnetic |ayer of
Ba@plss la% i nternedi ate |ayer of Ru and a nagnetlc

| ayer, of 70Co-5Cr- 15Pt-.10Si Q2 al | re cked

o BEagREiT EEHIP BT Amanaguie, o, BIBRRS hiyupoedure of
CImparaid Bahlpho1 | NereRIREIOGURSi 5G4 Ji%héd hfd a ¥W6dc@vo-convex shape
stacked by the P-CVD nethod, invaria inthin filns

contpuming talanexpected-patterniwas formet undhe@pphed layer okreeist the resist was

B BeHFER o8 Pades VP BPEIaE YR ES TR, Syer 150

and tThe conditiohefor khitdoh ithplahtalier ware asaHEWAYETSle 4. NM
Thereafter, the nmagnetic | ayer was subjected to the
di e nidteasangitians x§08s dow BeAm pech 45 the7 A 0 implantation and the

adtdera ﬁ'\fbﬂﬁé@& e BQW& Ad@aﬁ)@etlg Te -gpeﬁo@aéf( ém)ﬁ@rﬁ. Also,

coate resis conca vVex
tho wbuditionsgfor alearagrotizings the mpagrietc namsanﬂotmermdmdmohdﬁ éor imparting

| ayer of the ,resist.. The thick of.the. resist in
ATIRPRAYANSE (Baibe MEEneHS(aYRn BHY b dciRmineolsadiance, by an X-ray
difffacBén mRasubén&R BF &Y Ble RS diBR1BR ARh irEmé&/r 0. Then,

Ar+ atonms were placed in the resist 5 [ayer by the ion
beamTheshmples ©f Examples iheh andcﬁmnmurau\redixmplbéa’mre evaluated for the

SRS AYSPoRD. i SREY, Blad IR SRR i

evaluation, a vertical recording head was used for recording and a TuMR head was used
for reading. The recording of a signal of 750 kKFC1 was tested for an SNR value and a
3T-squash. The results showed that the samples of Examples 1-3 were greatly improved
in RW properties, such as an SNR and a 3T-squash, as compared with the sample of
Comparative Example 1. This improvement may be explained by supposing that the
head exhibited stable buoyancy and allowed RW at a prescribed height of buoyancy and
that the magnetized state was completely eliminated from the region between the

magnetic tracks. The confirmation of the RW properties, such as the SNR and the 3T-
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produced magnetic recordi ng nedium had a structure as
illustrated in FIG 1. The wwdth Wof the nmagnetic

\NmammmmMME 100 nm and the width L of the non- nBQNER20€7/066697

| ayer was 100 nm 10 Exanples 1-3: A magnetic
recordi ng medi um was manuf actlfed by follow ng the
procedure of Conparative Exanple 1. Wen the SOG

resi st s appliged and cgoncavo- convex shape . )
o Ao CanfEiaDRe: Bt DA BRI RaE R 1 exbibited visuall
@BRiBE sepaBiioPbf fHeSddfdcent! (kS BF ind ndi@ﬁla%ﬂéicgga? and the magnetic

behi nd in the concave' part that”had a thfckness of
patteBB ofnthe hagnetindiari amd teonon-magrietia pamtp benforming rtovebe eshape of

B BB B e T R SR o 2P e magnr

lager Patiofticbapld SExam{Ié 1 BG tiksbR inplamdtidnbRely finceahy a

preparatory experiment. Also, the conditions for _

demaghbsequieny to hthemggmpletion | ofy dhe day fare elestiginagrgtic conversion
| 0] i S t he tic.layer

el B8 0 eSO RIIED £3 %0 CMRAIRY Wiains T¥firgpoeed or

suefaseraighndss by wingche IRMIN With filiea AMIO prodiaasd by Migital Instruments

he sanpl es of Exanples 1-3 and Conparative Exanple 1 )
&@P@ra@% the apengtic 1sHbstratsse prapaied gife dixamplssy bdsijapd Comparative

E)Wsp?&tl %{ fld @ P¥eﬂt’i§5]nlgta§nce§P ir&%}cﬁ\?% Imr?'gﬁhnlé g%r%]\ggﬁ%efstg% for surface

t eval uation, a ver reco
rfooghnesc@a)iimg fiehbofvidioVief he uth. wike othedseRngh avere 2561 k1236 tapping

The recordi.ng of .a sjgnal of 750 Cl S tested for
RO 3 RS9 DUSReR a6 d NEdERTE R ORGROVh e Table 1
Belv Saril Qimfés 6K EXRMPRes 1r-3 WBIbRed Rakidly 18R Q¥Ale rblighness as
RW properties, such as an SNR and a 3T-squash, as

eapaeadewithi the saneple aofp Compharatigy fpample Je Efaatpsuggdsting that the
LS. | venent e expl ai ned by supposi ng that
%ggnchﬁggaexW?ﬁt?@g%fabl e buoyancy and al | owed RW at

a preHrrsab@tes HEEFRInplE 1031 9P06ypaaeEve Bxantiié 1tW&e evaluated for the
qagneti zed state was conpletely elimnated fromthe,
glidsiayplapehe dheractasisticsa §he eyaluatiog oxas. camipd wnwith gedevisg made by

S 0L BB SR8 o A i g0 i o
Wintlidemhtadmaddiby Glidewsicenfoce The fresiktaopthesest wakre as siown in Table
N AR R R W ——
ABRREHe and hidH prapaty 6f hdaBBusP@BELi C part and the

non- magnetic part ‘conformng to the shape of pattern
of the resist forned in a concavo-convex shape were
produced in the magnetic Table 1

Ion-beam
Thickness of resist Ar-accelerated | SNR 3T- Ra Glide
concave part (nm) voltage (dB) | squash | (nm) | avalanche
/irradiation time (%)

Ex. 1 10 50 keV/600 sec | 12.1 822 0.32 5.5
Ex. 2 20 ' 50 keV/600 sec | 11.8 822 0.33 5.4
Ex. 3 50 50 keV/600 sec | 11.9 82.2 0.31 5.8
Comp.
Ex. 1 0 50 keV/600 sec | 10.3 72.1 10.0 13.4




5 layer part of the sanple of Exanple 1 by the ion

i npl antation by an ion beam Subsequent to the
waeevploaisidon of the test for el ectromagneti c cOPUVBEIRGING6697
characteristic, the sanples of Exanples 1-3 and
Conparative Exanple 1 were tebted for surface

roughness by using an AFM Wth the AIVIF produced by

.0l t.gl, | nstrunents Corporation, the magnetic
]?G%%?*ﬁéot@gcﬂ}‘@tﬁar ed in Exanples 1-3 and Conparative 10
Exanpiigs Inveffio aBowS provi§ibh idtal nABAAR! fefordBigOMmEdiNfh that secures

medi um were eval uated for surface” roughness (Ra) in a )
stabde dueyangy gifom hedd, 1exhipits arh eutstanding sability nefs seperating 56 magnetic

80 B ST T o SEF M PSR Sy e panems
dhdraxtels irothe prepeRly @F rétaidinUizh iréo%@diﬁ@ﬂ&%d?y Itl 400 SoAtitAR& greatly

roughness as conpared with the sanple of Conparative
e aagpleating pepdpefisttysbregesst it pgrmita pmithiag aldryiehjeg pyocess directed

; S : -3 a
SR MRV DR T et fidic 498 IR B ARl HUR FRock e heretotore
lelhiocencdilea verpcamplex ipsddedsre. The eval uation was carried
out with a device nade by Sony/ Tektroni x Cor poration
and mar ket ed under the product code of DS4100 using a
50% sl i der head nade by Aidewite Inc. The results of
the test were as shown in Table 20 1 below. It is
clear fromthe results that the sanples of Exanples
1-3 exhibited low glide aval anche and hi gh property
of head buoyancy. Table 1 1on-beam Thickness of
resist Ar-accelerated SNR 3T- Ra Aide concave part
(nm voltage (dB) squash (nm aval anche /irradiation
time Ex. 1 10 50 keV/ 600 sec 12.1 82.2 0.32 5.5 Ex. 2
20 50 keV/ 600 sec 11.8 82.2 0.33 5.4 Ex. 3 50 50
keV/ 600 sec 11.9 82.2 0.31 5.8 Conp. Ex. 1 0 50
keV/ 600 sec 10.3 72.1 10.0 13.4 WD 2008/ 026610
PCT/ JP2007/ 066697 -19- Industrial Applicability: This
invention allows provision of a magnetic recording
medi um t hat secures '



st abl e buoyancy of a head, exhibits an outstanding
ability of separating a magnetic recording pattern,
wabwn®2dsne | nfl uence of signal interference bepP@EERIOCTB6697

adj acent patterns 5 and excels in the property of

retaining high recording dengf-y. It also contributes
greatly to augnenting productivity because it permts
omtting a dry etching pro&%rected t owar d

renovi ng the magnetic | aye f the magnetic

| ayer - processing die heretofore held to entail a very

conpl ex procedure. WO 2008/ 026610 PCT/ JP2007/ 066697
=20 dLAI 8\ method fast henifFctyringam uagoeiie resgrdingrapdisim, ccomprising
thg&ggsd&ng medi um conprising the steps of depositing

a netic layer on at |east one of surfaces of a
NONMRIGPpENiting & hagidtiztigjer onAclehddjods bf AGfarbOSEa fstintdgattic/substrate;
in the nmagnetic | ayer, thereby demagnetizing parts:

Ay ng admtted the injected atons or .inparting

anor h : . etq ..
cepar AT Aok Pihfly ihdnt dhiliiic TRARC G Yemasnizige pars
hatingnadngitted ghe rinjectdéd satdrhe ostiapartilg ampiphooghese shesétot o form a
the at | east gnevsurface subsequent to the step of
pagnetGally Separped MagRS recardipg PattefBy ¢ al |y decr easi ng a

t hi ckiiRss i L radial face «f

the racran %he NG oF SAking IRCMS e 5T 08 oPpYHiE SR B at least
anp jserfadesnbssiuett ¢o thestap df depdsitingathe aetagoeticalnper, partiglydecreasing a

(Eies6OF 08 e nd o ing SRR B e TeuR Rl RGTeUiFiohY inducing
pAAROTifjebiord Of thé aitdd to WM Bighetib qagéreﬁu&@h B&?ihg@ok‘ythe resist

decreasing is acconplished by transterring to
degriepsgd én Hiickngss. r esi st a convexo- concave shape for ned

on a surface of a stanp. 3. A nethod for manufacturing

a magnetic recording nedium according to claim1,

wher @i n t e nsetle fop mapafaciudinka MhaghietizSiet§rding medium according to
c?Corm'plished by partially etching. the surface of the

2k Lywhegein ghe-gtei fof Ragliallyeiegreasingiis agromphiahadely wransferring to the

sLREQ! PRl LURVRES CE R 0IsHaBe £tk Bn'e suEL & Lkl
portions g?lgt%e rescls:strg%ec? eg%edgh{%n t%scl:lﬁlﬁess %éi;/eﬁa
thickness in a range of 1 nmto 150 nm 5. A nethod

for nuf act u% ng.a ma etic recording megi um di di
“accordi ng grethod™tor manuracturing a magnetic recording medium according to
claim 1, wherein the step for partially decreasing is acommplished by partially etching

the surface of the resist.

4. A method for manufacturing a magnetic recording medium according to
claim 1, wherein the portions of the resist decreased in thickness have a thickness in a

range of 1 nm to 150 nm.

5. A method for manufacturing a magnetic recording medium according to
claim 1, wherein the portions of the resist decreased in thickness have a width of 100 nm

or less and other portions of the resist have a width of 2000 nm or less.



claim1l1, wherein the portions of the resist decreased

in thickness have a width of 100 nm or |ess and ot her
w@ersionmsd of the resist have a width of 2000 nPEDIP2007/066697

| ess. WD 2008/ 026610 PCT/JP2007/ 066697 -21 6. A

met hod for manufacturing a nmedmetic recordi ng medi um

according to claim1l, further conprises the step of

form ‘a protective |layer on the magnetic,. | ayer. )
bot ort 1 ek o For dparcHy MEc Magnet iy fef aiting Medipmspecprding to
dISnPPPluktBEr &tRtise thePdteY 89?&?1‘1?11(% APftectiVe 14yeTRInBE nla@hetic layer

manuf acturi ng a magnetic recordi ng medi um-according to
befere thelstepwicapplying tesistamhatein thi eesist 5 appied hatogheprogactive layer.
| east one el enent selected fromthe group consisting

of B, P, Si, F, NN H C 1In, B, Kr, Ar, Xe, W As,

Ge, Mb andA ®iethéd foh m@iubeelrfngra MABKRClebddig Medium according to
magneti ¢ recordi ng medi um according to claim?7,

qhay bi wherpia the atesns; injested eage those oh 8k lsagfonerplerent seleglied from the
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| ayer has a thickness in a range of 3 to 20 nm 10. A

magnetic recordi and reproducti on device conprising
'n_cdhbi neh megthod ?%én%&?&rmg % BRERICH§CoRdine Mpdium actording to

IR, SR thelilorh i dBRNRLuREE G IE RY o g any  one of

aims 1 to 9; ving part ving the magnetic
recording nmediumin a recording direction; a nmagnetic

head conposed  of recordin art and a regeneratin ;
part S nonrh Teghad s manutactistiers magnelis teeerithe, Bediym, fhoording to
JERBINE tHerdi® BRI hdghetieRYEUEs adfidkneds [iEfAhEE BE3 8NP0 nm.

regenerating signal processing nmeans for inputting a
signal to the magnetic head and regenerating an

out pufy, S| 9« %lagﬁét%rpeég}ﬁin%gg %pirgdurc]:ﬁgxg device comprising in combination:
the magnetic recording medium manufactured by the method according to any
one of claims 1 to 9;
a driving part for driving the magnetic recording medium in a recording direction;
a magnetic head composed of a recording part and a regenerating part;
means to move the magnetic head relative to the magnetic recording medium; and
a recording and regenerating signal processing means for inputting a signal to the

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



