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WO 2007/ 091702PCT1JP20071052446 - 1 - DESCRI PTI ON

MAGNETI C RECORDI NG MEDI UM  METHOD FOR PRODUCTI ON
THEREOF AND MAGNETI C RECORDI NG AND REPRODUCI NG DEVICE
5 Cross Reference to Rel ated Applications:

HOADERET%n is an applicatiOn filed under 35 PGTS‘P@W“S““
111(a) claimng the benefit pursuant to 35 U S. C

119(e) (1) of the filing datesl-of Provisiona
Application No. 60/773,338 filed February 15, 2006 and
Japanese Patent Appli catpBsSRIXTIOR0V06- 03218 filed 10
February 10, 2006, No. 2006-036957 filed February 14,
2006, No. 2006-061493 filed March 7, 2006 and No.
Wﬁ@ﬁéﬁb GAEDIUMEMEASRSD PORPRODUCTICS THEREDF AND

(b). Technical Field: ThIS invention

MAGNEEIG REGORBENGIAND REPBORUVINGHEYAEor use as in a
hard di sk 15 drive, a nethod for the production
thereof, and a magnetic recordi ng and reproduci ng
Omss RefereBeciofsbatertiApplicatians: r ecent years, as nmagnetic
recor evi ces [ the benefit
{1 oxi DHBTRAR i o BHE SR SEREUERL! 5 GieiC o1l Pty
pUrBERAG @b 3 5eXRod @dlg(h)ﬂ)r oft ﬂmgﬁlsng)fdaius ioff | Rrgvisineal gApplisgtion No.

IQQT{Z&S,’; %}nﬁlgg I?tﬁg%z f@% g.récl; \é?elwge 'Apgﬁéaggng IQW()@6—03218 filed

Qéﬁn‘!ﬁ? 100 2066, 6. nzcmemsbys'z ﬁnﬂmmmm 14,2206 Nug 2006-061493 filed
ns

Pt S b R B EEA 10

SI nce the i nt roductl on of the Magnet-Resistive (MR
head and the Partial Response 25 Maxi mum Li kel i hood
Termice! Figdhni que. Owing to the further introduction of
the G'[l‘ th\}\%ﬂ&ﬂ'elﬁgsstosi kEndticYRlordie@ ehediith Fdreuse as in a hard disk
Tunnel 1 ng neto Resistive (Tg/;% head i n recgnt d
yeive. nteﬂvedu v theaprednation shareafy PR 2 JpRBRetic, FSOTnS, pf feproducing
% per year. These magnetic recording nedia are :
berng urged to attain a still higher recording density
in future and their magnetic recording |ayers to
%?gr}g%‘{}éaddl tion to coercive force, Signal to Noise
8 NR) and resolution. Recent years have be
Wi t nedsirewgnteféaos, tas masuenarrecob@n& dlevises isHeleds VRagRetih héisk drives,
t .of .enhanci.n 0 nees of
Pl afve St b 450k, DO Ay GRpidHd A rang

tuffificyt z{natgmné& litsmgmﬂamcweﬂﬂ‘orts hA® been dlrected toward enabling the magnetic

2007/,0917Q2PCT/. AP2007/,05244
‘é{lg aefia vsed i, Jheie JEdso 6‘?%51%{“ e ygﬁﬁy fy ?rﬁ}ecordmg density.
rmarcbfaﬁy 1the itcfddke 111A§1rﬁ£138ret:6rdmk ddnmtglhay béen ﬁmhqrmmng in ardency

incre .ten ent 0 a n
e e rdsctitn A eht MERHERisYe WDl Tt e P esponse
rbﬁ%&ﬁlﬂﬁi&éhh@@ﬂ QEQML) tdcﬁtﬁ&ﬁe anﬂmgnd e fhgh&rhmroductlon of the Giant-

H&@gﬁ%ﬁé@u&g 2@ @t %{1% 'Elgmgﬂ%lg['a%@?qaﬁ g’h’vfﬁP Head in recent

R, gﬂ Rclede! ishidadflise bhe Reh i absmnI00s pbrh gear. These magnetic
recor

| revoeding g?ed%;?;ﬁlg@}?qeggﬁjof agiplg\ta qﬁgmﬁgﬁg}'eg g:\ ;’Ilélttysm 'fibure and their
' rﬂ§ nefc l‘e!&grd?gl%telafﬁé E@E&mﬁ ERrdli#iSn 45 BSdréive forée, lS’Egnal to Noise Ratio

ssar I ndi v dual recordi.ng hits on E .
r(ﬁgmétané Yeselotion Recentyratarhalye beasr Wisressing eforts thayage being continued
e R sSLP! u I4Bing to the surface
HEEIEE oBESStBie e Tnbs LCalhs B dhdlalRing o i
a&c@dmmdsmtblbg mc@&smgehertmcb dehsxtg apwelb further decrease
in size, however, they tend to entail such problens as
| essening the m ni mum vol une of magneti zation per bit
and i nduci ng-extinction of recorded data through the
magneti zati on reversal caused by thermal fluctuation.
Further, since the track pitch grows snmall, the
magneti ¢ recordi ng device 15 necessitates a tracking
servo nechani sm of extrenely high accuracy and, at the
same tine,
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general ly needs adoption of the nethod of executing

the recording in a large width and executing the
reproducing in a smaller width than during the

recording with a viewto elimnating the infl
p%%ﬂm?ﬁegﬁdjacent tracks to the full est possﬂ%ﬁﬂﬁﬁmwmu*m
extent. Notw thstanding that this nethod is capabl e of
suppressing the influence between the 20 adj acent

tracks to a mnimum it entails such problens as

" endgy 00, AU LhR0 kol Hidegrtndrati gty Bk reathed 110 KTPL

repro VSR I cu t and consequent | y. i ncurrin %Esa cansin
Als el tradkt g}emrhy seﬁuthen gﬂcaeag@s fif tengh o SHED prebleis, AY, causing
DJCO nﬁgﬁéﬁ@ﬁiy frécH?Jet!aihl gfjacefitd tracks and

l[l i L=}

deCon T&UI Si on o a sufficient
Tatidp the aﬁhgﬁétimﬂipn trmtwntrmwe int 1|hg bpfdgdme degian {:oycqﬁﬁtg a noise

form ng | rre i t
B L L

BRRARE AlilnR@drRdlyrkhls ih keverit thedittertor tdks i s now under

way. This technj.que w tRn ®hat th

LT R EaRbn stk ShitEre, g RarrE ety Rt B i HeBahRY Guat the
ngwt}fu@ﬁiée&amgmn& loh $he rRediRtigreeording| mmm e& dormed in as minute a size

iscrete track nmedi unt herein belo e

o possiblerpuck prabledt fo,88CU57pR) ]trﬁf% s&“ﬁ"ﬁﬁw rgtg%r 8’% fighéfic fim

Lﬁ&'ﬂé’@ag @rhnés?olé OASR{ r&ddrding |l§iﬁlfaﬂmtdleﬁeasd hlsmzﬁaﬂnewever they tend
est owed he surface thereof with, i rr e %I artlzatl nger bit and

(et ma:handblema 1B degsaningaibe mipEugh yelipg ¢ :

1RSUEL 168 MAerietigtioh rmtshleaausetdag therma
R h’g‘\l/\‘{ncﬁé(‘%ﬁe&g’d %?ﬁi;;(anpl B A 2004 164692) . -
WA/ 091702PCT/ JP2007/ 052446 - 3 - Thi s

magneg&rghe; € '9159' R Pﬁ&hh 3iows SREN OMRIRGEhaid ayerding device
fornme t he sur ace of a Substrate possessi

pbcessitniet ¥ tmtking seyumerhanisasof grtremely bi aa‘é}’é'a‘m?@ge‘t}ﬁh‘tﬁag'e time,
a soft nagnetic | t i fl@pe®ddth and -
ety SRAY sutigs B Rle PRROBF Qi b sk MTn hGEALh on
ERERREG ther eprukidting ine dimakieharsitlf ﬁlﬁnehﬂﬂiﬂﬁ thy eecetstnse%ﬁ a view to
rf'g ton 'ﬁ]ler%g]f_l?}}régg gtl fhe? ﬁg&% diRgs rtggth%nﬁlllest possible extent.

e rom € environnents. th -
Mﬁftﬁﬁdﬁﬂm@othh’htlﬁs methodtis capableopfisunpressig thy influepce between the

hel d that a h- densi t eti £
|a§glgﬁ.rﬁga%t%a iy, it en {a&ﬁs\% cl))?e%s géen?gﬂxgéeﬁ‘?ﬁdnélﬁ‘accgmsmon o
ttﬂ@B t%ﬁﬁopﬁe%wdhe&tﬁﬁdﬁﬁcwmwﬂe&dneequaiﬂy&mg ghiffficulty in securing a

i c layer can be suppressed results in preventing
tSH lci‘ﬁf PMBnce of thermal fluctuation from readil y

gp pe arAsn&xheaﬁézg@' toQtpB gwﬂrpthle rbbiah mfrtherh:al finetnitioneandeaccomplish
etween the a cent | gha
n@tmdttoil of Ry SR o1 & HEIRETH QY quiput, g a“%f“ B%“\%%‘%&a%%em‘w by
n%étﬁﬁjgxeﬁ USKE RN tradl@ 61’9 EKB Agfae rﬁfgthetneoordmg medium and
recorﬁl I um.consi_stin unber ok stacked . = This
eronqertiysphysically sromes RIERY 6 SACn, trrcks B oy ider way.
TR &y ' Sl E&%;P@ s ¥raRbfokad ﬁl@:ﬁéd”yaﬁnth‘ehﬁagnetlc recording
S substr

ate or subsequent to fo é’ﬁg k medi
|mmgm|tm uppnﬁmedéayahss sechmisiye willl be efgyred t°13§ 5 gliggipte ek medium”
e.f%rnatlon of a track (refer, for exanple, to JP-A
%0 P¥8%93 and JP- A 2004- 17879% The former net hod
of t en gabxteed:amptmﬁnm discrétayreck pediemsa Magnetig secording medigm that is
d| sadyant age | uf f.e I lar patterns
e e A e e ey
gmbﬁaxsleqozesptdqﬁ@é iphgsidallp sppavateds magﬁetpmwdmgdmc&sanneqem signal

o iR i e TSI b SR SR AT 8 B8 1 or mat i on

of the 20 nmedium The latter nethod often call ed an
enboss processing type, though not inducing r eady
contam nation during the course of production, is at a
di sadvantage in disabling stabilization of the posture
and the height of floatation of the recording and
reprodu0|ng head adapted to execute recordlng and

.
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- 4 - inprinting nmethod utilized as for

sem conduct ors, subsequently dry-etching the part

fated to forma nonnmagnetic part, thereafter enbeddi ng

Si 02 or a carbon-based nonmagnetic materi al,

YOI ME the resul tant surface to a pl anar PETHER007/052446
treatment, further coating the surface with a .
protecting filmlayer, and fogmng a lubricating |ayer
thereon. This magnetic 5 etching-type discrete track

medi uiic ARhdRab&Rdibd SrBiACRES: RfroRkAchic Tiyen faned dathe surface

only fornms a cause for contam natjon but also fails . to

pEal subsirate possessionrd aluealitnGeh dreguiajities QB the, Jhace thereof via a soft
i gﬁﬁﬂh G b8 sSack ¥ theSBRBthRetic layer.

é‘% aﬁ‘%i%‘ e dgu@t%&e&gﬁ?@n%ﬁ signals tchrough the@1 y_

Fhia dnazmetich escgtdirenmadjumhles rfemmdd:mnge convegedh &ggians heroaf| pagnetic

because t.he di st . e magnetic
ook B AT (AR SR el RN E
fil m Aegoeding eo cthissmbgmetic rétvedipg tmettiwrg) ityisi held Htbatt a digh-density

i s decided, by the height 'of flo '

FURBN G P R SRR R SIS Cu B Fp) Pikalife facy at e

aébugrlreflﬁgﬂf ﬂfagﬁé&ﬁp&alld-h}lvat et frlapndtiet flaper ofn besuppresied gesults in

sta retai ped, therefo copstitutes an inportant :

P%f‘é’?(“tg’ért?’? ence fthﬁ'all"’ﬁ)(reﬂﬂq@ﬁ?lh drom |y yraé’g"g?ﬁ]ign%nd allowing

@ﬁﬁ%ﬁ&hﬁh&:ﬁ@ﬁ&hﬁ%@&ﬁ ardmeﬂtrstfgﬁam.]p?t : h:e_ i rregul ar

pattern i s capable of allow ng the floatation, of.the

head The digerefe tieelampthod & IPHaMT UHERS hf %fﬁ%ﬁgﬂ%a’g‘cf‘ Ef’fms a track

ME%I f‘lﬁtﬁ?mgﬁg £ 8RN rdcBrdidom SBEA bhsistind bEE nékdber of stacked thin
e, an

pOSS mor edover preventing nutual interferenc

Sims wnghmmsthoh which farmee tin-flin gegactic rprpgdiag megum cither directly on
%C%ﬁagéjgf 4 8l 3}9?,?]' gﬁl?ig(g.\%n{jﬂo%ﬁﬁhg ikl paRsthdBh b Eth-film layer

ent S scarce of causing contam nati on

deady rfgr thecfonmationeofct trpskotrefet ifon cxample ianPed 208143193 nd JP-A
9.503—1‘?3%7@3)_ SHid %ﬁgerolﬁetgocl- QRPOLANE of QherRiiO el Mdcdsing type, is at a -
magnet1 ¢ fecording mediumthat elimnhates the 20

disedcntge in iiiiingr the medafm te tbe aeadilyr ¢ontpmingted: dupingethgfeourse of
weiting of ta | ' t . .
S PO oG 1 bt 5 6F pRRR R o FRB because i reies
nisgplsisical precassidg rog suidades & b ndrriet bithgubsesubmitodhe formation of the

difficu i,n cons enc f _an.inc in.re ' . .
i
rbadk T dongndiatio tdueing dbk cogse bpodustios, Bf atna disatvastage in disabling

SRk AR oS TR A By R 58 i

2Rl acpreadyl ekdigtent@pding Mndebioducihd avhilb @ibating, on the medium because
substantially i ncreasing, recor gal&g‘i; densi t

. and
doe eegulaShapt Ereish pb A UpTTaLas S OO RRRL R ice on the film to be
meQnat i zation in the regions scattered in the magnetic
recordi ng gattern part to an extremty. This invent
o

s ondbP embogsaredceRNEIPG TISjIod S PIATPHI™ Ebla ag FaBY aealization of a
ﬂa@%ﬁﬂﬁ&pﬁecmnﬁyiﬁgétg%oﬂﬂb@ GortRE1 SHMtHee Subsirat® ds foveraid with the

t
form I’_]g concaves an ] convexes subsequent to .
cregmpsiic daygr andniim pratestingyleer ond ds sopanetly wiedgioegpntinue the
oefxisie%g?%'e&gf e ARABSHIe cbYfkfedds conpared with the

convent i onal nmagnetic layer proceSS|n? procedure, to
provi din the witehbahdptheplissohte tracietypergrordingpngdiyne 8y theamagnetic layer

%8‘%’%%%%5 %@gﬁ%&ggﬁ}? ggbtﬁg&% éf ?fgg]ﬁl{lgﬁhg rﬁa(tjgnetic layer used for

apedrdiol @b ki sutfite affthé nubsicite gndcashsequentiyt ooming adnagnetic pattern and,
ghetic recordi di.um t hat nifests an_.e
TSRRNS CHRi b BGRB8, LB By il by e

Di scl osure of the Invention: 5The present invention
provi des as the first aspect thereof a nmethod for the
production of a magnetic recording nmedi um conpri sing
the steps of depositing a magnetic |ayer on at | east
one side of a nonmagnetic substrate and partially

i nmplanting atons into the magnetic layer to partially

-
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and rendering a relevant part of the magnetic |ayer
anor phous. In the fourth aspect of the invention that
i ncl udes the nethod of any one of the first 25 to
third aspects, the nagnetically separated ma
M EOYPHYP2pat tern conpri ses magnetic recor di %&Tﬂ?&@t«gﬁm
and servo signal patterns. In the fifth aspect of the
i nvention that includes the_gethod of any one of the
first to fourth aspects, the atons to be inplanted are
ﬂ ! bt)tmﬁ ctm art fated
tKrformAh no)(magﬁhhc/fpert, B@rﬁt:r M;beslmg §r102 Ph at‘-‘ﬁﬁmg‘ibﬂieﬂ “"“mag“e“c
he.i nvent .o theinieat, Ahef coating the
&‘ag’ ?%#?%@efﬁef‘gﬁamt rlll-%lour rbgin%ggtﬁ% t he gtorrs to &
SaFade kP brotcighills laper, Sid fMa nbxA@ting layer thereon, This magnetic

2007/ 091702PCT/ JP200Z/ 05244 t
ea@mtmfﬂ?srme FIRFCREOR PHRTCHA G pieoepy & roPRARH s not only

BFYs DERsOfor E&Qa:fuh hit&Ianth also fatlin toamtaewat surfarer
conprises t step of fon ro
on t Heensmlhethempgigis Ie"tfr’/FFH]?ﬁr 9‘&?\%‘5‘ g gm%g#"or e ){tﬁé enables
?'il gﬁgfthé Gﬁllpﬁﬁaﬁﬂd"& ﬁ'{'ﬁgﬁl@ﬂﬁeugﬁhﬁe me?isteﬁt heightening dle recording
rovides as the ej c er eq
m@neas @res heeasiey dhenisiiach TP gﬁ-ﬁlﬂgﬁr‘hﬂ“ a"'?%t‘?ﬁ%gaﬁ’e’{ decreases 1n
gﬁ‘r rﬁ&%ﬁ%lﬁhﬂ BY&' LEIBRES divd THe pit dbm;tmahetrack is
e onmag

etic Substrate and ato
ﬂeﬂ:rded by@d: herghbof fleatatien 96 the headsxpaning gn Hhe F%:q (8! dd & pro eXtmg film
ﬁ n%n Lpégu &F gﬂgw the BYiStion S@E AN fsQstdbly getained, therefore,

a magnetic recording pat

cogtitetes aa Inhvormp’aslafoe thepypke paceompbshing: 3 RiBh S50 ceputngpasity. Teis
ﬁtﬁree?%g }t'eqlgn \ﬁliﬁlﬁ{ t?g Ete%jfap Er[tteﬂ{ B \hfabk cﬁ'%ll&\bﬁg %Enﬂ(hltiﬁﬁﬁ @€the head

cordin merumco rlsrng

wﬁm@ﬂﬁtamndu bsbling the headOrp- appreximate Ay clpgdhio the n}aggeg,c layer as
ggfggfl %(1? mg%aget&%eﬁg&glg Jau Giuzﬁ Iuggfé?ér]\cte s ﬁHqs”&gﬂ?t@ taﬂﬁcent tracks.

anted I nt
mag neHbﬁetrea,yﬁtecmﬁqtmabt lpraddhmngr nrrhsgrm track mb@umﬁgﬁeﬂaés scarcely

| ayer, .thereby for non ¢

RS CSPIBE G BT (A RRgbie oLy SiAe Spables formaion of

t, Rt APABRENEktHi(Ie Iﬂi@radu&ldgmvmgnetg: 1€oor(idg zgedmm that eliminates the

(110) peak_stren of, a rel evant part o

henemenen pth) gpnﬁg} ]gg?rélruﬁtpg] cBYrss ﬁlp wr%mrgagf dét?if %r teltig rt]racks has

Eetﬂe/elg pro&e%%ﬁdate hThe present i n]\c/entr on furt her

provi des as the tenth aspect thereaf a 1et i .

r ecor dhisdntrstion it BSHAESHGEOY 814%5718?9%?’%@%{3?‘““%31 difficulty in
én&% by fnquatﬁs!%qtﬁ 'r&&ﬁlddrﬁ@ ;lﬁis:tjr Gﬁﬁ,:mddm eﬁmﬁfaltmg tltehﬂenomenon

nonmagnet | ¢ substrate and atons, par a

ioff bblﬂllﬁEOfriﬁtjﬁ duging thgg@qfsetqf rrﬁigpqt}cé ﬁ%igr:ﬁn? réntﬁﬁgdmg to the

%ﬁrg'gc%t ﬂegort@g %nmtérrbs{jiﬁﬁ Fggfef@nﬁgn RO R TB@Rdhg @nd adpraduaing property

cre tternrranetlcaly sggaraé‘%d cive
n;ptterh:hambefmg sré:stacthélarm@'eﬁm rﬁféﬁ@tesr ARgity, gndj §ing, HiEcoer

[gﬁts I:%Ye‘d g?eg{%eahl it Ji %%Z%H@Lmu e 1ons scaﬁé?e& M@'Mﬂ&i&recordmg

a at |n udes (Ignet th
r;ﬁerexmdpsmg tcrmntremermty arTynsonﬂemi‘ontlheenélplgﬁhtﬂ'ﬂﬂt‘ arlynlp depriving the

#@?‘Féﬁ&}'a& ”ﬁg@ﬁ 'Ifrlcl'gr? or qnd%agb pa%u ﬁﬁmaform%nﬁeconcaves and

t apbddel samBReht rafdepb@nngw ﬁragmmn layeabn mmbsjmsoﬁ hstep of removing

magnet i c, recordlng an
cihe yagpegsicd BB B %omnafr}:g wﬂgth%{:? e&bﬁ@gfta aﬁ@ﬁg&' L}QE‘% ifldPprocedure,
éfr@lﬁ@e 1 RIER0 B8 froddcta ithas ipliieOtht provessRe procmcﬁommtrceably and
present 1 nvention further provides as the

thirteenth aspect thereof a nagnetic recording and
reproduci ng devi ce conprising in conbination the
magnetic recording 30 nmedi um of any one of the eighth
to twel fth aspects, a driving part for driving the
magneti c recording mediumin a direction of recording,
a magnetic head consisting of a recording part and a
regeneratrng part, neans for noving the magnetic head

- o, . .y

.D
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enter a signal into the magnetic head and regenerate

an output signal fromthe magnetic head. This

invention, in a magnetic recordi ng nmedi umrequiring

formati on of a magnetic recording pattern subseguent

YO HRABETEi ng a magnetic layer on a nonmagneth/P2007/052446
substrate, 5 enables provision of a magnetic recording
medi um t hat ensures retentiog-of the stability of head

fl oatation, possesses an excellent ability to separate

a, paanet | i am@HBoA Snd UCHAENBNIG) gecoridghdedium
qan?%gnaggpeg%ﬁlg%sgﬁ? g?dr?t%gr%fe{eo?ﬁence Bg? ween ﬁf @gj acent
thattimifbstpan exselbonthead dloting propertyiagh Pravesiodiegetensi t y
property. It further contributes greatly to the
enhancenent of the productivity because it is capable
Disclogiré 6f theIovesticr y et ching step 10 ai med at renoving

a magnetic |layer of a etiG | r MNg-hMREd for the
g e PRoERSh  TT R e R SL asplcP Aaaf”d et _
5ro@uiied of & niaBNaic\recobding mydiommphipising dhesttens of flepositing a magnetic

roduction. Th gnheti c'recoy di . .
R
fﬁh&{&ti{: %ﬁ@f £ Wﬁﬂﬁﬂg{kﬂagndiig@ B@(fjrhagnbﬁcfe biyere therebytfoining gonmagnetic
the nmagneti c, recoraln nmedium of tnls |npyen :
pats and R avageficascoaipsPaern mpRRHCAlY SShAF "’H&‘ﬁm ‘2‘5 g?‘%‘i’f‘,%g"m parts.
mani f ek B¥GEbh BRtheRblitéasits el Apet thereafjmaiethod for the

recording pattern and avoi ds succunbing. to the "
prodiictionce’ @ fmaghejisatecording iy COmMBESIRE Jhe g g fspogiting a Co-

E%ar}éélg’%g él?a%gn%;?ccla Do RoMEst e sRleNFTa ARRMphetic substrate and partially

eatures and advantages of .t Pe [esent e Co:
implemtingamoms into thedimeontaining eagnetis layep & pafiplly wimagnetsg the Lo-
art fromthe. oL i 3 1 D whRekedW recording
il IR, ML Toling Rohibs B Gngyetorree

S. f
Berscon inpighetiealy segacaidlh byvehgeonREEticrpars a5 dpyednss Epr (PR or Co
i n he structur nefie i i dafBrmined by -
SRS B s pf e af PR b ERD SR detBronined by
MrﬁgdifﬁmisﬁfotMWlessof a magnetic recordi ng and
reproguci n evice o i S - i OR: 4F ' d for th
gr aph H%BTeg"t‘\ AL %@%@3‘%‘5&@%& 9&%@{1&88243)% Igé’% ﬁ‘é{)e%f%ﬂ%h" e
Recciich df¥emagnealy redordinganddivm comprisings g wiepe of depositigg a magnetic
inplantation of In atons ipto [ . .
st ot i B oS B b s o e
:;ﬁﬁgﬁ&liqd l‘gf;‘errts |paf.t|ﬁl:'ly bﬂ’m@grﬁﬁ@’ngé inmagnaicdeykrmienebyi farming nonmagaetic
am shed on at | east one side of. nan [ .
cas o e TesRpBGH e Pomreuly APRRMHA B fs gonmagnetc pans
58 Qérf&ie{i‘xggi Bkt part WPE SlaBnaic SyerBgomhbes. par t

magnet i cal | y separating a magnetic tecordi ttern
WO 2007 tedodntpriess: sbtisammenionRa: incydes the mpthpd Bany dnd of the firs

bcé hilPAspted e a&r@e@cahy @ afdiBENRklE recaMif pdaagbinpdses magnetic
advance  on 't he monmagnet’ic substrate. According to the
net¢drdids trackspnd seree signal pateRfgnet i ¢ recor di ng nedi um of

thi's igYemdiphped B ABAREGAMNARRS BRI hABoPofmRg BAS ofthe first o
I'ng pa

recor rn part, no step of physically lected
sfpah atsheugs, tthe atergnae ite mplantell e pamse oh 3% PR glefpent selecte

O SR Shif) 5t ATPah consisting of B, P, Si, F, N, H, C, In, Bi, Kr, Ar, Xe, W, As,
Ge, Mo and Sn.
In the sixth aspect of the invention that includes the method of any one of the first

to fourth aspects, the atoms to be implanted are Kr or Si atoms.
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5 is involved unlike a conventional nethod of

producti on. The term "magneti c recording,

pattern” as used in this invention enbraces the

so-cal |l ed patterned nedi a having magnetic re '

MR 208702y r ayed with definite regularity fo?p%g@kgb%mswm
bit, the nedia having magnetic recordi ng patterns

di sposed l'i ke tracks, and the@-servo signal patterns as

wel |l . 10The present invention applies the magnetically
sepa g%&eﬂﬁﬂgﬂgﬁé& 6f 1h8 GReAtiohGhaahdedes tiRamethodibBarlyyone of the first
advantageousl y* anong other patterns cited abov%}ftﬂ]ola%}eon the
o Ceixth | dspettsd fisther temprjase then iR tOf COFRIBE (4 PO HR

nﬁ%g@%} ﬁ'ggr?ﬂrﬂﬁg r@t?e{é iisgtfxﬁe%%%% 188 sfep B infpl Aitig iRy atéms i gnal

conveni ence of nmnufact ur E He
Thi s Thevgetenbinveitidn Methepprovides a8 the gelidy 3pert BTpAp FIPEne
reference.to a di.screte- . ef | 44 Qeposited on at
SR e oBRpG & pOrhigfi RofEAR% mRghdER diyeh posited on
iR SR S8CH 1O abnnighetit subsratef and attinsscyagtiadly tigplanied i thegnagnetic

recordin medi um of, this j.n ' . d
’tﬁé@dﬁaﬁﬁgnmacﬁ‘?‘?% q’%mﬁ%’ﬁ#l? iég%gi%%yyﬁ)r mhg et parts anc.a
fob, éti? 2dh fﬁs‘gepa@tﬁnﬂnd 1 BH0A tuyl Bdpam _tesllhyt sﬂlle mingmagnefiogerts.
magneti c | ayer and an internediate,] ay i .
ayor T pessenh s HUEIeE FR0Aee, 1 115, i) PRed BRUBEh shagnatc
rgg[ﬁ?%%eﬁll?éiﬁﬂ %ﬂrﬁ%?[]a fonnfpfetit {ibﬁti‘a‘t?‘,td Eg-cbftyiain_gsmmnc Jayer
Urt hér form ng on the uppernost surface r
feglositsinan: adenst paniide PLige PORTEHSHS S“%S“?‘%S?‘??‘ﬁ‘lég BE‘?%%% Qgplaﬂfed
ol Nfd %&gﬁ&icnﬁ et REpABAGS Hifithndfns iteymagretic agnethercby forming
fayer 0ssesSi ng B magneti c_pattern prefer wh & haYe‘?i by the
acmmugmetic papsrandvi (RIBIRHG RECRDNg, PRHEM eﬁ??é Yo Separated by :
nonrRangt | oW Fredi€gfengfling ol elewaat part 0
AR R AN e A
fihd thembtiphgeriab deterninedy the Xrraw diffagion 49 1’%(5’(5 % or less
with ihe obigch . ofi ek aRkem i@yl EiRRdoF ya. magnetic
Wﬁﬁé’% Inve tngg hRRL o?%e{:ﬂ? the tkir af@ of . magne

The n ubstrate i

0 be used for t_hks ited ;
irsboediag erediBY cdmprizing D fomsnaghetisoMhEER 2 WA ayeh deposited on

uch as.Al _all oy _substrat i i h eti
ek ot skfe of Dhe et sblfe ind g Budlo inglaninto the mag -
Qi Rppartiandanpbasie thelmagictissiayerchereby lsaing gragaguepparts and a

gl'ass _ceranjcs, silico i tani ' d renderi
\;'gqgngty.‘srep@rglg;g paﬁerpé;agﬁ%cal egaﬁa{é?‘r‘?g‘iﬁé AnEn@ftarts and rendering

r nonmagnetic
SHRRL AR AR of fhk BthgAdiRMEyer anomphowsl | oy substrate, a gl ass

substra:pe fornmed of SS ceram c. LLj - di edium
subst Aathe ql%"”g‘?‘éf@f’ta gEggon ?pﬁlg mg:{}lg ?satgé Hs gr f gg_eecor e i

r (%g? RRSSF &,g@;fhg{ toltBith a3HExt3, AR ST 260ITiR RO i9 8 Pergndicular
subsirate is mu or less, preferably 0.5 nmor |ess,
amaiznetie receidingrmatierdr ef erably 0.1 nmor |ess. Though the

magnety, Gnd &Vefih Rpb@ oPeneliRventien that inblidéd the inagueticaserding medium
t he nonmagneti c gubstrate 1 of such quali

t asS .
defanyi dnebf alsoeishth do glevenil gspeefs.ple Irepgic poring giegium has surface
R ”ﬁﬁoek&? HiEE e [gm! AL 20mnd _per pendi cul ar magnetic
r%og'gr ing f ' “ef er

ayer,” 1t prefers to be a perpendi cul ar .
magnet Tl preseat thvenfidnafygherfrspvideseashe Podesnty aSP%I%i‘e{?oﬁ ] magoetic
hi gh tecordin NSk Mok ee TR NG E&mbifARM0ihe Ombgiigtic recording
pF"’gP@f‘?f‘ 6%&?‘%‘?’“ da%?ceaéryngiﬁg having Co as 1%mati N o
C gBiaREsRany one of thbkizhtieigretlith aprestsr ifYNg Rirk fordgying e magnetic

in the in-plane netic.re i ' . .. £ di
o eshiing Ry o4 agasy § fEERRLE: Rl iBud LBksising of 8 recording
a i@ BAR S Rlehdratéighart, mdears fhameving Cheamagnsti¢ head splatyedPithe magnetic

CoCr Pt Ta magneti ¢ | ayer. The nmagnet.i | LRGN ted to
Faseories Fieaie 0 ERNGRE AP FRGORTE RIS YR ader

may utilize a stacked structure that consists of a

backi ng | ayer formed of a soft magnetic FeCo all oy

(FeCoB, FeCoSi B, FeCoZr, FeCoZrB, FeCoZrBCu or the

like), Ferri alloy (FeTaN, FeTaC or the like) or Co

alloy (CoTazZr, CoZrNB, CoB or the like), an 15

orientation controlling filmforned of Pt, Pd, N Cr,

"~ o~ o

N L R B 1
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of magnetic alloy to be used and the stacked
structure. The magnetic layer is required to possess a
filmthickness exceeding a certain degree with the
object of obtaining an output exceeding a prescribe
é‘é‘g?“@@"s’dlﬂll ng the course of regeneration On t%&"’gﬂ’@?&““
hand, the filmthickness nust be set at an optimum
because the various par aneters. that represent the 25
recording and reproduci ng property are generally
SB35tk Ry RECREABRE fedunh 1fechiontin bitpii s the magneto
? netic recording layer is formed as a
Helad.n fllmby the sputtering nmethod. The protecting
film s fo f seufrmgTodtatioh ef a magnettc
rna\gne"ltlﬁ1 '3%8?’0’“ &%g?gftgéﬁ%g 1'}ll:ég?ﬁn[t] he p?lgt ectin ggu rQ
Jeddt8ing pafi@h Qﬁbgeqlganf td depoam armeagbeticalayer an, @ gonyagnetic subsirate,
car bonaceous | ayers. o oAk BRaRility of
cpRkepovbhi THepRJe- ey P HEEEREaSEor s 2CT
A0 HodR1i6S fokseddes tancexkobllont aliliy t8i @mratgrazg@gnetlp Negprdipg patiern,

!gt:vogﬁes whi ¢l u?gr to. na]y‘gﬁ lil-\l;‘;g{;)f %fg%?l o n?er%ye%f':é %ka%en T]{Eead]acent pattern
pAERAE %Q%elé ﬁ)’aeﬁl§l~tx Ir}ec@i&l@&ﬁh?ﬁ?ﬁ%ﬁﬁ?ﬁ? m@m@ greaﬂ(y to the
gnhapeemenieof ggspr?pﬂglﬁ%gg gﬁ%psoemllg %?;gult) ?é%%therﬂ& Wehlng step

a¥da tihiganene N r@rbcmymg -typ¢ | magnetic
BB e

revent acqui sifion in
casbplirtg wédjwm that dis beretofire ben TEPH ’l"y&"’? 3¢ ‘f"%tpﬁcated step of

t hi céragss of the protecting filmlayer exceeds 10 nm

&y, the protecti ng filmlayer is
5 Spu'[heemrag@tmed@uﬁng)pn reprodyeing devierthat 1s 0 taﬂ?gbt& 3 Gnvention

RLOLESt gL Fobiiide2hii) RRAS Sechido MR Rlides| her iuagiciielgecording

ISESF ereon rete exanpl es of the fests an
|niélﬂﬁjnﬁ afmus hdv’enmcsl arsie dhefrefpret melswbrheeﬁﬁpﬂgla H;?B?TW manite

i nesbased | ubric sadids bing to the -
ST v b e i o
GEmened dﬂ&rgnfhll”iﬁtetfeldemedmtwwg tlt@ylmcent@att@am in a
t hi ckpness, of 1.t £ th ;

gﬁﬁ@ gsng other o J(?“Pecor engtnefegtﬁfég QHd fa@sFantages of the presen

pr odu ing mediumof this

I iAYRAbA Rl Wécbe RppAared thosatmljcddasber arbf;ramttét degorigtion to be given
reference to a_discrete- t B;’]S%Jecordl ng nmedi um
ahsreinbeloy wihgeft efPH%etﬁrﬂbet“E’g g hg a magnetic

recording nmediumis generally begun by cl eani ng and

drying a substrate This invention prefers to perform

t Brjief Depasiphipm g @ﬁ@@?"?ﬁ%g 15 prior to forming a

megnetiyg, | id oy @ndd Mwigahy iewpat of ofagastisurdonding medium of
fast adherence of the conponent |ayers. The substrate
dibisdnvestiomeed to restrict the size thereof. This

' nventﬁlgn 2118 ﬁ? @xyﬁﬁ(ator?@%ﬁﬁﬁo@vlﬁgaﬁﬁrsuﬂémﬁaﬁlﬁmmtw recording and
i nt er nedi at ayer of a maghetic layer of a
7&ﬁmd5@ngd@1®tof1bﬂnmﬂtwll oy and a protecting |ayer of

car bo 02§ ot Ob §110) peak in the X-ray
subst rhalgegq%gﬁg ??pel t&ea?%hag%éfs@&??)acg of 6 )p

D a0 Rtibh iconssgeence of 16 iwplantationwiiln awmsaap étmaﬁﬁﬁ“ﬁ layer.

made to form nmagnetically separated magnetic recording
tracks and servo signal patterns by the technique of

P Ineit dliddeFONOK: goutmet[thenm:ati ng of the resist. Wen

atons are inplanted i he res ; 1
usi ng Thf‘eprﬁﬁ‘tt %%\'m%? ﬁtﬁﬁi © ?Wg%eﬁgﬁp%p}dlﬁﬁéﬁgl?g&w? sg?%on at least
erable Jra S&Inﬁgnétﬁeswéts witht £ imagnétivglly e¢pacaded magaetic recording

magneti c recording tracks and t serv "
p @Sy, rfehercis nmomegrfstleeemmagﬁ%% BRer ﬂ%a%pglé?““tm‘”‘"ng pattern

track-type magnetic recording nmediumis produced by
causi ng a nonmagnetic part ainmed at nagnetically
separating the magnetic recording tracks and the servo
signal pattern parts to be forned by unmagneti zing a
magnetic |ayer deposited in advance by the
|nplantat|on of at ons |n the nagnetlc Iayer By

.
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WD 2007/ 091702PCT/ JP2007/ 052446 Al'so in the

present invention, a nonnagnetic part ained at

magnetical ly separating the magnetic recording tracks
and the servo signal pattern parts is formed b
WA atons into a Co- contai ni ng magnet iFET(TE3PRF/052446
deposited in advance, thereby [owering the Co (002) or
Co (110) peak strength of thegsmgnetic |ayer

determined by the X-ray diffraction 5to 1/2 or |ess.

Hl’? 1scﬁoé&gaby R@planGig 48R HRE Thelha@eh@i@m d@bstddtmtadsame on the

mai n peak in the perpendi cul ar gfn gﬂ andrte& cordin

BOIERC POBKER PR the MoHed TR BIOSREIRG i Bgngtic recording

LRk of Ut'ﬁ'? d\%ﬁfﬁﬂ?ﬂi &Q%lcﬁﬁ‘ya.sjé drituigfﬁnﬁgifeﬂ@f&bﬁiﬂgq:rattem part, no

magnet | ayer or exanp refers to a gyeak t

aep of physisally sep@@nqg)ﬂ@)maspwpm ing RatteiR af, QF stamping

f. ydlffractlon
B et P oot RRL b RSB D et
recor 'ﬁhen@mré diagmatic geeryding pattens ’t¢$dl$ed in thlssmmtgn embraces the so-
larit

RS o850 BTN 58 ARG st iy
Bt saele b1ttﬂhe i Baving magmhs recording paternsydispeged fike tracks, and the

consegmjnt | eI | nat e the phenonenon of blurring of

PEVP &18n4] ptt course of magnetic recordi ng and

per M Thel preyegv i:ﬁremtmoﬁp;mesragm enagnsuoanmraépngte&mmefrecordmg

'g%_esur f a\?gﬁltr q%%?f{tgég g dﬁg% hé%/c]ﬂ& w{;mg c‘ir% d ab?ve Ned BR so-called

%gfé%’é-t!yﬁ@halagneﬁe Pelordihd Breditd doRPHEhE gapeaiordionding trackssand servo
and thé servo signal pattern p%ts is formed by

isSigpRGHETRYINLLHFOL CHIVENISNGRRS ¥yer deposited in

advanggis ihRAHGPWIIBE spdiflchsy aBail i telowbetefasivent aldscrete-type
20The expression "maki ng the magnetic |ayer anorphous”
aepgnesicesardipg medivias#n eKaRlft i on refers to the
| mpar g’fd}' loﬂlu&f'até hd Erb&UeL@maBARUALSH dibtrétefpe magnetnc recording

| ong- di stance or er to the irrangenjent Qf at ons %
nmhmgﬁ@m igvéntipar A magnstc repriingfeediym 30 15 poniignisd by, fyrming on
ttfl}:',e ﬁfst %E ¢ ‘Qﬂto%gl e " 6dMe Al sbﬁ%ﬁn@dt&‘ﬁty&ﬁiﬂd' a{igmtermedlate
short o nmin neter are randoml y arranged. :
tliyer @as enaghetizolaferrrhaning himagoetist attom Rrmed Herean afb‘ﬁnmagneﬂzed
to t,he Jrfabd 4 RiBricati
g?,ye{ 8 Y St%'%n E(ﬁ%’? § accfﬁlcl)'%xﬁ fé’“@?éé’é‘? ]e%d&p?grtﬁitsgé show ricating
aﬂlmcdmﬁabﬁmmhilmtrptmk representing a crystal face but

|
L Sne A Yool SEAAR S Ml Pording. B B Slaliic tayer 3
Ysdssegsifdhd Sapmdrioqaiterntpréfers e tisvepomsgtistie pan wﬂdig M é 20ham or less

coercive for.ce a e nen

B PREDT G D bR ko Repk HBR L ¥y ¢ 1, thareore,
68X Qedppaskd/ tohél fitle st gRedikIa ekignteh it mﬁgeeofmouheoﬁhmnmﬂeﬂm rebject of
of _ bl urrlng of letter during the course of nagnetic

rhsighingdhesraordBB 4RSIy ovi sion of a mmgnetic recording

medi unpafy %ﬂe‘ﬁﬂ rshBfatd GO heivied Bsnhist ivvention mdynbd hey of such
present inven

ion, as the atons to be inpl ed, by .

rsoemggeaie Subﬁﬁrat?éawhrét Poalion Bibsiestin gang MAGMe: Sigy fexing Al es o
0 aﬁl@d]ﬁdsﬁichtlégaased lass,
oy TopofHee aig s 0917O2PCT?§%ﬁ2HO 7%‘% e Si ¢
Fglay, cerymics, silivon,Bitanim, capamiogeandyyarigys kils “oftyesi gjjuong other

[ ed of glass
* RafgBaic Susaes Bt 5, B ATAIG, Sl GRS 5‘%&5%?““;% e
oceeamic oD siticat aubstrateis putferoblf needh {The avpregepudeespughngsg (Ra) of the
of Si, In, G, Bi, Kr, Xe and W and nost preferably
Si or Kr atoms are used. Wien O or N atoms are used
for the inplantation as 5 described in the fourth
mentioned prior art reference, the inplantation only
brings an effect so snmall that the state of
magneti zation may inevitably persist in the regions
i nterveni ng between the magnetic tracks because the 0
or N atom has a small r adi us. V\hen the O or N atorrs

o . o o - D -
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i nvention does not need to limt the depth of

i npl antation particularly because the atons are

implanted into the magnetic |ayer with the object of

unmagneti zing the rel evant part of the magnetic | ayer.

THR20§EMH20f | npl antation of atoms is deci dedCdIP307/052446

proper tinme in connection with the depth to be

actual l'y reached by the inplagntation, depending on t he

5 accel erated vol tage generated by the ion inplanter.
rthef the for BOptefetably00.1 nm or

pubstraty i | Elgtorqgsso?m{éﬁaeiy?gg?é%&agﬁta%g%rﬁﬁgﬁ it is by;

Rk@ci ng a stanper in direct cont act with the

protecting film Syl .

or the"g ﬁ‘&?@'ﬁé@gﬁy e.g&o exer ?ﬁgﬁﬁ{ pr e%%%ﬁthgﬁ&magnem

bi8irsh 2P Sdchiduality e desyibed aide mmégo beheitheriat intjane magnetic

tracks are formed on the first s

FreoRlg R of ap@rencimet pgpeisfroliihe B, § bltdftpfh s perpendicular
Mo Srecoring PRy &t fverthb Spﬁrﬁo@é ref cheltizidgh bighsecorfling density.  This

thérnosetting re3|n n.or

Magndiis rgqoatiteﬁkﬁﬂfd?f?f@s G%E?ijfﬁ"‘{‘?é%ﬁi bas"é“g%gﬂ J“m%"mpc’“em

obt ai ﬁ‘ﬁ{nﬁgnehe fréeopan%laﬁ,e NRr LbRkhe Al-plafiimegnetic medmg medium,
pl ate or - exa he met hod, of el ectron.b

Fortenamplaphsy '@dwewétaclﬁ%ﬂmdvf%c%ﬂﬁtm ofie nofmpgnetic LoMgapder layer

1 BBl AP E AR RICHRES, ) ocose. l\FAhut fe N

for ef hemnhgpetmamcb@ms@mra@rtwg indhe ,piegqen ar Rllawhsfrecordmg

t I ft
g Py alied p B BR0cRR S *E;ﬁ“’é‘?ﬁ% v

Sﬂ@ﬁaicsﬁe%lﬂihy GE%BbEe@QS@,aEqC@Zn Fegoghh FeCofd rttléer ]H(e), FeTa

fﬂE}PY ?%@rgﬁg :11*1)]5%% I%ghh a{)ke') 3‘:(20 Wﬂﬁﬁ e&rﬂ.gl\ln%c gohgé}ct!ﬁﬁ like), an

rRishiation throfling Slin ﬁim’teﬂ eof Rty Pd,cbh@m NiBefrt orpthetlike, optlonally an

protectln 2 are re ved YotrratRelN] 60C0-15Cr- °
dpfermediatey g’ﬂ?f# g}{“f%raécfm%)l |on Aé%gﬁecnjor i on o2 60Co-15Cr
nisipl 4108 orhnocass:sqsmnmmfaubw s treatnent, the

rragnetlcl r ing a nm far
T oS it P DR AE SRS AR L' S g 20 b
tQd pRdt8aRly sEiMn SLIBES dndd St of EksaVHmtm:gnanh te::m'dmg layter peeds only

gg’g ég gfrsflfﬂlgg :agyéﬁ'oa;pgem ten lﬁ@ﬁ @Hﬁ@t@? l%ﬁ?nf"f{‘htg with the kind
{‘ﬁ%@b& Llﬁ%% bR @ddhdahe shbied rstrﬁame dte hﬁfgﬁetm a5 iFowquired to

e i ko 4G BTA T aAcsr S o g TR an oo
nextcﬁ%% Fl%ﬁéil;bg &kd8e BRidi0de %&Gsé bre¥nefuivh t €1 thg other hand, the

are popul arl’y used as nmeans to dt% %tl“h ¢t th
ciila thiviness envgbleshictat an optmmm tegause Hie vREPWLRATYEtETS thay, epresent the

PPt il Spery 6 BRIARY gl ooy Mermime

f mereesednpl e, is popularly enployed, 30 though not

excl usivel t #REHIR by the sputtering

recor %lﬁblﬂ?ep o ucﬁe%rﬁg' \}iig[:egmg{m%ﬂ}egg?nventi o% IS ?

sh@madl n FI G 2. The nmagnetic recording and

reprodyci ng devi gce of t in entdo eti ordin

ragnet 16 FRdiedii H15: e i oret on s fof RE 63 bdnetc recording
b Rt Gteﬂﬁf ptfil?QayeyProtecting film layer materials, such as carbonaceous

007/ 091702 P2007/ 052446 for .dni -
ni?d( prg f carbetn ﬂ)ftéggepg}ﬁ aqrbqrb rr?ébon 1'%88 Kéé‘]?? a&:ﬁghgus carbon,
Zzlhe&{ksérﬁﬁé (ECP& the [iRE Qhd SIS, BADL, FiNCbrahd lﬂ@eﬂﬁlﬁclaaneng popular use

part, head-driving part 28 for inp not i on

t e m@b&q i reipecterting filta layer pay bof Omﬁia ﬂ‘ff&ﬁg’f pore Sotnpofient layers.
recordi ng medium 30 and a recordi ng and regenerating

signal system 29 incorporating therein a recording and
regenerating signal 5 processing neans adapted to

enter a signal into the magnetic head 27 and

regenerate an output signal fromthe nmagnetic head 27.

The conblnatlon of these conponents enables

Y o, . o o
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The FeCoB soft magnetic layer had a filmthickness of
600 A, the Ru internediate | ayer 100 A, the magnetic
| ayer 150 A, and the C (carbon) protecting filmlayer
an average of 4 nmmrespectively. This sanple

was
BYQUEEIs an exanpl e of the product of enbd&dHF2007/052446

processi ng of Conparative Exanple 1. 20 Conparative
Exanpl e 2: A vacuum chagger in which an
HD-ori ented gl ass substrate was set was evacuated in

advange 49 Bk ARKHFe broleding AR AR SimlseBolessTinan §0 ams This is

subs Herel n he ‘mat eri al there ¢
taRe tK’eG:lis’Mﬂce beteatn ﬂméeMMagpmp_lazg wijdpe so large Ssto preven

Al 203- K20 AI 20
%Féﬁigllglpg t;' ﬂ\ll%rdtt sgg gés’\%%ﬁgc@eit Heh, s 20e 40 thickness of the

nmeter an O min.insid

%bé@@ﬁgﬁlnﬁﬁﬁerfbﬁseeam 1@l atgmemllry ftie protectinphfles 1Y frHS I OIQFS by the
t he_ gl E@@ub@ﬁ a soft magnetic |ayer of

spatbering methodhrd e yer of Ru, and a nagnetic

| ayerpf récezcﬁrgomma elSFitrcfh&S’mQﬁvai hubyicatingdaysr ferRed theyeon. As

the DO Sprtt d ]

noceiq @;&p&m St ebricp Rl s e B g et fa¥Rry Sine-based

WBFiEantd 1 J}ﬁon-t k@dcdiyrs, tabe nﬁ’rﬂ@é@ﬂﬁédi‘oday be cited. Generally,
I'n

sequenfl order nent j oned. The FeCoB soft

mgutstcamglay@nsﬁaaedarnfarﬂuﬁkwﬁ%f%ﬁ@éémbf 600 A, the Ru

Lt erRg J)‘tﬁ‘cxffor ufing tiRe ﬂetrécardnag/medﬂﬁmmmmenﬁon
protecting filmTayer an average of

i s span:lﬁaauel dpscribid belamt by referoRisctich FECTHRTYRS He qtié secording
forrred % fgga%netl c layer processing WO
OB EPES JP2007/ 052446 - 16 - treatnent. b b
SpeCI fihe @i’dcyss for pemucing of magrietie reording Megiupois gpoEly begun by
appl |ed coa t nﬁ%m!@é@rﬁ #nd drying
Shhring fnd G ohifife, ohid SLEAprAER 8

scCri tern, rrrsrnetlﬁlil Eth
|pfi¥Eto fbﬁmhﬁle mhgletﬁ\fﬂmrlaya' ﬁomée w@wpmgﬁoﬂyysqr@g fagtp grggee © the

in the v and ca S Glepas with
tcﬁ@p@,rgﬁng er&f gb %%oef H%t né@&ﬂe%éﬁt he mag n%rtgr“c | ayer
from visGhvdnkien hesi séft magaetic ﬂwer ‘ofiBeGniBa gu dermediate l¥er of Ru, 2

B rees ot TR AR G0 b4 pR s Fpdboonted

| Jth BRA burfieB ok i dubBtrAé. Tndredfie, it Ersgsuraceof b propeeting layer is

resul tant surface was Ianar| z
etoateil rwith zmglsts@ﬁm wade BT“& g@gn&?.ﬁgrsf]seepargﬁéﬂ 31; mgh%ﬂ: &&ﬁm‘ng tracks

G l1@chiqua eEptibtelithderaphy O tha ceatids Afthe resist.
CHASHRD Sl baRCHE RS e Bt qia SRS ﬁ‘ﬁ’?ﬁ

pthns atomscire fmplantedringo Wy rosliantes  wsigf (joh ﬁ%%‘“ method, for

%@.ln%ien Gnd Bt ¥l énﬁﬂ@d Qb pED tMY tparts tervaning detviden sthe magnetic
e’was produced as an exanple of the product of

mgmﬂinscrahm@dﬂmweﬁnh@aaﬁmeonpar ative Example 2.
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Si, F, N, H, C, In, Bi, Kr, Ar, Xe, W, As, Ge, Mo and Sn, more preferably any one or more
atoms selected from the group consisting of B, P, Si, F, N, H and C or any one or more
atoms selected from the group consisting of Si, In, Ge, Bi, Kr, Xe and W, and most
preferably Si or Kr atoms are used. When O or N atoms are used for the implantation as
described in the fourth mentioned prior art reference, the implantation only brings an effect

5o small that the state of magnetization may inevitably persist in the regions intervening

‘between the magnetic tracks because the O or N atom has a small radius. When the O or N

atoms are used for the implantation, the coercive force is heightened in the regions
intervening between the magnetic tracks and the writing of data in the magnetic track parts
is suffered to entail the phenomenon of blurring of letter because these atoms nitride or
oxidize the magnetic layer. That is, the use of these atoms, unlike the atoms used for the
implantation in the present invention, is incapable of unmagnetizing the magnetic layer,
degrading the Co (002) or Co (110) peak of the magnetic layer or rendering the magnetic
layer amorphous.

The present invention produces the magnetic recording medium by driving tracks
into a magnetic layer, forming a magnetic pattern designed in conformity with the distances -
between the tracks, then removing the resist and re-forming a protecting layer and
thereafter applying a lubricant as a coating. |

The present invention prefers to implement the implantation of atoms into the
magnetic layer subsequent to forming a protecting film on the magnetic layer. The
adoption of this procedure results in obviating the necessity of forming the protecting film
subsequent to the implantation of atoms, expediting the process of production and bringing
such effects as enhancing productivity and diminishing contamination during the course of
production of a magnetic recording medium. Incidentally, the present invention allows,
even subsequent to the formation of the magnetic layer or even prior to the formation of the
protecting film, to impiement the implantation of atoms and effect the formation of the
nonmagnetic part aimed at magnetically separating the magnetic recording tracks and the
servo signal pattern paris.

The implantation of Si atoms, for example, via the ion beam into the magnetic layer
is executed by using a commercially available ion implanter. This invention, in implanting
the atoms, contemplates directing the implantation of atoms to the neighborhood of the
central part in the direction of depth of the magnetic layer and enabling the atoms to be
distributed to a certain degree in the direction of depth of the magnetic layer. This
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invention does not need to limit the depth of implantation particularly becanse the atoms
are implanted into the magnetic layer with the object of unmagnetizing the relevant part of
the magnetic layer. The depth of implantation of atoms is decided at a proper time in
connection with the depth to be actually reached by the implantation, depending on the
accelerated voltage generated by the ion implanter.

Further, in the formation of a pattern subsequent to the application of the resist as a
coating, it is by placing a stamper in direct contact with the protecting film produced
subsequent to the substrate or the magnetic layer and exerting high pressure on the stamper
that concaves and convexes shaped into tracks are formed on the first surface of the
protecting layer. This pattern of concaves and convexes may be otherwise formed by the
use of a thermosetting resin, a UV setting resin or the like.

As the stamper to be used in the process, what is obtained by forming a fine track
pattern on a metallic plate, for example, by the method of electron beam lithography can be
used. The material of the stamper is required to possess hardness and durability capable of
withstanding the impact of process. While Ni, for example, can be used as the material, the
kind of material is irrelevant so long as the object mentioned above is satisfied. On the -
stamper, patterns of servo signals, such as a burst pattern, a gray cord pattern and a
preamble pattern, are formed besides the tracks for recording ordinary data.

During the removal of the resist, the resist on the surface and part of the protecting
layer are removed using a technique, such as dry etching, reactive ion etching or ion
milling. In consequence of this treatment, the magnetic layer having a magnetic pattern
formed thereon and part of the protecting layer are allowed to remain. By selecting the
relevant conditions, it is made possible to effect removal as far as the protecting layer and
allow persistence of only the magnetic layer having a pattern formed thereon.

For the formation of the component layers of the magnetic recording medium
excepting the proteainé film layer 3, the RF sputtering method and the DC sputtering
method which are popularly used as means to deposit a coating are usable.

For the formation of the protecting fitm layer, the method of depositing a thin film
of Diamond Like Carbon by the method of P-CVD, for example, is popularly employed,
though not exclusively.

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

comprises the magnetic recording medium 30 of this invention, a medium-driving part 26



10

15

20

25

30

59 fl 19 lcc 19 (tutOvw "9'0 | CO te0 CO6'0

EO n9°0 COCO EO 90 TO co PPOCOW W VI W WO

90 60 90 <co 90 3T-squash (% IvO.l L.9sl

WO 2007/091702 PCT/JP2007/052446
-14-

for driving the medium in the direction of recording, a magnetic head 27 consisting of a

recording part and a regenerating part, a head-driving part 28 for imparting motion to the
magnetic head 27 relative to the magnetic recording medium 30 and a recording and
regenerating signal system 29 incorporating therein a recording and regenerating signal
processing means adapted to enter a signal into the magnetic head 27 and regenerate an
output signal from the magnetic head 27. The combination of these components enables
configuration of a magnetic recording ;ievice possessing high recording density. By having
the recording tracks of the magnetic recording medium subjecied to a magnetically
discontinuous processing, it is made possible for the regenerating head and the recording
head to be operated in nearly the same width, whereas the practice of giving the
regenerating head a smaller width than the recording head in coping with the elimination of
the influence of the magnetization transition regions of the track edge parts has prevailed
hitherto. Tt consequently becomes possible to acquire ample regeneration output and a high
SNR.

By further having the regenerating part of the magnetic head formed of a GMR
head or a TMR head, it is made possible to obtain ample signal strength even at a high
recording density and materialize a magnetic recording device possessing a high recording
density. By enabling the amount of floatation of this magnetic head to fall in the range of
0.005 pum to 0.020 um, ie. a magnitude smatler than ever, it is made possible to enhance
the output, acquire a high device SNR and provide a magnetic recording device of a large
capacity and high reliability. By incorporating in the combination a signal processing
circuit operated by the maximum likelihood decoding method, it is made possible to
enhance further the recording density. A sufficient SNR is obtained, for example, even
when a recording and reproducing operation is performed at a track density of 100 k
tacksfinch 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.

Comparative Example 1:

A vacuum chamber in which an HD-oriented glass substrate was set was evacuated
in advance to a vacoum of 1.0 x 10°Pa or less. The glass substrate used herein had as the
material thereof 2 glass ceramic that was composed of LizSi20s, Alz03-K20, Al203-Kq0,
MgO-P20s and Sb;0s-ZnO. It measured 65 mm in outside diameter and 20 mm in inside
diameter and had an average surface roughness (Rs) of 2 A.
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On the glass substrate, an SiO; film was deposited as a pre-emboss layer in-a
thickness of 200 nm by using the ordinary RF sputtering method.

Next, an imprint was imparted by using a stamper of Ni prepared in advance. The
stamper thus prepared was of a type having a track pitch of 100 nm. The grooves were
invariably formed in a depth adjusted to 20 nm. The imprint was produced with a relevant
stamper.

.Subsequently, the SiO; layer \;vas etched by means of ion beam etching. The thin
part of the SiO2 layer was removed by the etching to a depth reaching the substrate, with
the result that a pattern of concaves and convexes conforming to the concaves and
convexes formed by the stamper was formed on the first surface of the substrate.

On the first surface of the substrate, a soft magnetic layer of FeCoB, an
intermediate layer of Ru and a magnetic layer of an 70Co-5Cr-15Pt-108i0; alloy were
stacked by the DC spluttering method and a protecting film layer of C (carbon) and a
fluorine-based lubricating film were further stacked by the P-CVD method, sequentially in
the order mentioned, ‘

The FeCoB soft magnetic layer had a film thickness of 600 A, the Ru intermediate -
layer 100 A, the magnetic layer 150 A, and the C (carbon) protecting film layer an average
of 4 nm respectively. This sample was produced as an example of the product of emboss

processing of Comparative Example 1.

Comparative Example 2:

" A vacuum chamber in which an HD-oriented glass substrate was set was evacuated
in advance to a vacyum of 1.0 x 10°Pa or less. The glass substrate used herein had as the
material thereof a glass ceramic that was composed of LixSizOs, ALO3-K20, Al203-K70,
MgO-P;0;s and Sby03-Zn0, It measured 65 mm in outside diameter and 20 mm in inside
diameter and had an avérage surface roughness (Ra) of 2 A,

On the glass substrate, a soft magnetic layer of FeCoB, an intermediate layer of Ru,
and a magnetic layer of a 70Co-5Cr-15Pt-108i0; alloy were stacked by the DC spluitering
method and a protecting film layer of C (carbon) and a fluorine-based lubricating film were
further stacked by the P-CVD method, sequentially in the order mentioned. The FeCoB
soft magnetic layer had a film thickness of 600 A, the Ru intermediate layer 100 A, the
magnetic layer 150 A and the C (carbon) protecting film layer an average of 4 nm

respectively. Thereafter, a magnetic pattern was formed by a magnetic layer processing
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treatment. Specifically, a resist of a thermosetting resin was apﬁlied as a coating to form
concaves and convexes in conformity with a prescribed pattern, the magnetic layer in the
concave parts was removed by ion milling in the vacuum chamber, and carbon was
deposited with the object of embedding the part of the magnetic layer from which the resist
on the remaining convexes had been peeled and removed. Thereafter, a film of carbon 4
nm in thickness was deposited by the P-CVD method to implement application of a
lubricating material. The resultant su;-face was planarized by means of ion beam etching,
The sample was placed in the vacuum chamber evacuated in advance to a vacuum of 1 x
10" Pa and Ar gas was introduced into the chamber till a partial pressure of 5 Pa. The
sample surface was etched by applying an RF voltage of 300 W to the sample. This sample
was produced as an example of the product of magnetic layer processing of Comparative
Example 2.

In the embedding process, a nonmagnetic material was used as the material for
embedding. In the manufacture of the present sample; Si0, was used. The technique of

sputtering was used for the deposition of the film.

Examples 1 to 26:

Similarly to Comparative Example 2, a vacuum chamber in which an HD-oriented
glass substrate was set was evacuated in advance to a vacuum of 1.0 x 10°Pa or less. The
glass substrate used herein had as the material thereof a glass ceramic that was composed
of Li;Siz05, AkOs-K;0, MgO-P,0s and $b,03-ZnO. It measured 65 mm in outside
diameter and 20 mm in inside diameter and had an average surface roughness (Ra) of 2 A

On the glass substrate, a soft magnetic layer of FeCoB, an intermediate layer of Ru
and a magnetic layer of an 70C0o-5Cr-15Pt-108i0, alloy were stacked by the DC
spluttering method and a protecting film layer of C (carbon) and a fluorine-based
lubricating film were fv.‘lrther stacked by the P-CVD method, sequentially in the order
mentioned. The FeCoB soft magnetic layer had a film thickness of 600 A, the Ru
intermediate layer 100 A, the magnetic layer 150 A and the C (carbon) protecting film
layer an average of 4 nm respectively. Thereafter, a magnetic pattern was formed by a
magnetic layer processing treatment. Specifically, a magnetic recording medium was
produced by applying a resist of 4 thermosetting resin as a coating and forming concaves
and convexes in conformity with a prescribed pattern, subsequently forming a magnetic

pattern designed in conformity with the distance between the tracks in the magnetic layer
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by causing preferably the atoms of any one or more elements selected from the group
consisting of B, P, Si, F, N, H, C, In, Bj, Kr, Ar, As, Ge, Mo and Sn, more preferably the
atoms of any one or more elements selected from the group consisting of B, P, S, FE,N,H
and C or the atoms of any one or more elements selected from the group consisting of Si,
In, Ge, Bi, Kr, Xe and W, and most preferably the atoms of Si or Kr to be driven into the
magnetic layer by the ion beam method, removing the resist and the protecting film, then
re-forming a protecting layer in a thick‘ness of 4 nm and applying a lubricating material as a
coating. The samples obtained consequently were labeled Examples 1 t026. Incidentally,
the conditions, such as the amounts of implantation by ion beam and the accelerated
voltages involved in the production were as shown in Table 1 below. The conditions
concerning the amount of implantation by ion beam and the accelerated voltage were
required to be set in advance by a preliminary experiment. When the Co (002) or CO (110)
peak strength of the magnetic layer determined by the X-ray diffraction was required to be
1/2 or less, for example, the diffraction peak of the magnetic layer due to the implantation
of atoms was made to assume such a state as indicated by a broken line in FIG. 3, wherein
a solid line represents the state of the maguetic layer assumed prior t6 the implantation of
atoms. Also, the conditions for unmagnetizing the magnetic layer and the conditions for
rendering the magnetic layer amorphous were required to be set in advance by the
determination of X-ray diffraction, the determination of electron diffraction or the like.

Comparative Examples 3 and 4:
Magnetic recording media were produced under the same conditions as in Example

1, excepting N and O atoms were used for ion implantation.

Comparative Examples 5 to 7:
Magnetic recording media were produced under the same conditions as in Example
1, provided that Si atoms were used for jon implantation and the amounts of implantation

and the accelerated voltages used herein were lower than those of Examples 1 and 2.

Comparative Example 8:
A magnetic recording medium was produced under the same conditions as in

Example 1, provided that no ion implantation was effected. It was an ordinary magnetic
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recording medium that resulted from implanting atoms into a magnetic layer already
deposited as a coating and keeping the magnetic layer from being partially unmagnetized.

The samples of Examples 1 to 26 and Comparative Examples 1 to 8 were evaluated
for electromagnetic conversion property with a spin stand. In the evaluation, a
perpendicular recording head was used for recording and a TuMR head was used for
reading, The samples, after recording a signal of 750 KFCL were tested for SNR and 3T-
squash. It was consequently found that the samples of Examples 1 to 26 were greatly
improved in RW properties, such as SNR and 3T-squash, over the samples of Comparative
Examples 1 to 8. It is inferred that this improvement resulted from stabilizing the head
floatation property and consequently enabling RW to proceed at 2 prescribed height of
floatation and further from completely eliminating the state of magnetization of the regtons
between the magnetic tracks. On account of the confirmation of the RW properties, such
as SNR and ST-squash, it was also confirmed that the samples of Examples 1 to 26 altowed
distinct separation of the adjacent tracks with a nonmagnetic part and as well, in
consequence of the ion implantation with the ion beam, enabled 2 magnetic pattern
comprising magnetic parts and nonmagnetic parts to be formed in the magnetic layer part
thereof in conformity with a resist pattern in the prescribed concavoconvex shape.

After completion of the determination of the electromagnetic conversion property,
the samples of Examples 1 to 26 and Comparative Examples 1 to 8 were tested for surface
roughness by the use of an AFM. The nonmagnetic substrates produced in the Examples
and the Comparative BExamples for use in a vertical recording medium were evaluated for
roughness (Rz) in a visual field of 10 pm with an AFM made by Digital Instruments Corp.
The evaluation used a resolution of 256 x 256 tapping mode and a sweep rate of 1
pm/second. The results of the evaluation are shown in Table 1 below. The samples of
Examples 1 to 26 showed markedly low magnitudes of surface roughness as compared
with the samples of Corhparative Examples 1 and 2. Tt is inferred that this improvement
resulted in stabilizing the head floatation.

The samples of Examples 1 to 26 and Comparative Examples 1 to 8 were evaluated
for glide avalanche, The evaluation was performed in a device made by Sony/Tektronix
Corp. and sold under the product code of “DS4100” by the use of a 50% slider head made
by Gliderite Hardware Co. The results of the evaluation are shown in Table 1 below. Itis
clear that Examples 1 to 26 excelled Comparative Examples 1 and 2 in head-floating

property because of low glide avalanche.
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The comparison of Examples 1 to 26 with Comparative Examples 1 to 8 has made it
clear that this invention enables convenient production of a discrete medium exhibiting
sufficiently low surface roughness and producing stable head floatation by the technique of
unmagnetizing the magnetic layer due to ion implantation. As is clear from this comparison of
the Examples and the Comparative Exa@ples, the production so implemented as to lower the
surface roughness to the fullest possible extent constitutes an important factor for the sake of
stabilizing the head floatation. This invention prefers to fix surface roughness Ra at 0.2 <Ra <
2 nm and more favorably at 0.2 <Ra < 1.5 nm. It is evident that this invention serves as an
effective means for separating patterned nonmagnetic and magnetic layers and further for

producing a patterned medium aimed at still higher recording density than the discrete method,

Indusirial Applicability:

It is possible to provide a magnetic recording medium that ensures retention of the
stability of head floatation, possesses an excellent ability to separate a magnetic recording
pattern, avoids succumbing to the influence of signal interference between the adjacent pattern
parts and excels in a high recording density prloperty. Therefore, the present invention
coniributes greatly to the enhancement of the productivity of magnetic recording media.
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1. A method for the production of a magnetic recording medium comprising the steps of
depositing a magnetic layer on at least one side of a nonmagnetic substrate and partially
implanting atoms into the magnetic layer to partially unmagnetize the magnetic layer, thereby
forming nonmagnetic parts and a magnetic recording pattern magnetically separated by the
nonmagnetic parts, wherein

the magnetic layer is a Co-containing magnetic layer; and wherein

Co (002) or Co (110) peak strength of a relevant part of the Co-containing

magnetic layer as determined by the X-ray diffraction is lowered to 1/2 or less.

2. A method for the production of a magnetic recording medium comprising the steps of
depositing a magnetic layer on at least one side of a nonmagnetic substrate and partially
implanting atoms into the magnetic layer to partially unmagnetize the magnetic layer, thereby
forming nonmagnetic parts and a magnetic recording pattern magnetically separated by the
nonmagnetic parts and rendering a relevant part of the magnetic layer amorphous, wherein

the magnetic layer is a Co-containing magnetic layer; and wherein

Co (002) or Co (110) peak strength of a relevant part of the Co-containing

magnetic layer as determined by the X-ray diffraction is lowered to 1/2 or less.

3. A method according to claim 1 or 2, wherein the magnetically separated magnetic

recording pattern comprises magnetic recording tracks and servo signal patterns.

4. A method according to any one of claims 1 to 3, wherein the atoms to be implanted are
atoms of any one element selected magnetically from the group consisting of B, P, Si, F, N, H, C,

In, Bi, Kr, Ar, Xe, W, As, Ge, Mo and Sn.

5. A method according to any one of claims | to 3, wherein the atoms to be implanted are

Kr or Si atoms.

6. A method according to any one of claims 1 to 5, further comprising the step of forming a
protecting film layer on the magnetic layer, which step is taken before the step of implanting the

atoms.
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