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HEAT- | NRYGESSIBEHASE TRANSI TI ON CROSS- REFERENCE TO PROVI Sicainido0AbHR! CATI ON
This application clains priority fromiU S. provisional patent application
Serial No. 60/165,284 filed Novenber 12, 1999, the entire disclosure of
which is incorporated herein by reference. 5 FIELD OF THE | NVENTI ON The
present invention relates to an inproved nethod for patterning nagnetic
data/information recording, storage, and retrieval nedia as well as

i nproved magnetic recor diNAGRETIC MEDIABATTERNING Mre specifically, the

present invention rel at egTIOZARG HEATYREDEEDOPHASE patterning magnetic . 10
media in hard di sk formsuch as %& ed 1Tn conputer and

conputer-related applications. OF THE | NVENTI ON Magneti c nedi a
are widely utilized in various applications, particularly 1in the conputer

i ndustry, apfONSiREFERENTCEPOIPROGIdIONBLA pgl th@nai m of 15 increasing
the areal recording densi ty,Oi .e., SJ'Elﬁ)e bit eggfxt_y, or bits/unit area, of -
t he magneti c nedi@, Conventional magnet.ic thin-fi.l mnedia ,wherein a fine-
grai ned polycr ysllrgﬁsl iaﬁgg?%’aﬂetcradmﬁl %Blﬁntya ?ms_elrl§eSp‘3¥‘st§l a%%”@e recordi ng
medi um | ayespplibgor YSHriaR Ny, 50m 88 dsastileAeNBOSHb&UNR 1999, tHeORAfideudi nal "
nmedi a dependi ng upon_the direction of magnetization of the grains. In this
regard, 20 Yiselopasef whichis incomerapdheremdiarefasncebeen f ound superior to the
nore' common "longitudinal” media in achieving very high bit densities.

However, < a gl i e in order to achieve increased recording-
5, BB PHETAVIRerO -

bit densities, 0 Gb/in, effects arising fromthernmal
instability, ! i sni. d..On d .
Soi ution 19’ t he. RPRETERTLENGROTHERET ¢ A AR IR, RoV R TOGPAYTORRL er ol | o
the so-cal | gfign&itPeitRniformdiont ieCordRg) 4103239 Bnd rétidvaV SIS0y Well dsi m t ™

encountered wth ultra-high .recording density magnetic recording nedia, is

t 0 i ncr easeimp@ved yagnétd recondingsmediopbtaineditheraby. More spreaficaliystheof t he

present invention relates to an improved method for patterning magnetic

10 media in hard disk form such as are utilized in computer and computer-related

applications.

BACKGROUND OF THE INVENTION
Magnetic media are widely utilized in various applications, particularly
in the computer. industry, and efforts are continually made with the aim of
15 increasing the areal recording density, i.e., the bit density, or bits/unit area, of
the magnetic media. Conventional magnetic thin-film media, wherein a fine-
grained polycrystalline magnetic alloy layer serves as the active recording
medium layer, are typically formed as "perpendicular” or "longitudinal” media
~depending upon the direction of magnetization of the grains. In this'regard, ~ .
20 ."pefpendicu'lér“' recording inedia bave been foun.d. 'su;').'e'ri.or to the ‘mOl’é'-
common "longitudinal” media in achieving very high bit densities. However,
as grain sizes decrease in order to achieve increased recording bit densities,
e.g., to about 20 Gb/in®, effects ansing from thermal instability, such as
"superparamagnetism” are encountered. One proposed solution to the problem

25 of thermal instability, including, inter alia, the so-called "superparamagnetic



bits, in order to conpensate for the smaller grain sizes. An alternative
appr oad¥O 0HI A& er, to the formation of very high bit 5 REHYR 3% Hgnet i ¢
recording nmedia, is the formation of “patterned” nedia. Analogous to the
situation wt.h conventional, palygrystalline thin-film magnetic nmedia, both
1 ongi t udi \ﬁﬂ“ &HEPU%%FE@HHP c‘glflé'ﬁ“glf JEETdme density; fegnelifa ﬁ‘éotrfh@g_rredi a have
been devel QR&Ha, igﬁpﬁi&%aﬁé}tﬂé%?stm% Bftsotrdlsy, al@ BiRtthe 8ddéhedd bEGHel ON is
paral l el or perpendicular to the nedia surface. 10 Wen fabricated in disk
form such bitsamntozderdd compehisatesfior thessmhlley grategizasd for use in conventi onal

hard drives, wt st _of the dnive design res |, he sane.
Thus, hard drive- g@sla‘a“}sea??%f?ﬁ‘éh'\j‘°r‘?§8?%q?e‘%ﬁ%’?‘%“gw %ﬂ%% nbiptr actice,
conpri ses a deRsifN n@Eneic kedtirdifig amedin d &y tHee &sindativh ngf Glatremetl! media. -
cl osel y-spaced relation thereto, with read, sensors or g read/wite head

. . . a
that 15 maghralegaus ihdther sifeation: avith conygiional palygrystalbpgnHin-Bdms r om t he

magneti c |8 ' r | I &it : " i £ y the
Aom o For dhbfyis AR XA IheRubink ofF HSGRA I T, THEANS pdnedf TNE
St orage, Augbgietic 19%%8ia Pilave2 bedi®) develsged] pdépepding whoh i ndtteor thiecanni ng
extrenely close to the 20 surface_of a datal/jnformation iitora e medium The
tip is | ocanagnelizatione digpetiops 15 paraflel pppsrneadiciiag o, the Jmegid tERCects in
[eSpons go t OWHaRRifaleR ihifad RSP BARLMe®iclS drl Pealily AGptEg §11 NO. The
force may arise froma variety of effects, 1ncluding, Tnter alia, nagnetic
force. To daseein oohyentianalt hgrdsdmvesARkitid most of tey drive elesigenfsasiresat ed, i.e.

write-once/read-only and read-anly., The forger 25 type.,of AFMdrive, which
provi des V\/rﬁef’@!'Bﬂ%é];\{? éﬁﬂ?'o&ﬁﬁs’g?ﬁéﬂqviet ,Se‘{JtP‘ftfe_?éeéi _a‘%e‘ﬂ@atFéﬂw tip for
writing oncgobM, froprati, §6]¥1%1lise' zﬂﬂﬁﬂﬁiﬁ% IARRSwION a Blidér HeBd Bghg ek ace of a
substrate, e.g., of polycarbonate. Data is read by using the AFM tip to
scan t he t hissclpseliespasdd selaticretheratel with séadpensnss ohamgakwrite héad thatr ce

i nposed.on the AFMtip due to the presence of the jndentations..30 The
oo topeaEdlet apPobtrichS e nhEiE Refis Fmiifod JRET Y i3Bens™, o
initially Wketifaen in the formof indentations (pits) which are created in
the surface of a Si02 naster by neans of an electron beam,  The data, in
the form WO 01/ 3889®dimgTiousdir3appraachy apfexemplified bt the | deanic iForgenen

transferr edMipr\‘)séowl(i'ﬂﬁM"? Qpprkgchaofﬁw ?ﬁoi‘ & et al., Dara Storage, August

1998, pp. 21-26), a sharp tip is utilized for scanning extremely close to the

20  surface of a data/information storage medium. The tip is located at the end of a

- flexible cantilever, which deflects in response to changes in the force imposed

on the tip during scanning. The force may arise from a variety of effects,

including, inter alia, magnetic force. To date, only two types of AFM drives

have been demonstrated, i.e., write-once/read-only and read-only. The former

25 type of AFM drive, which provides write-once/read-only capability, ﬁtilizes a

heated AFM tip for writing once by forming small indentations or pits in the

surface of a substrate, e.g., of polycarbonate. Data is read by using the AFM

tip to scan the thus-indented surface and sensing the changes in the force
imposed on the AFM tip due to the presence of the indentations.

30 The latter type of AFM drive functions in a read-only mode, and data

is initially written in the form of indentations (pits) which are created in the

surface of a SiO; master by means of an electron beam. The data, in the form



coated gl ass substrate, which photopolyner is cured by exposure to ultra-

vi ol et (WYp1/35306 ati on to thereby form zl}surface t opogr aphPCFEBIIETt i ng t he
data. The data is then read fromthe cuted photopol ynmer surface by scanning
5 with the AFMtip to sense the changes in force thereat due to the

i ndent at i ons ©f the érsleatatigns.ist then %é%&,edsl by HEpGEHANC ta BpPhRARRPLY S n i | m

processes s L1L zed: | I eat.d %', or
i nt egrated c??%ﬁ?%ﬁgﬁﬁg%tt%%ngﬂﬁhg?%érggpsc{lg@gf ?ﬁg{l%?e@f gre a ag‘fgg}for maki ng
hi gh aspect widléeto(UVstadidtionctol therebpiform pesyrficeitepdgraphy eatesentmgdtheedi a.

According to one_10 particular prqach Todqrovic et al., Data Storage,
May 1999, ppFiatE‘?I%B)datadéé]i’ejh@ad ?’c%n? ﬁher‘é’éé‘gﬂph?fgl’ YL §iTHE eSCBPIBE | ity of
the indi visduglin@k WEM tslsafsfertﬂé)&%%gs i f6fcR!thdrbliddukSo tHe ihgRatidnsr f orning.
the columms, and gal | ur% arseni de (GaAs) and al um na (A1203) are enpl oyed

as enbeddi ng nedi Adcording e thokerond, littographin pprroachy thinofile pregessess with an

electrically cagnductive,.l5 G bstrate, an.whi | ey al um num
arseni de (Al A8Y" Ad"GA) Ze%?%ﬁ%i%{’&‘&{‘%@ 5 8‘;5%°§“Ff‘§8§ métsg a;?léén%?%l%l ar beam
epi taxy (" MBhpdludig anitrétsized Fedties dveaidapted hfog madkiyg iligh faepectitratid,zed to
define the magnet patterns on the resin-coated sanple. The patterns in the
e- beam expos single s¢alumnbitg epapesiienlarly | patierid dpedipprAnseTdieg ©WoloRent system
and t hen ansferre ] I 0 ' | t1eh g

("cal By 10 PRRETLAE Srp R RINE TROPIe of af DRRASEHER, MG OSTRE BIID .y g

| ayer is conEigaed itoitifcrédse0ochlvitit hénderswatlilityoudf deet imlividddlecdlimass, pr oduced

patterned | ayer acts as. a mask for_ _additignal. etchi for extending the
pattern of deptaesiands niskel e tHized frhderming té%ﬁé’ﬂg%sap ﬁaiﬂu’?he et ched

depressi ons i%sehgﬁ,% aﬁalamﬁaq{g@) mean{ﬂgy&@gs Eénﬁaeddaﬁg eheaed Fopp! at ed

Ni . Overpl ate oons” are en renoved, as by polishing, to create
a snoot h sur fthe eofumnsadihenfabdedtiongpokessestartomtithcan eteleiically tdendiiiiys, t he

o verse Tige A SNERRCoh St RS S R D HEEHR EOMTIRERNGLY

el ectron beaml ish QWi N Mepdsited, RV Hdleb¥laPB&ins bfithxyQPMBE) Sdadhingd; (4)

wet -t hermal oxidati on; andp(5 el ectropl ati ng_and polishing, e.g.,

cheni cal - mecheedtom begoi litbpgraphy isclver ytilizeddo deBng thejmagpet Thikg ti ne WO

01/:35396 PCT/ rléggggoggeélsZmpf'e. The patterns in the e-beam-exposed resin are developed '
utilizing an appropriate solvent system and then transferred, as by chemically-

20 assisted ion beam etching ("CAIBE"), into the AlAs/GaAs layers. After
pattern definition, the AlAs layer is converted into ALO; by wet thermal
oxidation. The thus-produced patterned layer acts as a mask for additional
etching for extending the pattern of depressions perpendicularly into the GaAs
substrate. The etched depressions in the Al,O; substrate are then ﬁlled with

25 electroplated Ni. Overplated Ni "mushrooms" are then removed, as by
polishing, to create a smooth surface for accommodating slider contact
therewith.

Thus, the overall process sequence for forming such media requires
successive, diverse technology steps for (1) MBE growth and mask

30 deposition; (2) electron beam lithography; (3) chemically-assisted ion beam
etching; (4) wet thermal oxidation; and (5) electroplating and polishing, e.g.,

chemical-mechanical polishing ("CMP"). The result is a complex and time-

ST



consu ,?&}5{;03“0” process. Moreover, each of the aboy, ?T/%Md" ped
appr oac g patterned nedia manufacgure typically involves substanti al

capi t al |nvest ment for the process equi pnent, which together with the

| nherent . PLgfdfing OBBHEAIdTY rpr6£RECMEREVEr| QoK O5f ke T ffovusRsiribeli on
product throughput magnetlc sk nmedi a manufacture. Yet another process
for form ng appno’adraseﬁr neettested cmedidi manvfactote txmmibrsmvpb'ealss!bstlamdlul in
form ng servo patter netic medi s.di.sclosed by D S.
o' commeApip s ordne Biars upTacnt S oh ST ML RS o

09/ 130, 657, prbdeSflcopleRity, fende? Hom fcdsBy Fos@d iHBRsh ﬁ&auatqhmghplhnom
property or phenomenon of magnetic films of exhibiting a decrease in
coerci vi ty @Qg}lemﬂﬁkmm?é@%ufpﬁuﬁenperature Such decrease in He with

i ncrease in tenpeyat [fe | n

trans: tions i n RS rAIR P EEsR ot Rutble pAGdE RRENE IIRATERIE, ) s
("RE- TM') rbdeuss & zﬂso ﬁsaf\lm iaSfofrBingi séMMol Paients o€ mdghbtics mi¢tild suzfade,i n

magnet o- opti cal 15 é recordi ng devices. Such devices tg_pl cally enpl oy
a focussed |iaghsclossgm Dor .Rue ip rgmmeyassigned; WrpeNmRE. T\P¥8Rled nedi a
surface, whi u n Jieldis
applied to t ghca%c?%ehtggﬁrge@%?gs{gg%ﬁ%%& g%ﬁtghlﬁ%t I%é{i:'a bﬁ‘gﬁgﬁ g’at I on
within tbe Imakhqwﬂnqarbﬁmﬁrceaphdﬂaﬁ&dommfnntalgnsucefﬂ‘lmst oPrexpibitivgranon, Kuo
has proposed, in the 2Q abg%ﬁ mentioned,U. S. paten a\{)gl i cati.on, a met hod
for fonni ng 955TeRsE H\s&"e’%ﬁh cwmmcae%%“gtem@é%‘v@ EH‘E PHEEeAN e sur f ace
of a magnet iy eﬁ?fe@f]@% fatuxAC?so ohBsy Qufif2ed PO ?&ﬁxc@' ﬁl%gﬁ?ﬁd therein,
i nstead of heating t etic nedia wthh a spot o focusse aser

radi ati on, atrmnumsmit}pahbmagnen@lmaienalaregrrag@):ardf-trmmm et éﬂ&i-gy (e.g

fromalaser R ct the 25 ce of netic r dlngfllm
or |ayer, %le]hffqpfqﬁ §°1° @“B’é’@r{ﬁg%ﬁgﬁ‘gﬁﬂfg m etgfqp .
treatmenys byﬁ"mbl e8érdaiy @éw@essm@meme@e}m@anyf érﬁhl@yoi f@chéédSIas&m a_r ity,

to selectively heat and thus |ower the coercivit

netically
pre-al i gned $gammfen cnen@ngxp&gbdpd s thel REOTMebaSP‘b ng@wersatf@cea Whtg‘gnet ic
patternlnthe etic f|| 0 ayer ers
pol arity, weld é’?‘g‘?f;}gngf)ﬁwa 1|°‘§I ga?sexgpﬁ‘? gn? crft’;enhdana%pl ﬁgrtrolgt soeglrce) to the

film surface WursdthetdiectorneiveA ngatiinagon Mot the lodilyRERESeeapol arity,
weaker magnetic field having a strength between the coercivity of the
magnetic film WO Beyedsupm 9“P(9ﬁel3}8 pomenon, Kuo has proposed, in' the

20 above-mentioned U.S. patent application, a method for forming patterned

magnetic media, e.g., servo patterns in the surface of a magnetic recording
layer. According to the process disclosed therein, instead of heating the
magnetic media with a spot of focussed laser radiation, a focussed pattern
(i.e., an image) of radiative energy (e.g., from a laser) is projected onto the
25 surface of a magnetic recording film or layer, which film or layer has been
subjected to a pre-alignment treatment by application of a strong magnetic
field of a first polarity, to selectively heat and thus lower the coercivity H, of
the magnetically pre-aligned film at the exposed areas. In order to generate a
magnetic pattern in the magnetically pre-aligned film or layer, a reverse
30 polarity, weaker magnetic field is applied (from an external source) to the film
surface during the exposure/heating process, the reverse polarity, weaker

magnetic field having a strength between the coercivity of the magnetic film



when at anbient roomtenperature (i.e., when cold) and when under sel ective
radi ati vVWOMERYY exposure (i.e., when hot). The directionP&FU8MWAat i on of
magneti zati on of the magnetic filmor lTayer at the selectively heated areas

di t h tt N d t h | i cati f
The 5 Fover s BBk ARPFALREL RrBeratGied fu i coRE <P Eh IESEASCRREY Sl oot | ve-

heating st agfliatie @&g}n%&g@b@wﬁ.e.,awmﬁr}w. CTHeA8ir&Stidn! 6r bREMtRSbd Bfthe
magnetic filmor _|ayer, ich pattern i s retai ned upon subsequent cooling
of the sel ectiagagtzatipn sisthe magnetio fimoer layer at the seledtivglyr healys pisas he |
feasibility 0 r e - Lyated in

| abor at or y sEoBEnBRENE oBaBRle BauBhif AR IR TP B fhe APYRARRTTIOL)

magneti ¢ tSr ansietseqpdaritgsmbgrenic ficdd ldaring ithe pitesin LRpesudd/sdlenive teating ncl udi ng:
(1) Transition sharpness and signal strength- adaptation of the - essential
dat a recor di ﬁ@gﬁoﬁ%gﬁ?“sﬁﬁ??qcfe%lmﬁgﬂﬂwmimm is fempsdindhe magneticsfilkmper i al s and

medi a, such f | ' nqn}q el Z1 i filnms or
| ayers of coz@gﬁt\rgiﬁgfpaﬁ%glne@ fegﬁg%‘fé’@‘z&g{éﬁngﬁg‘?%e g?né-ltrogr%h %l‘c—léel)g?twafobalt

(Co) ’ ni ;:_kel e_(qbdis{:d p?ﬂiolmrir:]oﬂtheg‘mn)hquwwi _nu_mt ( PtH), fettc.h, : ntC;JI‘S a t" d. :
conplication in altho t.he coercivity H o e |atter-pentione
magnetic materi al Sﬁ@é"crté% 885‘%&‘% q%p@reeé G ﬁmlcgﬂﬁ:)@FaWGF%sF g‘ﬁegg?ﬂ sot r opy
20 const oyt Wemdhftude fl 080N blldieBCoREREenD of PEREIR! &HfbitiA® high :
consequence, the conbined efféct of a decrease in H and K W th increase
i n tenperat uduality magnetiby Aransigions shas nbeany pretilematsp efor ssevierad | redsong. f or mat i on
of w de trans'ctl%grrl]g bet ween the patterned and non-patterned areas; a w de

% 0

pul se wi-dth a f peak signal anplitude ("PW50"); and weak signal

strength. 25 (2) IRgnetTransid ehaiphiedk f @idkilghal sthehgihapdapldtionhef thensi tion
patterns between areas of different magnetic orientation is determ ned by
the tenper attieatiadli deta megording oronasat guilized i wih y REcEMe dhermomagaetia he

TR | il SR 0o TR A Mol UL BE. T
can vary fronhiarfdmstar 3geraroé zodvmtivoalaaugiett allags comprisedrofeixanmie), t he .
(0oL e o SRRl AL Rt S TGS sl PR o e
i f the inmage compBition i tHAtl hRholzhf BleMcodrEivity H. of the latter-mentioned .
magnetic materials decreases with increase in temperature, the anisotropy
20 constant K, also decreases with increase in temperature. As a consequence, the
combined effect of a decrease in H, and K, with increase in temperature is
disadvantageous in several respects, including formation of wide transitions
between the pattemed and non-pattermned areas; a wide pulse width at 50 % of .
peak signal amplitude ("PW 50"); and weak signal strength.
25 (2)  Magnetic pattern uniformity- the shape of the transition
patterns between areas of different magnetic orientation is determined by the
temperature distribution of the selectively heated areas of the magnetic film or
layer resulting from the heating by radiative (e.g., laser) energy. The
temperature vs. distance along the film surface profile can vary from area-to-
30 area due to several factors. For example, the radiative energy supplied to the
various selected areas of the pattern can vary due to pulse-to-pulse energy

variation of the laser, such that even if the image geometry is quite uniform



WO 01/ 35396 6 PCT/US00/30717 over the filmsurface, th | 1] magneti c
transi MOM354t t erns can exhibit substantial variati onepd;r?‘g%f)hb@?ze and
shape. In addition, since the coercivity H,, of as-deposited magnetic

alloy filnms_or ers t i;--II aries by. about.. +/ v dISk
surface, p3ttt efhﬁa%lﬁrf 1585'%‘%%? 31? aﬁ%‘u§1n§nr§‘flg% %ﬂshu P:?t}e%éscgsns gidl“ ary
over the magbsedntial V&y#ionds Béth stz2)an@Bhase. In @dxﬁﬁsm \siricg-thé El@srﬂi&imﬁ | c
switching or transition time is deternmned prinarily by the Iength of the

.cool i ng i nofasraepasited magpetiq ahay ﬁ]@}ﬁcfPre‘aY‘FrS sypicallyevarss by koG- 3P heati ng
and cool | ng, to\/gief):l )%B?fa&ee&%ﬁgﬁlar 1fo?:§1t%a ?édaftstfrér%ﬂxwmlrﬁ&?sganl n order to

forma magnetlc pa ern W ramsitions S necessary
to genersat e/aﬁydsmthenga@wnt:eﬁytrafeat he sel ected areas which has a | arge
tenperature gradl ent pear the edges thereof, To_ achieve this, a short

thermal cycle i 43} eq?Yepis RosroBaY- s TRRARSHC AV IthiRE A IieRsifien §me i deni ng)
of the te”ﬁfrd@{e%ﬁ'l éﬂfrhérﬁaeverletlbﬁghfdfq tcesrlﬁ@kmeﬁaﬂepme @Rrrhd) the

magnetic filmor the duration of the 15 thermal cycle
decr eases, dyhle (d:eeﬂm sarblyingtiont dxﬁhemggeandccobhhgmmes) experiencadr byethpondi ng to

the cycle (i.e... swtching) tinme, ter dthe nami coerciyity",

i ncreases. (r@ﬁ{@téﬁtfgm 19, lag%{ Jpp&der ey ”Ps |rﬂfﬁ%§8 Wﬁteﬁb\?@”ﬂhﬁ% t he
magnet i gp f 'rhi%n‘éflc |t?dﬁ§ftxoﬁ§n1tb@ hersegy %tgb%ieaté &CHéétidggpﬁtéiﬁ“cfﬂ ﬁ@nt dynami c
coercivity effects. The sanme upper I'imt™deternines m ni mum armount of

20 expansi asleciedaareas\whichihagp 1®'gett¢mp¢rmp<egmdm neay, thduedg@m%!ere@f .ong the
film surf of|I for .a fijnite i nt e val ccordin t here
exi sts a ne da? ntﬁ'iS 8}3%{1 ﬂilreé'{rﬁl)(fy Sr ff)erqrwrﬁ% 0 QRS ¢ ?cmgﬁﬁ%r ns in
magneti ¢ dah@ahsibO(d1B] wwerﬁﬁg)rmaeaadpéxqtm Q¥atile Fedilting fishiCtheafalhard di sks,
which is free of the di sadvantages and drawbacks 25 associated with the

above- descriopductinoine the, magnets lehoeal&yeaeﬂowwerrr@ﬁttéa dyration edathef act uri ng

cost whig hat?érxﬁaq cl% @l eafls f'%l Elvﬁ 311? ﬁ%“ﬁtnla fi lirga})r ayer

conventi on uring Ogl e 0ogl es or orm ng
pat t er ned rmmpomlmgadoathﬂbﬂe (absmvamlmg anneetelnﬁm therpdouadicpat t er ned

magneti c nedi a, 9., in disk for whi ch elxh_i bit uni orgi shg&ed and very
30 sharply ‘EPéf‘?'W@él H’&&?‘Fé‘?ﬁ @oﬁ%ﬁqi‘%rf s an YPPEY 14aIt 25 10 eVARRAYer vo

patterns of heliigiedid fifth BREFE! don ERaRd WHRIMHintan ARy SEditibhR ARtk

coercivity effects. The same upper limit determines the minimum amount of
20 expansion (i.e., widening) of the temperature vs. distance along the film
surface profile for a finite heating interval.

Accordingly, there exists a need for an improved method for forming
magnetic patterns in magnetic data/information storage and retrieval media,
such as hard disks, which is free of the disadvantages and drawbacks

25 associated with the above-described process, and which can be implemented at
a manufacturing cost which is lower than, or at least compatible with, that of
conventional manufacturing methodologies and technologies for  forming
patterned magnetic media. There also exists a need for improved patterned
magnetic media, e.g., in disk form, which exhibit uniformly shaped and very

30 sharply defined magnetic patterns, such as are employed for servo patterns of

thin film magnetic media.



7 The present invention, therefore, addresses and sol ves probl ens

at t endarwoopss3opat t er ned magnetic rredig manuf act ur e accorRGEgSA0E0TIRe above-
descri bed process, and affords rapid, cost-effective fabrication of high
bit density, patterned magnetic nedia, e.g., in the formof hard disks,
whil e 5 provi di ngThailpresent i iventiony | therefarpaefdiesses yand tselves| pioblemni cal and -
el ectrical | : j r, the
patterned ”%Seﬁgﬁtélp %8?@1&%? &]%rt?gﬂéé#ce@%ﬁ? @H@%ﬁ%ﬁ%ﬁ%ﬁ%?s. rr%%gand
reliably nagestrbédipritesty andi iffdide rasidptodtieffiectived fabricatich fof dagh dit of -
conventional @ nmanufacturjng techniques and a ratus., 1 | SCL RE OF THE
| NVENTI ON Andeiigityen Patifanest magaelis &edin Q-ngé‘ht‘ﬁ‘g orR ofnharf fiskse P hod of

formng as gg,?,g;gi& g@ﬁﬁﬁﬂu& Yuft {aag.giagpmwrﬁéﬁ HhhaRich oM LRERRE and

retrieval er advant e present 1nvention is an inproved
15 magnet i cahdpgctpadf epneehtivaghdiard disk a¢dhmblogyatMoreosenr thgepattainedet ri eval

medi um Yet anot her advantage of the present invention is an_i oved
appar at us f of'2Rfifi ﬁ@‘%éa n‘%fgﬂ}é‘? i RFesent p‘gfﬂ'ﬁ’ioﬂ ﬁa'?‘ra%%esﬁnglydeﬁng/ f‘ﬂgg mat i on
storage and pahhfeNedd Bydhtble2Qaddstidd andbr aHNERERENS of awPEitionaRnd ot her
features of the present” invention will be set forth in the description

whi ch f ol | owmaanfaciuning agchniguk$ andoapperatusappar ent to t hose havi ng
ordinary-skill in the art upon exam nation of the follow ng or may be

| earned fro i t invention. The advantages.of the
pr esent ilﬁvg}ﬂﬁgghgm@%r@g‘awgg&gﬁéﬁ;bt ained as 25 particularly pointed
out in the appendeg alwintdee 6CGWY Piedentt Mvedtions peah iafproved predmdndf

i nvention, the foregoing and other advantage re obtained in t by a
met hod of f ofPATHAG A AAAENEHF PAUSEY tRerh m%sﬂ&tlﬁa%%@m%&m&épa/ F‘Hfaé”anﬁ on

st orage and ;’W 'L[ﬁdi um which nethod conprises the steps of 111 WO
01/ 35396 8 P gb 7 (a) providing a magnetic nediumincluding a
magneti ¢ recordi n@Ardosheer advantage of the present invention is an improved

15 magnetically patterned magnetic data/information storage and retrieval
medium.

Yet another advantage of the present invention is an improved
apparatus for forming a magnetic pattern in a magnetic data/information
storage and retrieval medium.

20 Additional advantages, aspects, and other features of the present
invention will be set forth in the description which follows and in part will
become apparent to those having ordinary skill in the art upon examination of
the following or may be learned from the practice of the present invention.
The advantages of the present invention may be realized and obtained as

25 particularly pointed out in the appénded claims.

According to an aspect of the present invention, the foregoing and
other advantages are obtained in part by a method of forming a magnetic
pattern in a magnetic data/information storage and retrieval medium, which

method comprises the steps of:



having _a surface, the magnetic recording |ayer conprisin | C
mat eri AAOOHIHPHg a Curie tenperature ¢T,,) substantiall yggﬁﬁgW&gym

tenperature; (b) applying to the magnetic |layer a first uniform magnetic

field of a 5 first directi.on d_stren fficiient ntially
uni form ze the négﬁré)tvfc{éngst"iﬁgé’%ﬁﬁglregbufr? %@3&%% yalgglg&f %e%?ﬁ&gg%gﬁ}et ic |layer
a second Urhavixiga stgike}the nidgabtic fcoRling RYONEbnipristtd & aiaghtiombtegial 0 and of

| esser strength than that of the first nmagnetic field, the strength of the
second nmagriaving  Ceneltemperguee (Te) sibsiantially APVEreUR IPRETAME et i ¢ state of

the magnetic | ay@zra%g}%[ {f)eth%fj}%ﬁ%%%tij: ﬁ?ﬂ} a%idst Lo ﬁla@%{ﬁgceﬂelhedﬁ)aer ature

equal to or grea nsufficient to alter magnetic state
of the niignfitst dirtaiparandtserengthesulffidientrioisabsiantiallyamifotnidedhe maghetiper at ur e
bel ow T, ; (d?a selectively increasing the tenperature of at |east one

sel ected 1H4MG8MFYn of the surface area of the magnetic |layer to at |east

T, for a desired()ip$igineab thé¥habfetRRY ot \GcohPurifhRNHa AR HelCof d € d tO the
magneti c | ayer, (ct)hgé gt;llgqse?ect#vel yQ%I taericng t he mag?let ic st a(t)e of the at
| east one swsdcend alirectpon toppositef td hed nefglessdr cstteagdy thahelhat exfnthaafiisng
application _of the cond magnetic field to the magneti.c. | ayer after
conpl eti on B‘F?’Ié‘?t'é’pﬁ‘%gﬁ &eaﬁﬁl&?"gtfh)o c%‘ﬁlﬁeﬁﬁ"d( H’é‘gﬂ%cl gégtbeﬂ)‘%’es 5‘1"5’8%& porti on
of the mBgnghdrCthk aifneti® state LENTRE mMgnetc DH)ePWHen feciattel RRJait # MRgpodi ment s
of the present invention, sé};ﬁ) (a) conprises providing. a |ongitudinal or
t@ .0

per pendi cul elevafad temnparatieaie .greagerdihen T dmt dnsubeicnteldi dterithe | udi ng a

di sk-shaped_substrate s orting the magnetic.layer, . wherein the magnetic
layer 15 colPraisatse & Ritgmasndic Ryg) MARE Mg Al st 4 S0 doPen T om ¢ he
group consi snmpegatofe febow @@, Ni, C, and Pt, and T,, of the nmagnetic alloy
I's on the order of about 300 C, step (b) conprises substantial I%

uni for mi zi ng t he (Hastieativelysinpreashre thee temappraiure of ) deashyonsy seleyed| i gni ng

t he magnet i | SN ] e appl yi ng
the fir g? uﬁ?}f:tg)%m rraegtr?telﬁ?%oéﬁegl aq%% “Q%B%%n&‘gﬁﬂ"rg‘ %ﬁgﬁ&efg??e%etggad al ong the
easy axis ofintemvghewhitatapplyingf tHehsecondmasgnetit afyeld , tot the wragmeeici layéd, el d WO
el = T TN A NG RN SR

portion of the magnetic layer;
(e) terminating application of the second magnetic field to the
20 magnetic layer after completion of step (d); and
(f) cooling the at least one selected portion of the magnetic layer to a
temperature below T..
According to embodiments of the present invention, step (a) comprises
providing .a longitudinal or perpendicular magnetic medium, e.g., a disk-
25 shaped medium including a disk-shaped substrate supporting the magnetic
layer, wherein the magnetic layer is comprised of a magnetic alloy including
metals selected from the group consisting of Fe, Co, Ni, Cr, and Pt, and T, of
the magnetic alloy is on the order of about 300° C; step (b) comprises
substantially uniformizing the magnetic state of the magnetic layer by pre-
30 aligning the magnetic regions thereof, e.g., by performing a DC erase by
applying the first uniform magnetic field as a DC magnetic field directed

along the easy axis of magnetization of the magnetic layer, the magnetic field



coercivity of the magnetic |ayer at roomtenperature and the fir magneti c
field ba¥A8133 i ed to the entire surfgce of the nagneticP(ng’ro@%V a

desired interval; step (c) conprises applying the second uniform magnetic

i ch ©s 1 onbiereiuf Ut R iR es S rIBRRALY sotele b BRI Tt on -

of the magnegdegcivity oFf thd Gfagh&tikaybhgt fodfd enfieritereodnd the fikgReighetic | ayer
approaches T. and_may, for exanple, be determ ned_bi‘wuse of the follow ng
equation for figddheing appliegh terthg eatigg surface pftthe tmagnels dayes Jox mydesired es: 10

Hd MdHF, = g e = | bddof G8); M=
magjnet i zzl;? i oﬁlt%%{rﬂ/s %dd)ys %%Eg%e%g%%nga%%ﬁ gxg%‘éﬁ-{)nn; g;ﬁéﬁs u1 fg%:l?é pt : 0 =

zer o appl seddinagiortoppoditectoctthe firstpnaghefic fiekdnqira sreagthawhichds idveerttkarper at ure -
of a patterned ril uralit%/I f selected _portions, 15 of _the surfacte of the

magnetic | ayBtt ¢eseato fhagwherp lowerige _,°f6§ﬂ magneizahen ffé_&pB?igﬁﬁnc 1€ pat t er ned
plurality of opard hOfR t@fnrpklglfurm'iﬁé hﬁgﬁé’dﬁeray&oallﬁﬁﬁlécfﬁfeé ¥ aRASKAY fodY -

generating a pattern of radiative energy fof selectively exposing the
patterned péexangllet pe odetgonnédhy bse pf dhecfollnying fequatinpedon mageeton t he
sel ected portions, of.. the surface of éhe magnetic |ayer via

phot ol i t hogr BBFTRIS, it REMSLADE sayrensss (SANEWEY/ pr oxi mi ty i magi ng t hrough a

patternedgaperture mask, or by neprdMidehg. - Mpagi ng, wherein step (d)
conprises utilizing a source of F'é%l ative energy selected from anong
optical (e.g., continuous or pul@ddH)asddM/dHy ectron beam and ion beam

sources and rf ofm_n as capni . ar | | . A netic _
| ayer surfacgl;%e%?ﬁ%‘ s_t'“g)ﬁ; %l§fi%%p§?§egﬁ$§%}zg{l§r?é%r§?@{r@tE/Ié aPe?T east one 25
sel ect ed por tiaghetipdtiah; hedSdubsdtipt PO 0€Efso Sappiied aflagretion fieldy estép. ¢d)
conduction, and heat transfer. According to another aspect of the present
i nventi on, aceEPHESaGIngHhe HoREathERi AP @ﬁiﬁdiﬁ%m}(%ﬁs ecdeRartigRs; and 30

b t ' i h A - nat t d .
(1) 2 patiser BphTRAREL ok G Sh0 LYK 16 T8 S SR Gy Liiel Lo nod

magnetic rec ayer having a rre tenpera Ta) 96
PCT/ USOQ' 307 the patterred ipdiralittyi ceflployticols ©f éhermagnetie hgyer &t xadimtian énergyUnf ace
-conprising %ergregrl E]negteil gattern of radiative energy for selectively exposing the patterned
plurality of portions by projecting a focussed image on the selected portions of
the surface of the magnetic layer via photolithographic techniques, by
.20 contact/proximity imaging through a patterned aperture mask, or by near field
imaging, wherein step (d) comprises utilizing a source of radiative energy
selected from among optical (e.g., continuous or pulsed lasers), electron beam,
and ion beam sources and performing raster scanning or area imaging of the
magnetic layer surface; and step (e) comprises rapidly cooling the at least one
25 selected portion by at least one process selected from convection, conduction,
and heat transfer.
According to another aspect of the present invention, a patterned
magnetic medium comprises:
(a) a substrate; and
30 (b) a patterned magnetic recording layer on the substrate, the

patterned magnetic recording layer having a Curie temperature - (T¢)



patter REfist herein by a process conprising the steps d lying to
t he ea?y"@r%l S gf the magnetic layer ajdirst uniform nagr#gﬁf%go??@ﬁg of a
first direction and having sufficient strength to 5 substantially

uni form ze §ipsaHBARELS es{,&?.@- ticclayer by. pre- alignment of
the magnetic regqi ox tﬁ’ereo ; t?{jl.)ér}%ﬁgpp y%néglﬁ{aggtéﬁ@p%lgr%e?ir% “ﬁg%r a second
uni f or m nagpastere fdrinefl dhereiin by aprocssd cadmpeisingdhe stippsostt t e to and having a

strength | ess than that .of saiﬁ first netic fi eil d, the strength of the
.second magnetic Fiel d2ERVING QRS FAVYLRNS ggﬂ}eomggqegp BYFE ZfISHHRMOR of t he
magneti ¢ r egia@idicOffield'€of OGBSI Cdited¥Eh mnhm;g dudhidiBht | F@m?té' rst,

el evated tenperature equal to or greater than T, but 1nsu cient to alter
t he al i gAnesibstantialhe maize cthe ayagnetic oftate hef’ thegmegnetic layyebyvpren t he -

latter is af;. | ower. tenperature below T.; iii. selectively

i ncr easi ng %lfﬁ&l@%ﬁ%g&gﬂ?%’eg? repIggt %‘W\éd plurality of 15 selected _
portions of the ffagneapslyingeihd MagheticAaidr alech ufoiRShagiticHead val while
appl ying the_second magnetic field to the magnetic |ayer, thereby

“sel ecti vel yoh sesomd flixeRBonappRsite do #nd dwamingta strengtielesagrotthat ofegihns of t he
d ' : | f i c | ;] V.
Por m nat i ng b arienic el eSO REofls mAlhelIE AR béipg, Bhignt v et

| ayer aflDer tecaltepltied alignnodnt oF @ migneticadgions oL ORI hagetibeayeatiRrnRd plurality
of selected portions of the magnetic |ayer to a tenperature below T,.

Accordi ng t BUEhibd rfedie sevaled [smpseature; apuahttoory, eresterptiencTndt nagnetic
- medi um conpdssftidht 95 SHe 1ﬁ1H%?ﬁt I | ipnal or .25

per pendi cul arS naglgnet?c%i&r?g?ge?g?%g ay({ef‘?tlhgorﬂ |e§8(58§gh%lr¢géﬁ (I)rilag(r)lf’t’cel enent s

- sel ect ed fr burePeherGhe IMiter iCnt,a ssochd®lovaerderpetange Beldw, T.on t he order of about

300 C. According.to yet another aspect of the present inventjon, a system
for formng a rrgbnet ¥§'eﬂ%¥t¢ /ﬁ"ﬁ?&?‘ﬁg&e&ﬁ"’gf’w‘gﬁéf%ﬁﬁ“?’@?‘*Plébaélty AEdi um

having a5 3leaéd poARKs FTARE th£2nEBE Myt | R8BSR« 35396
PCT/ US00/ 30717 1? rreaﬁs for a%& yi ng}ﬁéari?raaglgj?%at%ilE ggﬁ?g%d&t%ge%%ﬁ’%{etic

"recording | ¥de appdxingighe secoride magnpter dield ¢o (the)magrietib lagersubatiant i al |y
above room selectively altering the magnetic alignment of the magnetic regions of the
patterned plurality of selected portions of the magnetic layer;
iv. terminating application of the second magnetic field to the
20 magnetic layer after completion of step iii.; and
v. cooling the patterned plurality of selected portions of the
magnetic layer to a temperature below T,.
According to embodiments of the present invention, the patterned
magnetic medium comprises a disk-shaped substrate and a longitudinal or
25 perpendicular magnetic recording layer comprised of an alloy of elements
selected from Fe, Co, Ni, Cr, and Pt and having a T, on the order of about 300
°C.
According to yet another aspect of the present invention, a system for

forming a magnetic data/information storage and retrieval medium having a

30 patterned magnetic recording layer comprises:



tenperature; and neans for formng a nmagnetic pattern in. said nagnetic

| ayer bwobi/zs3dectively increasing the tenperature of a SREEESMWFOPMural ity
of portions of the magnetic |ayer toldt least T. for a desired interval.
According to enbodi ments of the present invention, the neans for applying
a magnetic fiel d meanshior rapghing @ magnstigi fig)d| taye magsafie ireeosdingda¥ar neans

f | . . . f . f . ] . .. . h . 10 )
2 st rongt h SRR Bk, el Sych, 16 S LA 3R 00 1O

when the | akmpérate;ainda first, elevated tenperature at or above Tc but
insufficient to alter _the magnetic state of the nggnetic,l? er when the
latter is at a seBedy, farofaming anpwenstisy B2kl fald B3ENFGe MY for

formng the JRAHGLY Sdelsiel fhe trtflr fofy SAEUEd pMFaIRYSE GYrtRANGE thel OF

selectively 1 ncreasing t sel ec Ity of portions of the
magnet i ¢ | aymagretic daytee tpatriedstiTe foyfa dEsiredvintearbalve.  Addi ti onal advant ages and

aspects of the present, i nventjop w || econe readi ly apparent t.o those
skilled in the arfc$ ttﬂee‘Ph‘P‘BWﬁg”fdg\ea?rleﬁﬁ't 18%?%%’ eomeawng ein

enbodi ments g l}tiﬁg aRhSSRAE fiely ?@Eﬂ&ﬂa@r{eﬁc%@éﬁ?ﬂir@ﬂ(ﬂ?e rise@ehaghétnpl y by
way of illustration of”the best node contenplated tor 20 practicing the
present i nvemearsrfor Applyingla uwéfodmavagnotic fiekdef pdasreddireetionmnddiving  capabl e

of oth d diff enbodi ment ' o1 3]
suscept | Do, broRgd FESERGR ke i radieoasie SEF elisnbd Pl pREf e,
departing fra.ge {she asist, elevaled thifipdtamseatt or dboee Tl ®at indaffiviehit nghiter t he -

drawi ng and description are to be regarded as illustrative jn nature, and
not as |imi tteinagneds sBiR eithemsmreta jaykr wher e IBaseNt3 serend: doWewi ng -

detail ed desgription of, an-—e i el | 2. begkmbe
under st ood V\ﬁe | Faé'%g ?ﬁo‘gogj?’:%g itgér?q{\}\?a?‘% {OEefobg O\t}\l/?érjlgn%?lgt\?\nc ﬁgs,m i n which
the various fiehidds s ralifiveOtnergy asarei foy stavimelyoinsmabiaghbtht seldchedr are:
drawn as to best illustrate the pertinent features, a i n.which |ike

ref erencdS 3plugalitk pEPQtigREckis mARBE!IG IRY UG ASTIPHEMIRST [rift%YS-ke f eat ur es,
wherein: WO 01/ 35i%§it§b§ai°%(/&§9&|/s39r7d1 TspdchGoofLtteS presshtMRiviehii@f! , wisichermat i ¢
0 ar

cross-sectional view an exenp y apparatus for practici ng t he net hod of
the present benoerticadily appirdtt @ th@sé skiledimtbk iafti feam the fdlowing dgipilad vi ew of a

magnet asse”ﬁé&éﬁ%on,t \ggergglpgrrnggéﬁle%s ('):tl %e ;';Lfesent invention are shown and -
described, simply by way of illustration of the best mode contemplated for
20 practicing the present inivention. As will be described, the present invention is -
capable .of other and different embodiments, and its several details are
susceptible of modification in various obvious respects, all without departing
from the spirit of the present invention. Accordingly, the drawing and

description are to be regarded as illustrative in nature, and not as limitative.

25 BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of an embodiment of the invention
can best be understood when read in conjunction with the following drawings,
in which the various features are not necessarily drawn to scale but rather are
drawn as to best illustrate the pertinent features, and in which like reference

30 numerals are employed throughout to designate like features, wherein:




5 DESCRINB'IHIQQ!QQZ THE | NVENTI ON The present invention has?ﬁ:g@@g}s&_)#gci pal

aim provision of a sinple, conveniep, and reliable nme rm ng
magnetic patterns within the surfaces of magnetic recording |ayers, for
use in manuf act ugg i - dj LEv.dat a/ i nfornption
recordi ng, stor agie@'glng zggﬁllﬁ@gg’l Scrﬁ%g?%éjk%rgs'g%?%ﬁée]r‘g?‘?éﬁ/%ef‘ﬁmg ent i onal
di sk drive sppziated fogpraciivimhguhe alethud\ofitheprastat irsention;patt erns formed by the
i nventive method L(gg% The present. invention, relies |argely upon

t echni ques, net hotdi é§€§}m&h€e¢ sehematicrrlap visve of auppgnet pgsembly 1of zed (or
nodi fied acqRrgpadnis®fFig. {equirements of the present invention) in the
manuf acture of nagnetic nedia. The invention also has, as a principal aim

15 provision of inproved high areal recording density patterned nagnetic

dat a/ i nf 8r WDES&N%@N@F@H%SHWEEEI@Nd retrieval nedia, e.g., hard disks,
whi ch can be ma fact-urted att.a ost conpatible with.that .of .copventi onal

magnetic medi a. F.é’r%sFEsH‘HFn?%@ iaﬁﬁ‘}%’% &My BERYISIPR Ofl 2Bl v t hat

formation otonv2fieht, odhdpadliaBlenméiodnidr i AR HALAGE PREGR! WimBdhe can be
acconplished _according to a method which i's substantially free of the

above- descr F&ases @f JnEnsHe Jeesdingdayerawiaciss iof manefaetting chigh stdabsed i n

co- pendi ng : g icCat | jal ... 09/ 130, 657, of .Kuo. The

i nventive mtétcﬁ{)dé%$gé§s@&c%gg “ef&%lé‘{laﬁer &{rgﬁilgb%%ﬁg&cﬁnéeﬂetrﬁ’ ab‘@?ﬁ’é‘ﬁ@f cul ar
recordi 1§ nmeperatiamavithoogviestenal diskndfieasdcholoBby, ARITPAICH Ha§ iaélulide pattern
of sel ectivel%heated fportions of the magnetic layer to at |least the Curie
t enper at ur e S{YB)patiemg formeds by dhe, apvantivye methodpingyh TR eprasegh inviestiomt er i al
under goes a ffaa LGl an: ' q i i N = inite) to
par amagnet | Soneg gt ARhitAidep nenBeIBEREY' i fhrherfatiisy ey "Ly cdent

i nventi on dififizads(or modfsedraccaidingets pheteqhirame®d of irtpredentinoentivn) it t he

| ower heati ter{@eraturfes of .t he Jaﬁler necessi tgt es reliance upon a
reduction i ACBEIHERGRRE P magnels My The mygntiorn alse Bammane prircipg amy 35396 13

PCT/ USOQ’530 piokisidth aste impRivBE T hikhafked hedh@he hgalsiY &tf‘egﬁ’e%' Fhddhetic .
facilitati n% utilization of a "transition bgtween Vo distin magneti c
phases (i . eSatafipformawemescouding, gtorgggranduerieval anetlig a5, hard/Misks,sydch f i cal |y,

e et i BE SR 51 YRR RuRESSRRE o8 o2 SRl et © (P

media.

The present invention is based upon the discovery that formation of

20 high pattern definition patterned magnetic media can be accomplished

according to a method which is substantially free of the above-described

disadvantages and drawbacks of the method disclosed in co-pending U.S.

patent application Serial No. 09/130,657 of Kuo. The inventive methodology

can be applied to longitudinal or perpendicular recording media and comprises

25  increasing the temperature of the pattern of selectively heated portions of the

magnetic layer to at least the Curie temperature (T), i.e., the temperature at

which the magnetic material undergoes a phase transition from

ferromagnetism (i.e., H. is finite) to paramagnetism (i.e., Hc = 0). In this

regard, the method of the present invention differs in essential respect from

30 that of Kuo in that the lower heating temperatures of the latter necessitates

reliance upon a reduction in coercivity (H:) within a single ferromagnetic



in achieving sharp transitions between patterned and non ?l%s%% areas of
t he mag¥@PH¥3B94 m | eadi ng to hi gh pat(ﬁi grn resol ution: )P%% hrent of

the magnetic grains or regions- according to the present i nventi on,

pre-alignnment of t ai.ns or reqions of the tlcfllmor
| ayer is peP;‘%ﬁenéﬁHffyH‘gg bbgg‘ggilf’%t%ﬁ Hﬁ@q é&ﬁ tatwge'ﬁtélf?ngn%ﬁe? orm high:
strengt h DCyaRARGH | Kerktdl Gwb Sd@rm&lﬁd%ﬁe@ict Prass!r(f.a¢ epbmbfiteticnaghet ic film
or layer along the easy axis of magnetization of the magnetic filmor

| ayer. The P@amagnetid phasésdl d applied during this step nust be of a

ayer at 15 nor mYOF U DA Re Peaaray B Pl el M TRIRE LA RERL o8 o) i1

order to s agimifatao hdt F Kuoewithghe following udsmdmlonmemgtafe@fmmet he
applied magnetic field should be at |east about 20% hi than.H, and is

typically i mﬂtahhzleYlaﬁ@éarpoﬁaﬂsﬂtéﬁﬂsahfé‘ti?eMp%tE‘?”éﬁS‘oiﬁd BoR-p '“’t aeas8fcivity of
the magneti of netals selected fromthe
group consi gt['él%taglj(;) ﬁl‘—mqu%im%ﬁ) hl@%&;%‘h %ngt% is essential that the
magnetic field cqver tHTe-aagﬁmem afuthé acapnefic gi'ams aaggmniscactcaycbngm fi Im -

during its rll)pl I cati.on, and, I onﬁgi@{ di nal r.ecordin eh
direction ofiNg RESSENSHNYSoRy P"ﬁ HF’e ° Enele SEIGh Y 198 HaE Hr B’fmf erenti al

di rectiofy é@onlgﬁc\’ B r TR P%ﬁ&fd‘rh%h% §#Q§@£lﬂ€iﬂ{edt'®®€fa§é"r RibREEiA he
magnetic 2 e-al 1 gnnert step descrl above, a uniform magnetic field
of directiom wmiforpolhagh Btyengpip@ﬁ maghetic ﬁalﬁ xsfapphed o éleamr&w tthersgnet i c
field ("reverse hi

d b _
| ower than Hﬁ?gnr‘?g‘é?%‘?‘h‘gﬂgygl ﬂon% *Pe?i‘é% ﬁz’%’%e‘? s:{\ggntf | can?tr{gcﬁ%g CLS 01(ca the

magnet i zat i qfipPbr id3Rr. nﬁﬁ:”ﬁt' fagheticefidldlapplied hemi@gﬁehtep rhiidtrbeosf b ayer
occurs. For exanplé, for magnetic 30 materials havin subst nt lally

const ant sqmagtb§sbsxantuély ountheDC copreivity of the mag diimy ¢f P}‘Fé a|temanent
magneti zation M, divid €. gat t b angd S* is
caual t oft napiph it ety St baR 1 RO, OLu Bt

PCT/ US00/ 307a1;17hevlsl&)ffecﬁﬁenﬁagﬁatbg§dnux@ﬁoﬁ HEhe steangtts of ﬂmgam:thed thagrleticcan be set

to be bel ow, but c¢lose to, that ythefol formula: H~
N b1 Fe - el copid AR R toost Roan A pSEeAEPL A as et BUPTle (Bef v -
magnet i zat i off  SHYLEIR to abbut™ times the coercivity of the magnetic material, e.g., a"

magnetic alloy of metals selected from the group consisting of Fe, Co, Ni, Cr,

20 and Pt. It is essential that the magnetic field cover the entire surface of the
magnetic layer or film during its application, and, for longitudinal recording -
media, the direction of the applied alignment ficld must be along the
circumferential direction.

(2)  Reverse magnetic field- subsequent to performing the magnetic

25 pre-alignment step described above, a uniform magnetic field of direction or
polarity opposite to that of the pre-alignment magnetic field ("reverse bias
magnetic field”) and of lower strength set to be lower than but near the field
strength before significant lowering of the magnetization of the magnetic
material of the magnetic film or layer occurs. For example, for magnetic

30 materials having substantially constant squareness values S and S* (where S is
equal to the remanent magnetization M, divided by the saturation

magnetization M, and $* is equal to the remanent coercivity H; divided by.




remane i zation; and subscript O = zero applied neti Leld. The
reverse%ﬂg&g%?%c field is utilized fojgaltering the ali gﬁ?fgﬁ'{so@ﬁ-ﬁlﬁe
magneti ¢ donmains or regions of a pattern of selectively heated portions of
the magnetjyg fipl sk . ~he i nventive process
sequence. 1%8( 3§h ge’%é%%ﬁ/ feg){rrlmo v‘#gegne |(£:nc;§§i§eg%la ?g?tn{a ?Faé??@f”i’ @’ugatter ns
are gener atlest tojthahdeteraginat by thei fbllowingl fapmiilaby sel ectivel y changi ng the
magneti ¢ phase of selected portions thereof (formng a desired pattern)

froma ferromagnetic phase, ng”l ﬁ fl! Bit H, , to a paranagnetic phase,
with H =0, by rapidly heatings eted portions by nmeans of

absorption of radiative 15 ene(quy/dH)Qm0 @MY, i ntensity source, e.g., a
| aser, such as a continuous wave |aser with’ a beam nodul ated i nto short

pul ses of a pul swhetedder coereivisy €Oe); dh = rhagnetisationolemuémmd); Mon beam sour ce.
For exanple, with conventional .thin . film. magnetic ia conpLi.sing

magnetic al | oy nBL&r" ﬁ1?%9?8?@69%6“%@%@%@1’éﬁ’ioea(?pﬂg‘?m?gﬁ Ige, "Co, Ni,
Cr, and Pt, the radiative energy source nust be of 20 sufficient energy to

rapi dly i ncTeagsevdrie magnedt efielpast alied Ofort MeeriR0 AR ahghrhéAd of fgen r oom
terrperatureméi .e,, fromabout 18 to about 25 C) to a Curie tenperature
(Ta) on t heM3gRRdic domaing,on regivns pf apatiemaefi setastively hepted oviang of ket ed
portions c . projected image utilizing,
00, phot o PETARTIAL g B b hB ot B R e P RS BB i £y 25

i magi ng 106r near - {3)el dGeaeration W magretic hage pateths athghate haltéms agxanpl e,
provi di ng short \?/Fvel engt h E),ul es of about 10 ns duration) as the radiative
energy sour €73t ghihedhagnete flmsorelayer by srlectively ehpnging:the magaetihe surface

of the n'aggl;?is.lecof %\éfc&e@aBpkﬁn?cdﬂkﬁ}ﬂ?gﬁf%iggsﬁ ecﬁés;r)é@epaiféﬁrggiﬁ%%\ of the
fi

surface or sequential "inmaging o e surface are the magnetic
| ayer. Wenfatemagoetiepiase.avith e fite thetoseparahaghepiophasensvithfH {6, tyagnet i ¢

| ayer reaches.at | east the WO Q1/ 35396, PCT/ US 30717. 15 Curjie tenperature
(sz) of theraﬁé(ﬁ i‘beﬁf}% ‘f’r%&ﬁ‘@ﬁeg RATEERS By meRnsi ehePseratiL of Jadiative | gpt he
case of 1§onumsiby Goal aftesH RIBBRY sbErcERE. 8, aahﬁs?e%,ds@h'a@yaseor&i%ﬁo&s%?@é vity (He)

of the selected portions becones zero and the nagnetic nmaterial thereat
under goes alasercwih -2obetiar meidulaeed: ingnshart pulsés ona ipsised laserramelgotedri ¢ t o bei ng

5 2 aeanehL 58 SSSIHERF okl PR, oSG RS o L1
or magnetic media comprising magnetic alloy materials including metals selected
from among Fe, Co, Ni, Cr, and Pt, the radiative energy source must be of
20  sufficient energy to rapidly increase the selected portions of the magnetic film
from room temperature (i.e., from about 18 to about 25 °C) to a Curie
temperature (Tc) on the order of about 300 °C. The pattern of selectively
heated portions can be generated by use of a focused, projected image
utilizing, e.g., photolithographic techniques, or by use of contact/proximity
25 imaging or near-field techniques utilizing a pulsed laser (for example,
providing short wavelength pulses of about 10 ns duration) as the radiative
energy source. In any case, transfer of the desired pattern to the surface of the
magnetic layer can be achieved by raster-type scanning of the surface or by

- sequential imaging of discrete surface areas of the magnetic layer. When the

30 temperature of the selected portions of the magnetic layer reaches at least the



areas within a conplenentary |arger area pattern of a pre-aligned

ferr omaggelyssips! m or layer. In the presence of the revermsx/is@@soriagneti c
field (described supra), the thus-prdduced pattern of heated paranmagnetic
portions 10 of the magnetic filmor |ayer beconme nagnetically oriented
accor di ng t oCarfietentperaturei(Ty) offthd patieyipt naghetie neatardal piypicalin gbaiti300f i el d,
whereas the unheated, ferromagnetic areas of the netic filmor |ayer
are unaf f ect &d! © £ of G%Yenng?‘g_é‘ﬁ‘_@?’ﬁag'ﬁ@}éF%"éalﬂ?aég‘{%ﬁ’e*’f’8°‘T‘rF’é(I‘té1 . (4) The
t hus-f or med gﬁ BE HieCsepAREPdrtiBRS bddoRies Refd S the Snideh8 nyfétial Yoerbat rapi dly
cooling the pattern of selectively heated portions of the magnetic filmor
| ayer to a twnideegoes arsecdydrandeiTphask drapsitiom fioac heing fernemagsietic tedeingor t i ons

form ng the magnetic phase pattern returns.to the,ferrq ti tate, at
whi ch i md (FEARAGRGEET A5 A ORHIERSE ¢ B o Klcg d\ BPttiegs of e, o
magnetic filpugdeticaMB] oh diieh GesiREO Melal pattdABf ParailaphdtichAle partieagnaetic 20
alignment or orientation opposite that of the surrounding (i.e., bulk)
areas. Typiaass ywithine aseommlerensanyt ilangsr ofreg hpattgsanefi 8 dre-ahigned| ayer cool
down from the Tc tQ.reomt e re ' nd/ tion.
tovever .t netorpppendty FTY BIREIEH fekhedBLURTELAM BAC nle R AUE" 0.

transfer meagies@ived sup%)thb @his-srodiicedrpatictiesf hsatdd prgamegiesic pdnticiise
above-descri bed process can be used for formn

5 g magnetic patterns in the
surfaces 18 @foths magnghie fdm ) lpyerhegome magagligaly qricated acge'f‘ﬁ%tﬂ ts arly)
orient ed .rmgﬁliﬁéc'tignfdfl tﬂ@'apﬁii&f‘? Veh® bin@ARlchb@N iRl GviteddsNBE Uiheatdd,l r ansition
of magnetic phase (1.€e., rom?erromagne I c to paramagnetic, and vice
versa) rat hefenohmgnétic areah 61 the emagaetic fibn or 1w etei wraffieoted dydbs lawercoercivity
30 within a si ngl e Phaseq t he gro qas Is essentially free fromthe _

di sadvant age¥{rastheyerse bias magp t?fn%e Tom the conconitant decrease in

ani sotropy constaggy K Tﬁéthxﬁ-fﬁﬁﬁbﬁ?ﬂﬂ%ﬁgﬁ, hi&Y tarsiRmpatteANSI préRRvedar e
possi bl e according’to the inventive Of/ 35396 PCT/USCO 30717 16

met hodol d§y, bamapidlyi qooling itlee pattpme of selpetively beatets pertions pf theempgralichy t he
Curie tenpeLatur Ta) isoth LNs of, 4L t] Jre&im e - _
di stributi on,f’-’ﬁfl hoée]a&gqgﬂ ?et%ié“ﬁ éamgﬁ e:li@g?l} Exfhgge%gﬁlgr%‘%fpower ebrse?etacgdl Ity can
be | ess denmapettiogs fdiming the endphedepltash pattdin tg10ms a0 ereClexrotpgndierate,(i . .,

reduction) wthin a single 5 nagnetic phase. )
) at which time %’le magnetlcg pattern Eonmsts of selected portions of the

magnetic film or layer having magnetic domains which have a magnetic

20 alignment or orientation opposite that of the surrounding (i.e., bulk) areas.
Typically, the selected portions of the magnetic film or layer cool down from
the T, to room temperature by convection and/or conduction. However, the
cooling rate can be enhanced by providing an active heat transfer means such
as a heat sink or other cooling means. '

25 The above-described process can be used for forming magnetic
pattems in the surfaces of both longitudinally and vertically (i.e.,
perpendicularly) oriented magnetic films. Since the transitions are defined by
a transition of magnetic phase (i.e., from ferromagnetic to paramagnetic, and
vice versa) rather than by a difference (i.e., reduction/increase) in coercivity

30 within a single phase, the process is essentially free from the disadvantageous
effects resulting from the concomitant decrease in anisotropy constant K,. As

a consequence, very sharp transitions are possible according to the inventive




Referri o FIG 1, shown therein is a sinplified, éﬁgﬁ) .

Cross- sg@tdl]%\r%%* view of an exenpl ary hgns-projection typ}C . @H?c‘?pat t ern-
form ng system 10 according to an enbodi nent of tge pr esent mvegtl(on Asa
i 11 ustratedy, 1 ok radi e e.g.

pul sed 10°| BEERSORRY. the AFRE LieMeBnaR s daflin bR GlKE pEIRERUGE, 7o he
radi ative etempgyatulz @) asothenincinsichd of thé Ieﬁn&ntenigératﬁrﬁl dibtyibutien,epse t he
tenperature of.sel ecte sur ace areas 4S of, a th| n-filmm netlc medi um 4,

e.g., in thEPBPRETF °§q€ﬁe§ pulse £RergyPORSE siabiline caft bolessdpmandingthanr i e
tenper at ur eteTprocts bved rﬂ%huéﬁeréwﬁy ’chaﬁ% Piica! }éﬁugﬂoﬁ hﬁntﬁ §r31 élF at | east

about 300 "C for transition netal -based ferromagn tic nms. The
f ocussed3r aiagp¢ticcphaser gy 2 is then directed by means of Iens 3 through a

tt d k 5 r.respon neti ¢ pattern desired to be
Pgr rrgtrj)neangagntoRt%ﬁgng%lrg’& g%l%gﬁrfaégo‘gp Erelfsl%f‘ S’W&gﬁé@’l schgmalic4 by neans
of projecti orpst-8dtfiofal MedKoOan BRéHFIRSy %@E}Wﬁectf&m @Smﬁ 1c3ﬁ9 antially

bl ock transm ssion of radiative energy from source
| while thefermipg pw@ntlﬂra@gmdm tofant mbwdamlcn@ib@pmrcsent meation/eAenergy 2 to

ass theret t ranspar ons mask, 5 fonn an

Pmage of thgiﬁgggépelggﬁhnpgg pa fePh e, de &1§{I¥%?9F§¥¥?ﬁ%g > BRMSES n, whi ch
i s proj dét ethsky ahe rasroa;s@m@%&dm 350€le2 Gl 1els) U §ngyg®1ﬁg afsSradiatiof ehdtgy Magnetic
disk 4. 25 Referring also to the plan view of i n order o transfer

the desired HefhdlFesiyatufbieient & raadla wkrogsn thec temperatureont selectedt i ¢ fi el d

7 h [ &, e arto
estg\t;: Pghgds%y\i/‘éee;e%{r{?esqtssur%{hmﬁ %%ﬁ%&ﬁ@?ﬁn& Rﬁe §k"hﬁ%eﬁf)%é’ﬁa&§]%s 8 and 9
of hor seshote shapperatuet atbr abmgnde Olihertegiplefﬂnﬁé (1Y) pRdheaheding, ¢ent rol

stem 12. cribed 30 above, the strength of the uni f or m di recti on
rsnggnet ic fi @fpdca(;@a%’bltﬁ%(fr&ie? g deasis abqus 3005C tfap treagHen irectal-based, | s

suffi ci st Fardfigletic MinANARAThOMEGleathabiife ARIPILLGHLLHONS g domains

of the magnetic in-film The nagnetic
PCTI USOO BOWDS of lengtIatheougiya pottemned task So(oghesﬂmdmgmethe andgnetied 7 such

that each r e of. t he ma netic th| mt hereof iIs exposed to
t he magnet i @gﬁ‘tel‘gl ic rr&n{P b, formed) 3, ortgy ﬁec? 461‘“ fecec Aregs 45, ef magnet i c

regions or giaghétic dakbs Bl heagd o'frbrofe@ﬁodj?e?isr@dl\ﬁkﬁ & ihdiles [¢JfaqiRINEt i C
disk 4 can ll?eegugl%tt%gte Sublstr&]mgal?yogltolcl?lilrca)lgssmlssmn of radiative energy 2 (e.g., laser
20 light) from source 1 while the transparent regions of the mask 5 permit
radiative energy 2 to pass therethrough. The opaque and transparent regions of
mask 5 form an image of the desired magnetic pattern, e.g., a formatting
pattern, which is projected by lens 6 onto the selected surface areas 4S of the
magnetic disk 4.
25 Referring also to the plan view of FIG. 2, in order to transfer the
desired magnetic patter to the disk surface, a strong magnetic field 7 having a
uniform direction (indicated by the arrows in FIG. 1) is established over the
surface of the magnetic disk 4 between poles 8 and 9 of horseshoe-shaped
electromagnet 11 regulated by patterning control system 12. As described
30  above, the strength of the uniform direction magnetic field 7 applied over the

surface of the magnetic disk 4 is sufficient to result in pre-alignment of the

magnetic regions or domains of the magnetic thin-film. The magnetic disk 4 is



5 fashion while being exposed to the magnetic field 7, or the disk may be
rot at ed wo ou/as3sscret e steps until all pgrtions of the sur fREIEUINBIEDT have
been exposed to the magnetic field 7 At er pre-alignnent of the magnetic
regions or grains of the magnetic disk 4 is conpleted, the patterning

control systretatetibyanotor a3 throngh thegnagnetic figld 7 swhdhateach mdiad pegmentpagnet i ¢

field 7 and eduction ii-n e.fiLel t I | S .
sufficient tog té? f'éafgnf%é;tﬁépi%ﬁ]n{ahﬁke%gﬁsfe%ég%géﬁet@?é& gelfgrﬁsem;?c%}- eiillﬁns when
the latter darnal safficine¥at &dh tofnipenakhétic wgioak or @rains gy bankgnedhan t he
Curie tenperature (Ta) of the particul ar magnetic thin-filmmaterial, but

is insuffidhedesirg dirgction; e apagpehie skt canebedpldted B 2 SOPERRYS, grai ns
wh th 5 . ' T .
en the d tha{g&fgvhhg Rgﬁlg g@g&gg& ﬁfetﬂéfgnt&ﬁ!: Gldh, Ac%ﬁmdctfdlﬁ@ﬁxfaﬁ bekéigtegat t ern

fromthe ma surface areas magnetic disk 4, the
patt er ni ng danliscodte steps emtil dPpatibpsef theesurfasktharedf hiree betnkexposedHat t he mask

pattern can pe projec onto the appropriate area of the disk. The
pat t er ni ng égﬁP}aSPétg:yé‘ﬁgﬁ] 12 then activates radiative energy source 1 to

optically proj eCtAﬁQiprgﬁatli?ﬁﬁl@nﬂ OPHE nbneti RegidiR ot \Wrhias of Bfe mbgngi@gnet i c
disk 4. The intensity of the focussed Tadiative energy 2 squlled by the
conbi nat i on disk #hecompleted the atterninyg senirad systemni® effasts 4 sevges iytheens 3 (and

6) is suffici.ent. to.jncreas he 1 enper at ur.e of Lrradiate el ect ed
surf ace L{) eadr4 O%Pfh"?é“?ﬁ“?ﬁc &iSﬁa-; ?@%Eefadtélf{ﬂ?'émetaégﬁ%q%{eggg tgraeIgY%r than T,,
of the magneyhiehtifishfficidntto Bier tiRMAladmidn ©f Ahe hixgnewd el Gbgminsf ace ar eas
4S may be reqgqulated by, inter alia, choice of the particular  radiative

source 1 andwhemsthsolatter atst putn elevated dpraperalire £qwal 8T Brepisr than thei ve

f 1 ' I :0r - ab .
Tas o vasite i UL ol Ine BoREARS ApleRC O ARE nEm ORI Gt

osur I ative energy, ﬁe | ower
strength, pakifficiehhe aegneé bligrimet @f Thappinaid regiohdhor gmihsuwhagutheace by

el ectromagnet 11 30 selectively re-aligns the orientation of e magnetic
regi ons 6?_ glelFmis abf temBeTalEs B?)_E’%(chs JP&EP@*"'&?‘%@“&@, _ Pﬁ’etﬂﬁé‘fatsg nPng _
magnetic fiehd (SftRBShiTalSirbd 48 SSHESCAE Ak 4, ond Pa@dhiisg coltfol@pitemt ati on at
t he unheated surface areas. Upon WO 01/ 35396 PCT/US00/ 30717 18 cessation

of radiativelzakggyths disklapd the mhsk ethetthednaskpatiers can baprassted priol at t er
e L0 2, SRt el P e Bt EOEHE bR AR ST
I'S activates radiative energy source 1 to optically project the pattern image onto - '
20 the surface of the magnetic disk 4. The intensity of the focussed radiative -
energy 2 supplied by the combination of the radiative energy source 1 and the
focussing lens 3 (and 6) is sufficient to increase the temperature of the .
irradiated selected surface areas 4S of the disk to a temperature equal to or
greater than T. of the magnetic thin-film. The temperature of the selected
25 surface areas 4S may be regulated by, inter alia, choice of the particular
radiative source 1 and its power output, and duration of exposure to radiative
energy from source 1. While the selected surface areas 48 are at or above T, as
a result of the selective exposure to radiative energy, the lower strength, .
patterning magnetic field 7 applied to the medium surface by electromagnet 11
30 selectively re-aligns the orientation of the magnetic regions or grains of the
selected surface areas 4S, the patterning magnetic field strength being

insufficient to re-align the orientation at the unheated surface areas. Upon




preserved in the surface of the magnetic thin-filmlayer_of the disk. 5
Aft er MWRO0MIS36 pattern has been tranfg erred to the sel eRSdVEY®FITEd  areas
4S of the disk 4, the patterning control system 12 re-positions the disk in

order to permt pattern transfer to other portiagns of t i sk surface.
‘Alternati v‘éqs§ﬁt‘°f‘r?3 rﬂtﬁgw%erteggy E}B’pﬁ%@p&is{ﬂiegﬁg&‘,‘&g&e Hﬁaﬁﬁdge _ftaﬁt,ert 0 proj ect
the mask patfigfwedofo &obi doRmer vERM MQN eQ, biiecdiidiéict) donveetioh) The type

of mask 5 utilized in various inplenmentations” of the inventive methodol ogy
‘depends, i eambinations, theveof,ny hyneginie heap transfen, and 4be magnetiy pattefnds t he nat ure

of the radiative,ener sour. 2. For ex I i tem 10 utilizing an
ultra-viol E'Ees'fwwlbnt%F géﬁf%ﬁei ngﬁ%ﬁ]égxb?j?cstﬁﬁ% %,yeli &etgf)éilsfcér n mask 5 can ge
WV-trangparent afles ithéntisk altern RAbEcH) trivisfdiradatd tHensdl@ddd egsostdr med 15 in
a 2-4 tmthick photographic enmulsion, which features may be forned in the
enul si on bgreas égeﬁfhf distot.ahe paibgriagioptrelesysismyl e c-posiaisihe diskly | t he mask
may utiliz 0Q_- .20 t.h cpat | : o]y ) Ly on oxide on
a yUV-t rangf)%F ét?])t g%lgté)agtteé? th'r?g};eadf&t iotlt)l{r;é? é’éﬁuﬁggt elﬁlggn\(figlft isgfnfa%:é(:)nt enpl at es
the use of Adtematieclyatheahysk 20ambe rargositioned, enby gyots01d,aeprajectstheh as

| asers, pulsed |asers, high-intensit |, anps_such as UV | anps, el ectron
beam and P¥sKpatsMm s R H EEC“EP@‘EHSfé@d(’ﬁk surfdes-at i ve energy source for use

in a pafticul ar plincat.} eRe e pagr},, s Su t he
desi re?oroattern@gséllpgt Fgﬁﬂ%s%dgt Egﬁ%éeaeclf(t oéﬁg’\k/l?)ilg{ e g‘?g{?‘?n%ugb tg‘ﬁanges in
t he di sk t havenfivé mahcicdogy depehils)gardrhdice @n. thE&emagreetik ypattsino fdature 25

wavel engt h Iisght ources pr.ovi de .greater re-so#ntﬂ;ion buf incur a greater
/el | hooa SBE ek epige R e TAGRRTS Gers FPUT fn i GROMP N CHESRG ¢ her eon.
For  exanpl1@,utidRingCarPulfBRGHEY("UND) radistiVe shREyCRUPRY2, RhO¥AESn tdRSi T ed

i

pattern feature resolution, It may possibly increase the risk of damage to
the wear SeginsheadV-transparsnt gubpiritaded., pquaries withepasigor teatired foymedt ypi cal |y

vl onbh P Pegh R PO URE 3BT -4148s SERI teOMBHED B 5 gon

l'aser oper auldon byt ﬂ@nc%?&%ﬂo{oﬁﬂio%&phf@técﬂﬁqﬁ&f AltFRANVERS, ItRE SnaskUr ther, in

ot her inplenentations of the inventive nethodol ogy, utilization of a
cont act patreay wiilirg 2akQ08n9Re ik thickatdating ofishromiemi(Chusstiren @dde on a

UV-transparent substrate.
In addition, while the invention contemplates the use of a wide variety
20 of radiative energy sources 2, such as lasers, pulsed lasers, high-intensity
lamps such as UV lamps, electron beam, and ion beam sources, the choice of
radiative energy source for use in a particular application depends on various
factors, such as the desired pattern resolution and the need to avoid deleterious
changes in the disk thin film and any coatings thereon. Generally, shorter
25 wavelength light sources provide greater resolution but incur a greater
likelihood of damage to the magnetic thin film and/or any coating thereon. For
example, while a mercury (Hg) light source may provide a desired pattern
feature resolution, it may possibly increase the risk of damage to the wear
resistant, carbon (C)-based protective overcoat layer typically applied to the

30 disk surface. In such event, a lower energy (i.e., longer wavelength) light



5 projection-type arrangenent, may be utilized. In such c ternin
ar r anger®@QO133e pattern mask 5 (or itfyequival ent) nay bgé%ﬂg@ggﬁ%n di regt

E:on'f)act vvithfthe Zurface of the disk 4, thereby allow ng the pattern inmge
o be transferred to the selected surf.ace eas 4S w thout .,requiring an
optical prof®ES 8H°}_§§}§taﬂ gPﬂﬁgﬁeflqpe@E‘H%?n Zﬁ%é’éﬁeﬁgﬁ%‘g?’ %3&hbetﬁ§+edi SE and
t he mask nayalgkgo};}eatél mul t aneously rotated during the patterning process;

and in yet other _enbodinments, the radiative source 2, pattern mask 5, and
| enses 3 and 6 nakurthes, riepptheedmplemeniatians o the Jayentivgpmethodaiogyi ve ener gy

source such .4, 0 - T LV t tﬂ‘tb:?
facilitates %ﬁ&?ncﬁégﬂﬁgﬁk ﬁgtélaunéigrrtﬁe%’ no:t’ogalﬂg% ?‘39 gh?r%pﬁ | e
oAU T o et il L Lh 1 br buahout . ot s ements. of

Wi e rou u requi f.enent
| ow ?:_os_t agt mg@alenhg}h@merﬂéaﬁﬁ( %ré%gé@gwy@l_enw&gg,p,lacegﬂg dingg nt'?o(rjl is”
not limte &vil ] ti ¢ ARER G tern or
arrangenent ; E%e{ erlh{kﬁggﬁ)%%f?g%dg?aé‘}%%ﬁggr ogf@lrgrggnet ?icnag%mgget terns or.
ar r angenent s trassferoets ital ehe cseleictedi surfdve @eds ¥Sowithpet pequiring anj oplisat i on. I n

t he previous description, numner ific d il f
speci fic mat BW%ﬂt‘g?%X?tF'ﬂc{'hft ot lﬁgﬁg‘g‘g}é'g#t%a%%gﬁi’ﬁ ?}%‘?56‘1 @’%fmﬁsgrr%%ders? gh *
provi de gob_eBE %muﬁﬂ%ﬁﬂﬁgwﬂaj Abrihfahd pageing PrRBési AMd foyevether t he

present 25 invention can be practiced without resorting to the details
speci fi cal | yembbdinfents; the tadiative spurce 31 pattess magle S, anth ispfcsp? sed8dndy

t echni ques have not en esari bed i etadl. 1 e _ cessaril
obscure the §F€§Bﬁfe4o Veht ‘ffﬁﬁydﬂ”?Pp elgprr glfile“r/é %38%%0(#%3{]% ggrh?he 4
present invemp{ddamedseeut a few exanples of its versatility are shown and
described in the present disclosure. It 30 s to be understood that the
present inventionThe bwpaibice msthedelogynthps, fagidatey Famdc GApYSRERE oA and
environ S | S. | oo bffl | ithin the
scope of Fhe ‘RheleBicay SRR OhcA0RITITRIRY, wORIL RN PR 166 20
PCT/ US00/ 307 hiagnb¥iaimedia 6 pradadt thsoughputirates baorgistent fvithnithey thaowghpnbt i ¢ -
pattern in a nmagnetic ata/informati,on st r%g%.and rFt{i e\ﬁl medi um
conprising t nglggeg)ﬁgtsoq - low-cost automated magnefic media manufacture. Moreover,

the invention is not limited to use in forming any particular type of magnetic

‘b

pattern or arrangement; rather the formation of all manner of magnetic
20 patterns or arrangements is considered within the ambit of the present
. invention.

In the previous description, numerous specific details are set forth,
such as specific materials, structures, processes, apparatus, etc., in order to
provide a better understanding of the present invention. However, the present

25 invention can be practiced without resorting to the details specifically set
forth. In other instances, well-known processing techniques have not been
described in detail in order not to unnecessarily obscure the present invention.

Only the preferred embodiments of the present invention and but a few
examples of its versatility are shown and described in the present disclosure. It

30 is to be understood that the present invention is capable of use in various other
combinations and environments and is susceptible of changes and/or

modifications within the scope of the inventive concepts as expressed herein.

0



(a) providing a magnetic nediumincluding a magnetic recordin | ayer
havi ngW0 8V¥B%ce, sai d magnetic recorgi ng | ayer conpri silfﬁjr’ﬁs'%%ﬁét ic 5
material having a Curie tenperature (zﬁa) substantially above room

tenperature; (b) applying to said nmagnetic layer a first uniform nagnetic

field of q Ii r.sg; di rait_i on and strength sufficient to substantially
uni form ze 15 & state thereof; 10 (c) applying to said nagnetic
| ayer a second uniformmagnetic field of a second:direction opposite to
and of |esser stkength dt jedit fosmingajag magnede HAl§AELINCG 2f MAagEctiCs o d

strength of ' : [ L8l L.n E’FJ | 'esg;s] te alter the
magneti c st%at%%{no?ﬁgag@gq%%e% }dg‘é aeygrlg?/digﬁr?’ %}m é%% gire '3 a fi rst,
el evat ed tenper afayr e gouialing @ ngnetie aedium indluding Umagnsicf fecoridary to al ter

15 said magnetic state of sai.d nagnetic Igyer when the latter is at a
second, | ovi@Yer Rayiser shiiacs, paif gnashetic repordig deer FRMPTISg 2 BBBREI he

t enper atcur . a‘%'ﬁﬁ;t n I r i on nBE1IS UL b of said
magnet iE:5 l:r?gﬂ;en?ié 1!lat eags)t éﬁl,ﬁgf g‘%hggétgg%rgd? ic)'jr?'zseaFrn\E/]allls,$ V\Izﬂ%g appl ying said
second magntemperaturej d to said magnetic |ayer, 20 thereby selectively

altering the magpetic state of said at. l.east gne selected portjon of said
magnetic | ayer; @’2) t S HEP ﬁ@'s‘iarﬁﬁqee&tlf’ﬁ’i aogrsgapﬁjo%weﬁ%&%hfi c field
to said magngt fifst |d%@ﬁo@fa53rstﬁ]8§i{ﬂl1ﬂfﬁ9@npftq Sshlﬁﬂar(tii)l' affortdide @0l i ng the

at | east one selected portion o e magnetic layer fo 25 a tenperature

bel ow T,. 2magmeticstattithgresdcording to claim 1, wherein: step (a) conprises
provi di a | ongj tudi naI1 or per gndi cu{.ar maga(r;et I C rrefli um Wnertei n said
magneti 1 ayer 1O confEBg B AT Magnstf e pyeqond Wiorm magredq " O
| 111 1 11 fkld dfld decH¥d Bikéctiod WppBsidd 1SHY ¥0iéssér sta?é‘ng'mﬂ{aﬂdhﬁwomi@ S

selected fromthe group consisting of Fe, Co, N, and Pt, 5 and Tc of
t he nmagnet i 8rsh| magnetis Hpldy Haid strenstbf ofiisaidt sswondcmagnetihdieldbtheing accor di ng
to claim 2, WaekG! {3 alter the magnetic state of said magnetic layer when the latter is at
a first, elevated temperature equal to or greater than T, but insufficient to alter
15  said magnetic state of said magnetic layer when the latter is at a second, lower
temperature below T;

(@) selectively increasing the temperature of at least one selected
portion of the surface area of said magnetic layer to at least T, for a desired
interval, while applying said second magnetic field to said magnetic layer,

20  thereby selectively altering the magnetic state of said at least one selected
portion of said magnetic layer;

(e) terminating application of said second magnetic field to said
magnetic layer after completion of step (d); and

® cooling the at least one selected portion of the magnetic layer to

25  atemperature below T..

2. The method according to claim 1, wherein:
step (a) comprises providing a longitudinal or perpendicular magnetic

medium wherein said magnetic layer is comprised of a magnetic alloy
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step (a) conprises providing a disk-shaped magnetic nediumincluding a
di sk- shape@1/3s3&t r at e supporting said gnetic | ayer. 4.
according to claiml1, wherein: step (8 conprises substantially
uni form zing the magnetic state of said magnetic_|ayer by, pre-aligning the
magnetic redPduling Fi‘&frt%léﬁ?le‘g?‘?f‘ﬁgl theBreRp %\‘HE%F‘B?H@FFOESB’I Npdraandfbrein: st ep
(b) conpkis ' FPBF WRe36@Pd first uniform

5 gﬁgﬁ%i’ ﬁ{e&%ﬂc boPls b th@%r

magnetic fi as a ghetitc d directed. along the easy axis of
magneti zation of said magnetic |ayer, the magnetic field strength of said
first 5 magnetic %i el dllizanethod atnording iatlaim grwherein: t han the DC coercivity

of the magnetic la at roomtemperature. and said fifst . ic field
is applied to tl‘?éﬁpy f?W%ﬁPP’éocv ‘ﬂgg a?ﬁ%’%ﬁ%‘g et 7@%‘%&1\%&1@ %ggi red
interval . 6.5 diflesiaptl obstaeuppatting aid nidgietlc layher ei n: step (c) conpri ses
appl ying said second uniformmagnetic field of direction opposite to said
first magnetic field at a strength which js_|ower than but close to that
where | owering of4the %ﬁé@PQ&?‘i%‘ﬁ%@Flﬁ@ﬂmﬂﬁ%ﬂ"é | ayer 5 occurs as the

tenperature of t %ﬁ@g@%&;ﬁsésaﬁﬁﬁaﬁﬁﬂgg@ffeﬁigﬁ§ thé makh&id RaBQFsaigcor ding to

claim6, wherein: conpri ses second uni form magnetic

field at a mignetgldyetiby preraliznihgithe niagnétid tegiing theeepfat i on f or . magnetic
materials with constant squareness (S) values: 5 HdMdH He - M

(dMdH)Hc - (dMdH o ere: H., = coercivity ( .. M = nmagnetization
(emu/mn 3); M 'enamﬁmﬁ’ﬁ‘@ﬂé“f‘f%&f‘gg%?]’aﬁﬁé’%%f'&ﬂ'i pt 0 = zero applied
magnetic field. Idd |(i%) lcomprises performing £ DG ldradel by |dpblyihg Ishid firstS *11 | ~~
WO 01/ 35396 PCT/ USO0/30717 22. 8. The method accordi n%?é o claiml,
wher ei n: st eynifoin roagnstic fiskd aswPEawpsrptictiicld difpriecielons thiy cagy g¥istdr ned
plurality magnetization of said magnetic layer, the magnetic field strength of said first

5 magnetic field being substantially greater than the DC coercivity of the

magnetic layer at room temperature, and said first magnetic field is applied to -

the entire surface of the magnetic layer for a desired interval.

6. The method according to claim 1, wherein:

step (c) comprises applying said second uniform magnetic field of
direction opposite to said first magnetic field at a strength which is lower than .
but close to that where lowering of the magnetization of the magnetic layer-

5  occurs as the temperature of the magnetic layer approaches Te.

7. The method according to claim 6, wherein:
step (c) comprises applying a second uniform magnetic field at a
strength determined by the following equation for magnetic materials with
constant squareness (S) values:
5 H (dM/dH)uc - My
(dM/dH)yy - (dM/dH),

where: H, = coercivity (Oe); M = magnetization (emu/mm3); M =

remanent magnetization; and subscript 0 = zero applied magnetic field.

————
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of selected portions of said surface of said magnetic | | east T,
9. The%?’%"g%accordi ng to claim8, wherein: step (d) c?ﬁ@é@éﬁ?gl ectively

exposing said patterned plurality of portions of said magnetic |ayer
surface to radigti Ve'ﬁx@?ﬁeﬁﬂod éc(&ord-mfto”aﬁiﬂfg ‘gfé&glhgi ng to claim9, wherein:
step (d) conprises generating a pattern of Ta |a1t|ve energy for

sel ectivel y expstpr(d) saingripat inereasing heaitemperaturef ofpo paitemed plurgitpj ecting a
focussed i on, sai.d selected_portiqns of sajd: :surface of said nagnetic
| avor 5 vi 5% SAERDH POHOBS b STEER oF U8 saeps i bpEibe ats o 1y | oy ng
through a patterned aperture mask, or by near field inmaging. 11. The

met hod accordi ng to cpRifRthOd 2038l b claineB, WHeremONpri ses utilizing a

source of radiative energy selected from anong optical, electron beam and
i on beam sour cestep1fd) qurBpmIss Heslechvelyr eNpegingosaid latemed ealisy of step (d)

conprises utilizi .an_opti.cal radiatjve.ener ource selected from
conti nuous pgﬁtﬂmﬁﬁ?gggW%Sb%%yi%ﬁmt?ﬁ%{orf@fiﬁﬁﬁeg%%rg}"di ng to claimlo,
wherein: step (d) conprises performng raster scanning or area imgi ng of
said magnetic ll@yer Fiyhehoed adcbrdinpeo claithogwaeem:di ng to claim 1, wherein:
step (e) conprises rapidly cooling said at | east ong sel ected portion of
said surface of St ddﬁﬁ@mxses |gEPERtBg &t PatisHy rofo RAIFNG. 888X efdct ed from

convecti on, ] t . ang: n . . pat t tic medium
conpri si ngzs"fef%?g‘% és’%%%‘t“?a%é?e%%tﬁﬁ{f?ﬁ@ﬁl}y [oF, pprfedh 6y %?(%eél B 1111

111 ~ ~ Mfscuddiaps3InGaitBseRCTdd s BOf kdid subfacaopsaid rrageeticnayeret i ¢
recording | ayer on said substrate, said patterned nagnetic recording |ayer
having 2 CUfH ShpNRERRG  [opapiauts, B SoliU PRI LA R SPEENBer at ur o and
a surface %@He@'aﬁ&‘txﬁ*e‘ﬁ?ﬁﬂ%r‘lﬁ/neQ@EElﬁriﬂlagﬁﬁg.rmd therein by a process
conprising ‘the steps of 1. appl'ying to th asy axis of said magnetic |ayer

a first uniform i )
11, The method according to claim 10, wherein:

step (d) comprises utilizing a source of radiative energy selected from

among optical, electron beam, and ion beam sources.

12.  The method according to claim 11, wherein:
step (d) comprises utilizing an optical radiative energy source selected

from continuous and pulsed lasers.

- 13. The method according to claim 10, wherein:
step (d) comprises performing raster scanning or area imaging of said

magnetic layer surface.

14. The method according to claim 1, wherein:
step (¢) comprises rapidly cooling said at least one selected portion of
said surface of said magnetic layer by at least one process selected from

convection, conduction, and heat transfer.

15. A pattemed magnetic medium, comprising:

(a) a substrate; and

O



magnetic field of a first direction and having sufficient strength to
subst antwewbi/3s3e6i f or mi ze the magneti ¢ state of the nagnetﬂ@"‘l’%’g?"%y pre-
10 alignment of the nmagnetic regi ong3thereof; ii. applying to the nagnetic
| ayer a second uniform nmagnetic field of a second direction gpposite to
and havi ng a st(bergipatitrosé mpgnetic hegcordings daypr onrspid ulsieate.cs#ide| d, sai d

second strepgth.of said second the field ' ey to alter
the ali gnr?élﬂ?mS? gg,gaet%grﬁg?r?.:ngrngg){negngﬁ%l}l sdi m%%g@glfa i‘ggl §§° r when the
lattersis sabstaatfdu?rsabovelramtteduptefamteraaﬁw surdapeatorhprisimg grmagretict han  T. but:
insufficient to alter said magnetic regions of sajid nmagnetic |ayer when

the | att erpattemngformed; tersif by pHHRGCSS RIS g Sisaf 8*&/ T.; iii. selectively

i ncreasing the :tenp : : d portions
of the surface ar eaeggii}g{éggpﬁlnggeﬁ%%%ggﬁg%éoéhg!tlé Iiaé’z?ll‘s?t!fl ﬁﬁ?q{fng?ﬁg 20 desired
i nterval whignetic afipldyiofgasdirsi direction rmadnbeviogf seffidiend sfeengthndgnetic | ayer,
t her eby sel gct Iy al.tering the magnetjc gl %‘gnment .of, sai,d oagnet I C

regi ons ofSubsiprfiglly priformize, the MagpsHicy ptatee pL e MagYFRe IRET Y B magnet i ¢
layer ;1o 1 Valichflehl H&he e aﬁmgegﬁhggﬁr&ff; said second magnetic field to said -
magnetic | ayer after co%‘p etion of step iii.; and 25 v. cooling the
patterned pl uraiiity applypg éxthednggpetic baysr 2 secend paifpen magpetipBeldw Tc. 16.

The patterned magnetic.medi umaccording to aj , rksi:ng a
ongl ¢ ud il * SPOPL ATETL oM P B Teel] 158 e WO SHET 2
magnet i ¢ afilsPihaghsticuidingsAie kelond Sebgth of siidartédiemagmutic fiddbsingt i ng of *Fe,
Co, NI, O, and Pt and having a Tc_on the order of about 300 5 C .
L1111 | Suffigipnt to alter| the |alignment of $3id magnetig)rogions; 96 G2I0CMAERSHS/ 30717 24
17. Thg pagter P | i 21 0 dPereafePHahi SI NG a :
di sk-s ape‘%gl%u‘gfs?%rtg?g&%ié&t? gtlsgtrglee?ﬁ%%grt D%%ﬁx%ﬁi magneﬁeg data/i nformation
st or age angl. biitcihfiffviaht wealied 8aib avagnetiarggidiiserfrseil magmeticilayer #dendi ng | ayer, -
conpri si ng: . _

the latter is at a second, lower temperature below T;

-

iii. selectively increasing the temperature of a patterned plurality of
selected portions of the surface area of said magnetic layer to at least T, for a
20  desired interval while applying said second magnetic field to said magnetic
layer, thereby selectively altering the magnetic alignment of said magnetic
regions of said patterned plurality of selected portions of said magnetic layer;
iv. terminating application of said second magnetic field to said
magnetic layer after completion of step iii.; and
25 V. cooling the patterned plurality of selected portions to a

temperature below Te.

16.  The pattened magnetic medium according to claim 15,
comprising a longitudinal or perpendicular magnetic recording layer
comprised of a magnetic alloy including metals selected from the group
consisting of Fe, Co, Ni, Cr, and Pt and having a T, on the order of about 300

5 °C.
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means ing a magnetic field to a nmagnetic recordj aving a
@g%@fsgw PEPUSHIRLT

Curie ure (Ta) which is subgtantially above room enper at ur e;
and neans for formng a magnetic pattern in said magnetic |ayer by

sel ectively inereasj ! rr[.]%rg . I i §y of portions
‘of the surfacqg' of S%&gaﬁa&grrrr{ggne g&%?gg&?% Zd?&ﬁgg%? t#, or a desired

i nt er val .cofiprisihige diylstleapedsalstdieang to cl ai m 18, wherein: said nmeans for
applying a magnetic field to a magnetic recording. |layer conprises nmagnet

-means for apply ng uni f ogm netic field of. a désire di rection and
having a stren]§th s‘gfs‘f"fts f{’T’g‘?‘Hgtae’PaW °r9§ffﬁé‘?‘?r@a§f’ﬁts TB%° %‘ﬁcd 5 magnetic
l'ayer whegir{ehfl hedih@havingd patethddthagiRtie YaloRkfing GIYRE BhipiRingt or above T,

but insufficient to alter said nmagnetic state of "said fmagnetic | ayer when

the latter ismeansafosepphdng laowegnetisnfieldatous anagnetioy recordmg Iaier syst em

according . to claim18,. wherein: id ans for . formn a rn includes a
radi ati vg’aé'm-% gay (?%rllﬁ Ctgxqufa?urgel("zgt i%? 5Sn(§}9%8 & Wgyt %gg‘fegrﬁt?é ature of said
sel ectsed thgeahirkyandf portions of said surface area of said nagnetic |ayer

to a tenperature of Tc or above. This Sheet Has Been Replaced 111 1'11
LEITEITT 111 1mgans| fQr forming acmaggetic patten in said magnetic layer by

selectively increasing the temperature of a selected plurality of portions of the

surface of a said magnetic layer to at least T, for a desired interval.

19.  The system according to claim 18, wherein:
said means for applying a magnetic field to a magnetic recording layer
comprises magnet means for applying a uniform magnetic field of a desired
direction and having a strength sufficient to alter the magnetic state of said
5 magnetic layer when the latter is at a first, elevated temperature at or above T,
but insufficient to alter said magnetic state of said magnetic layer when the

latter is at a second, lower temperature below T..

20.  The system according to claim 18, wherein:
said means for forming a pattern includes a radiative energy source for
selectively increasing the temperature of said selected plurality of portions of

said surface area of said magnetic layer to a temperature of T, or above.

This Sheet Has Been Replaced
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