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5 FIELD OF THE INVENTION

The present invention relates to an improved method for patterning
magnetic data/information recording, storage, and retrieval media as well as
improved magnetic recording media obtained thereby. More specifically, the
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 "perpendicular" recording media have been found superior to the more
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 arising 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
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"super par anmagneti s are encounte e pr 0{)ose o) u?é Augt 0 the problem
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" Super par aRYB&YAcE 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 Si0, master by means of an electron beam. The data, in the form
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magnetic recording media, is to increase the crystalline anisotropy, and *
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20 assisted ion beam etching ("CAIBE"), into the AlAs/GaAs layers. After
pattern definition, the AlAs layer is converted into Al,O; 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-
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pol i shi ng, 29. gahove-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
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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 patterned and non-patterned 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
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profile can varey romarea-to
oercivity 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.
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i posed on how r apf I?fitv Hegs o s diresents INVERtGR 15 2 dmproyRd prethadagfed wi t hout

i ncurring si grbiiggnt nAyAEE gatte@OR & Madn¥tice UhBL1fEmafibe kiR sfaper |init
determ nes the m ni num anmount of 20 expansion (i.e., w dening) of the
tenperature vSeIEYAPEHMER: o) ong the film surface profile for a finite
heating interval. An6®ediddgintaget BEr@e EfleSnt RAvenEosl fsoranamnbmdoved nmet hod
for formn ma%netiﬁ patterpns in magnetic data/information, storage and
retrieval ﬂ%di'&, netcally, pplemeg gmegnelics daigrinformation ¢ steragg rand hestrigvaladvant ages
and dr awbacks m&liwassoci ated with the above-descri bed process, and which
can be i npl enent edYat a. manuf act uri nﬁ‘{ cost which is |lower than, or at

| east conpati bl e wi¥th,@Phe adyantags, of dhit ipselt HEFGPRCE LT AMPR¥Ehodol ogi es

and technol ogi®pparht0s b:0fdtinihg a PRtighic RteMBGNS nhEnéRJiAa/infdHkSonal SO exi sts

a need for i mproved patterned.,
rrpstorage an retrlevalnmedxum.

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 appended 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:



magnetic nmedia, e.g., in disk form which exhibit uniformy shaped Gn&PR 2004
very 30 sharply defined magnetic patterns, such as are enpl oyed for servo
patterns of thin filmmgnetic nmedia, 2 6 APR 2004 7 The present

i nvention, therefore, addresses and s%l ves problens attendant upan
patterned magneti c_Jedi. accor o the abpve- descri bed

B manuf a(ii ureﬁ. 1 gi.i ng t

process, and af f or@sPTPusipg a magagiic ;pedivmy inglyding § magngic Secopding layer "'y

densi ty, pat t bavirech swefgeeethie enagratic @ecorlingg layer Borhprisirfgar magbtidasterigli sks, while
5 providing sybstantially full atibili with all mechanical and

el ectri cal aisilaﬁ'érigtars]é‘g’fet%%%e\?%?ﬁi(ffgg@mﬁréﬂayy&f’%ﬁr?°é‘2:ﬁﬂ’8Fr8'¢’§/e.’ Mor eover, the
patterned nagneti(b) smpilisg f thé hagmetie 388t a firy anifordnmametidelsiofp! y and
reliably n tured by suitabl.e adaptation and/ or. di fication of
convent | onarglEl H&ngglﬂ?cé% ﬁl}d?lsﬁrﬁn t%é‘l‘%f‘a%gg Q‘&’ﬁ{?“%agls&" ?‘E}g?eng%ﬁ%%URE OF THE
| NVENTI ON An statedhetedfie of the present invention is an inproved nethod of
formng a magnetic ttern i,n a etic data/i.nformati.o t aqrage and
retrieval medi um (ﬁ\ﬁ%’g’ h’én '13 veanr]ﬁgg‘ggqgfﬂ? ﬁ%%‘f‘&@ﬁ? “laﬁ(‘/eélﬁﬁ"@r??f’s an

i mproved 15 segmbtliredibh oppasite etb read ofaigsser steendiht thanh niiadrofethe dinstst or age and
retrieval nedium. not her. adyant age of the sent invention is an

i mproved appAararus ’fe%ir ﬂ*eos&rﬁ{’%lé Ogy%asﬁ?‘l R ERY %‘%ﬁf'ﬂg éut]ﬁﬁlé?{e ic

dat a/ i nf or Iat elkr ths hageege seandof g rmagvetic hapei witen RO 1a8ddist atanfitst,advant ages,
aspects, and r,features of, the present ..i.nvention wll| be set forth in
the descripti gfr?bﬁfﬂ %ﬁlp?rg{ufeo%la]atﬁami%eageér an e lT“Y 1;55@%%”8@% g‘ﬁt to those
havi ng or di namagsdticlskaté nf theemagntticujager eheantha ddtienis afa sdchvad, flobdrowi ng or may
be |l earned fr t ice of the present invention. The advantages of
t he present |gé\;?l r?&?uéggeﬁrg‘il/lrbe realized and obtained as 25 particularly

poi nted out in the(dppeciey okeasing thacteopeiatg: dbh anteasts@ecielwfedt he present

vent o 14 Mo 90 8 ReL rAANIRER, P B AR P
st orage and r eftenvay shilermgplyimg thérisedond magnetic field to the magnetic layer,
thereby selectively altering the magnetic state of the at least one selected
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 inciuding
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



nmet hod conprises the steps of: 2 6 APR 2004 8 (a) providing a magrg§i 4PR 2004
medi um i ncl uding a magnetic recording |layer having a surface, the

magneti c recording | ayer conprising a.magnetic material having a Curie
tenperature (Tc) substanti aIIy above ?oomterrper ature; (b) applying to the
magnetic | ayer a &ll IS i di rection and

or m c 5 fir
strength sufficient t% él'ﬂ%sf?a&ﬁft} Y"g} %H‘igf%‘gﬁﬂ‘éﬁ)f ﬁ{faﬁ?ﬁ&}?@ttf‘% Destate
thereof; (c) equudivityngf the ntajgretiveigyee i tbohmatymperatuﬁeeﬁﬂﬂde fifst heghatdagnet i c

field of a s ddlretlo DO ser_strength than that
of the first %grlgg%ﬁg'lgl a@*’ﬁ (I}he PHEe §‘frfa§ﬁ§f ﬁ’ed?agtnﬁtéc E’eirofﬁﬂarf'ﬁﬂ%gtl c field
bei ng suffi ci mvﬂpst&;ﬂ(calmmpnieh&ppﬂmgehd eecsmcanﬁfdrﬁl rhh@emageletdfc | ayer when

the latter ds ted te rat reater than
Tc but ins u§f f F@%%‘ﬁ O?pos‘l[&ﬁ Pd tﬁ F’ﬁgm g@& %tﬁg\ﬂ“‘fhrfé ic layer
when the | att ént dlssead tiat smemndweringvmhe megmezaﬁbmetmahsgﬂeﬂd:xaydrd)

sel ectively |rggcru<raa5| ggtthe %errgf:{leature of1 at eas¥1 (o} eI ected 15
portion of t h&“d FA0E CHPEENET Of the MpgRFIS2Yer pRRIRACHGS, °a“ln 1" {'T, for a
desired i nt eexmiple, v Haemmnddybngsé lé tbe dallvavinpgqetibe for elagndtia t he

magneti c Iaye en lrs]%\/lt% nsea ect | veS@vllt ering the magnetic state of the at
| east one sel ec on of “FhE He¥ ¢ | ayer; (e) term nating

appl i cati otD of the second mgnetﬂg@ﬂdﬁb@_ﬂ@ the 20 nmagnetic |ayer after

conpletion of step (d); and (f) | east one sel ected portion
of the magnetic layer to a ncsfgﬁ%) gd%]/‘ﬁ’c)ﬂ’/v T, According to enbodi nents

of the presethiewVIécht icomcivis)t eqna),(M) mgmlz:ﬁmﬁ (emui/ﬁm3)jlm,g=aed1@agltudl nal or

per pendi cul ar N di um.i ncl udi ng a
di sk- shaped sﬁ%ﬂ nz lonSUafS SruF%c“ﬁt 9he g ﬁ%‘fhieg W%%?Sﬁg%dwg%@n%he magnet i ¢

| ayer is corrPlcbmmisfemlf:almgmg reatperatuad bfmypattambdmlungty ofestiatied patianst esl_ fr Olml t he
group cons [ Q netic all oy
is on the :l)sfdeo?glefsurf $89f %B@g'&?mgygr to(ag egségﬁﬁﬁ é’é?:ele"stlyﬁé'teé?ﬁsl"gl ly

uni f orm zi ng teepattrergebliuelitytodipertiods df e maggetistlayer toaydintiveyenggg 530 al i gni ng
the magnetic r %gerxg atpg%rg %} radfati% enef ég' 6F seIectl g(pgsitll:)gc the rpgl%e?nelay

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

pattemed magnetic recording layer having a Curie temperature (T;)



applying the first uniformmagnetic field as a DC magnetic field d ﬁeRPROQUU‘}
al ong the easy axis of nmagnetization of the magnetic |ayer, the nmagnetic
field 2 6 APR 2004 9 strength of the LdrrSt magneti c | ayer being
substantially greater than the Dc coercivity of the magnetic |ayer at

room t enper at and the first magnetic  field being.applied to the entire
surface of t hé“ b(r%taagwﬁagl?i 2oy Trgm Fgﬂpgﬁtuffe%[ldr%(iurfaicﬁtc@?“@rgﬁl‘?éo gl”@ﬁ“?"é) conpri ses
appl yi ng t he g#gtronfdrme tharimbyagnetiscompiding té steps@difr ect i on opposite to Lhe
first magnetic field at strenqth which. is |lower than_ but _close to that
where | owering of the r’?ﬁélﬁlé’fgit% iBW Bf* ‘E}Hhe TRAgHTEE faver 3 fst wifoyr s as the

t enper at ur e ommagimticigidedf & |fastedirafipn amahsvidy saffidiedB)stredg® toexanpl e, be

det erm ned Jy t he I L owing equation.for nmagnetic ~materials with
const ant squafg %b%g‘gggll(y S‘gh q@gﬁlﬁeeg]?e ngr,g@f _&F\?}ed_ﬂﬁ [hl?‘/rma%“gm n By PredM dH) o
where H, = coeligiment of tiGadgnelid regiomghatofzat i on (enu/ MmB); M = renmanent

magneti zation; and..subscript O0.= zero. lied tic field; step (d)
conprises raising the _'tagﬁlﬁgllgetl? ﬁlfgaé?e?‘ﬁ?%_gﬁ?%ef?@gﬂ%sﬁ? Bpgrefe gFIdseI ect ed
portions 15 obfakeosdidiratien opposinectorand heting a ls@gngth e thin thetasftsaidc, €.g., by

Tayer to rad ST oebfc ol BRAEIGDEE B Hefd emeic B4 beite Sufeientue. anergy
for sel ect 1Welyalex posiipgnerhef paintagnatie degigrs wf deiriagnerfc Ipgr tihem sheby

Phe magnetic MAELIS S0 s BRCHORE EpRTie | ShuPR 4l 8Reppangfiood ' 20€ ©F
cont act / pr oxi msufficientp algr ther diggmet qfath¢ erapestic apstoisusfetheasignetior by near
enorgy et ety TR ThaliriPaseteotf WL B et 1008 or pul ced | acer gy
el ectron beam anii. i orselbetariySnueasing tienempeeatire bha ptemad prtaliscanNni ng or

area i magi netic |laver .surface; d.ste e) .conpri ses

rapidly cog i (r%gg]e{t ep%[ i etggt © i 'YE%% st E%i“g‘&“ggr tf?roﬁaﬁgfe%lf"tfrgast one

process sel ectvwdilefapplyingothe esetdnd nmagnetivd fieldi ©nthe mdpdetiveblyert tinciyer .

According to [ ect, of the present invention, a patierned

magneti c nedi 3?1&18%%& rﬁ%ﬁ%‘% Eh(eax}m%etécuglﬁnp’ﬁ?te?f the gnagnetic refiohs’of e
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:



30 (b) a patterned magnetic recording |ayer on the substrate, thé 0 APR 2004
patterned magnetic recording |layer having a Curie tenperature (Ta) 2 6 APR
2004 10 substantially above roomtenperature and a surface conprising a
magnetic pattern formed therein by a“process conprising the steps of i.
applying to the easy axis of the magnetic layer a first uniform magnetic
field of a first cfP%/aQEtf?fo‘i‘Ppb}ﬁ’&ﬂ A dnasggicsigld ite jacmesnsti eegrdingt leyers

substanti al | yhauigf or routig téﬂﬁeﬁag@e@)c wHicH 8 OubdedifialFROBBLL Gob@Yer by pre-
al i gnnent of the magnetic regions ﬁereof; ii. applying to the nagnetic

| ayer a seconEF“ﬂi’ﬁ‘iaf“g‘?;ﬁ’i‘qmgneti c field of a second direction opposite to
and having a strengéds | 85 Sorhiha atHftne bl i fobi S J ield, the
strength of the second nmagnetic field bg?ﬁeggéﬁfs?l?p#g%?g@lgé}{egbgl ter the

al i gnment of FHEUXHYHSTsRNNg tgitamperagie phaselrsisd @lurdity afpartiusefithene | atter
is at a firstmaghetiv flyeitto LERRETAoHS BesRBlBlerap OF greater than T, but
insufficient to \z,av:qéer the alignment of the magnetic regions of the
magnetic |ayer grofding fosembadiments;pf the quesspinvergipir the avgsey frure bel ow
Tc; iii. sel egpplyifig ¥ nd36ERATIND the ehabRdiie @bREdML1aPdr c%mP%efs%d%Ea plurality
of 15 selecte ortions of the magnetic |ayer to at [east T, for a

desi red i nt er P¥RNS [P IMgRynioRy magestis Seldiod 2 dasinsd direction andhavisgt he magnet i c
layer, ther@by stwetieGificit Yo MMet @6 nfAgndtib StalbBd Rt hiznad 9Tk 8 t he
magneti c regions of the atterned plurality of selected portions of the
magneti c | ayerdtefi§atg Fﬁ’ﬁ?E%’taﬁegée"a’ﬁﬁ‘ﬁlr?:éttqr&hwc?fntq‘fé“’é'éfg&‘ﬁ’& rakfietic field
to the 20 nmagrahighelicedRE ofifhe Magh@RNARE WhEh BF 183MeLR at bisecondNélvés. cooOl i ng
the patterned plurality of selected portjons of the nmagnetic |layer to a

t enper at ur e b&fRRfFEure Yelowo e agl the BRI dohdPRMing the; HBSRElE RBHEM nvent i on,

the patt er ned indNaigé @t fagiatied entigyC S6licd ot SseRctileBK inthanmsl ukUbsdcteat € and a
| ongitudingl or 25 tperpendi cul'ar magnetic recordi nfgl;q | ayer conprised of
an al | oy of? elPlsality of Rogfons pEthe maghetigRyerdea teggperayre ofla@r ghoveind having a T,

on the order of abauditidRP adtantdes Qhdli 3fectsOob Qe PRBEMCHVABBSGHNOf the
present i nvengllﬁon, a sgfét emfor formng a malgnetl c_datal/information
storage and r came readily appaeht fpatgpsrqdkxged in the art from the following detailed

description, wherein embodiments of the present invention are shown and

described, simply by way of illustration of the best mode contemplated for
20 practicing the present invention. 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:



30 patterned magnetic recording | ayer conprises: 2 6 APR 2004 11 Zr@am,fmm
applying a magnetic field to a nagnetic recording |layer having a Curie ‘
tenperature (Ta) which is substantially above room tenperature; and neans
for formng a magnetic pattern in saild magnetic |ayer by 5 selectively

increasing the te rature of selected plurality of portions of the
magnetic | ayer torpig Ea?ssﬂmﬁifﬁeaoﬁcﬁ?i“ad‘é§f°isg'6e°}‘?ﬂaé}”\7‘§l°.fa‘AE’E"GTPg‘l"Y\g to

fenbf)gi mantﬁ inphﬂafhsI&frwﬁéin%mvﬂﬁfhbd’afthéb@sdﬁeﬁlﬂﬁltib&randapm yi ng ? magneti c
ie to the magnetjic,recordi. er .conprises, magnet neans for applying
a uni form nagnet i g:tx i B2 thgg%é%@dt“ﬁ?ggé’tel‘”o‘?f %ng"r‘?hﬁsﬁﬁbll@fa strength
suf ficient tothabppfatistEFramgneti c state of the nmagnetic | ayer when the
latter is at a first, elevated tenperature at or above T, but insufficient

to alter %heDg?gﬂﬁlé%lﬁﬁ%%ﬁ%‘dﬁ dﬁagneti c layer when the latter is at a

second, | ower npera ., and the neans for form ng the
magneti c pattern Theqgiresshtsineentiadhat hsy& pemdpad ywing quovigord of a sielpbct i vel y
increasing th .ect A f _portio of .the mpgnetic layer to
a tenperatur 680&%9 ,nq’o%%a g‘%"g!? %e%’&giifﬁ gor?é"lpnga%g’n 6 8L, gg@p €ts of the
present i nvensurfapeswfl hagnbic caverdimgdayersy fapywsarie mhamufactukiog dighkarédled in t he

art fromthe i -det ali. ri@fi e| nbogdi pents of the
present i nvenFe?je)ljrq&grdeggséﬁo&v?ﬁahgﬁgnangg2%? %dﬁ%éd?tgga?érlrmﬁﬁ/reg% Vg\l/a?e of E’?I | ustration
of the beskt0 nopkeatoonvidnpinxereiond] atisk2divertechinology) gind tvéhighr mee icludavent i on. As
wi |l be descrihed h [ t.l Ay i.on.s apabl e _of. ot her and
di fferent enbtls) |°ng?1t{eg{,% fgﬁ’%%ﬁr}sthé ér{/verr%avle %tb?iilolo y'gfh e prgslfgtc'élﬁ?nl Bl'e of
nodi fi cati on ralies Rrgebugpoobechmigeesy methadvlagies,adnd instruinentblitdte pardntlng from t he

spirit of the p& (P ' or.di-ngl ' : description
oFe to be rogulfEl Rlmddtid ddoling QNeAlh Mok of HEPANDGBIK, P00 B
BRI EF DESCRI PTHe@Nn@factitdtof DiRAMItIDNGEdiANEhefintentiou sl ldetaanlpeokciphésior, i pti on of an

coni unct 1 oft wPkiRidRE F b8, 578, B b BBk R AR BB Ty e
are not necessawpjinfomutianrecerdingctrageland retrievfenediy eg., barddiskawhich best
'n'u'ngf;lr gt gr tehgarpﬁé Baimgﬁ‘ Lo £RLU Scom%giﬂ;lé QitWa?F‘f%{oW%tiB 1%@&%‘3 30
nploye roughout to“designate i ke Teatures, wherein:
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., He = 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 (Hc) within a single ferromagnetic



2 6 APR 2004 12 FIG 1 is a sinplified, schematic cross-secti %gl Aphem]&)f
an exenplary apparatus for practici ng the nmethod of the prese v
invention; and FIG 2 is a sinplified, schematic plan view of a nagnet
assenbly of the appar at us of FI G 1135 DESCRI PTI ON OF THE | NVENTI ON The

present invention has, principal aim provision of a sinple,
conveni ent, oS é‘ftPeéb‘P@’ ﬁ@!&ﬁ‘ﬁﬂh?a&f‘g fpneraiyge dadiatingcutiastionr¢fsa wi t hi n t he

surfaces of mﬁﬁsm Qaefv&e@rrd;bnasdn@y%raﬁneﬁtgﬁhahb%e(lbn R gAcd L9 hi gh ar eal
recordi ng densi dat a/information recording, storage and retrieval nedia

for 10 oper at® a\&l‘?‘ﬁpébﬁ‘i‘%)entl onal disk drive technol ogy, and which may

include servo patveée B&ci&i@ﬁl@ﬂxe%eﬁth@pl'd&‘s‘?.'?élley@pdﬁeats]@%ﬂéé)&)étep Jhe present
i nvention rellgs Iar?%ﬂ&’u pon techni ques, hodol ogi es, and

i nst runent al i TEY @ e qy witljithe follwyjng B‘PHSW%FWS@GI“&@&@BW"W@CQ o the

requirenent s @afachiB@in® 5B tthnditine BEWREN pdtidreld Iﬁﬁd AEpdiR Al 2@ bt MRONEL I C
nmedi a. The |n¥lent| on al so has, as a princi Ba aim 15 provision of

i mproved hi ghthgraggets @%f'ea?hﬂétod\ég@aﬁ?“ﬁ%ﬁﬂu fhed magnetic data/information

recording, storagqlandpfeadiigh@ditlof MRGhabnetie grains BAfeGiotl-SHSordingtsh can be
manuf act ur ed @t a cost conpatible with that of conventional magnetic

medi a. The pr©&aFent YERHanoprealsyacb ot the sinsndtic egiRCYVEsigns ¢fdbe for mati on of

20 hi gh paot emnagrided filh bi BYer RRbdrBHAGLY RSk CriRNDT &aR" btheagconpl i shed
according to a thog which is substantially free of t he above- descri bed

di sadvant ages?® 4Pl BB SRS PG Magnsiis fied ‘ﬂ?@%‘F@)é‘éH‘elﬁ“} 86-Yehdli ng U. S.

patent appli cahileilc 88k baiayéﬂoalox%%é\%&y%z o@fmth%zatm%f'tﬁE/ﬁﬁgdeN@ et hodol ogy
can be applleF to | ongitudinal pendi cular recordi ng nmedia and

conpri ses 25 WbeQ@?rnah? S ’f"é&?ﬁ%‘? gﬁldraéplﬁi qurBS bHt step musk bsef &ctivel y

heat ed por t i Oftfength shitd@antiATHGBEV the b@)ﬁ@ércﬁvﬂy 8t tht Bagdetit ifn Gk @ at ENPerature
(Ta), i. the tenperature at _ whijch magnetic _npteria undergoes a

phase tr arﬂél t Pgak F°8Fﬁ temperalyres dhet “E’Pute1 510 H@P‘i‘ts”f iip @yder do

par amagnet i smidhieve effeditve magﬂét}c Saftrdtioh. ST heréﬁgﬁ’g’tﬁj of iecappRéd@dgetic t he present
i nvention di f%ers n essi@t mEtr espect from 30 that of Kuo in that the

| ower heat i ngfeldspRwdpeat 178”4 higher thap, He audsis typically in e ragee upon a
reduction in gomdik bbdut ¥ to(dBdut Mrhdiithe ReRivitgbfihé RhpRIBSAREACe.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 $* (where S is

equal to the remanent magnetization M, divided by the saturation

magnetization M, and S* is equal to the remanent coercivity H, divided by



2 6 APR 2004 13 phase, rather than a higher heating tenperature S
facilitating utilization of a transition between two distinct Zreﬁgr%ﬂ Zﬂﬂ‘i
phases (i.e., ferromagnetic and paranmagnetic phases). More specifically,
the inventive process relies upon a ééquence of steps 5 simlar to that
of Kuo, wt haéolé;e f ol | O%?ﬂ% consi derations, being of significance in

achi evi ng sh thefieength Sl dhe iy s magsts deldetn ddehniorbepbaieer¥ed ar eas of
the magneti c dlosem, iRaddetited bhitgfolmatiheforndi@sol ution: (1) Pre-alignment of
the magnetic grains or regions- according to the present invention,
pre-alignnment of the magnetic gé@' Sy, T ions of the 10 nmagnetic film
or layer is perfornmed by a proc o DC erase", wherein a uniform
hi gh strength DC magnetic fi el ddMaHapp(dMAH),0 t he surface of the nmagnetic

filmor |ayer along the easy.axis of nmagnetization ofi the magnetic film
or layer. The DC rr“a’geﬁee G ccoﬁx’&")é @E?pM —eﬂ’g%ﬂfbf‘aﬁ‘ n{RUmm )M Fust be of a
strengt h subst ant irehingntahapnetiZatien; BXd snberipi v+ kero applich magregoGeldc fil m or
| ayer at 15 normal roomtenperatures (i.e., fromabout 18 to about 25 O

in order to i j { ] ajuration. . t, th of the
applied magne?i%;H?%‘F%ﬁgggg%&uﬁgdﬁggg&%(ga@t Ll%%ﬁ%ttggﬁ&gﬂﬁeg eorﬁp an H, and is
typi cal |y i n mhgnetiadeeainsodr régionsiofib patterd of ssleativaly hédtedipodions bithe oer ci vity of
t he magnetic ] : o el ected fromthe
group consistin n%g% ﬂb’e?ﬁ rml\ﬁﬁen%?ggbg%ﬁt%n@uﬂ?% ‘%ce‘:ggée s"z’%%ti al that the
magneti c fli0el d couvd) t Kgnerationref magneiac phasé pattean- megatc pattemyae or film

during its appli i : it udina ' .a, the

di'recti on of PRt iff e Alfec B o AR bh WHel, 3hfeilelfl plfili

ci rcunf er ent i phaseljaf eseléctsd . pqriyns Ribexso & dfomigg et i dssifade pafteryufiseqaient to
erformng th ] r [ : L , a uniform

Paanet 1o 11 el ToPRgcy fhasg Ml e IR BhraMhERGCARES WHERLTOVE,

pre-al i gnment rapisdh bedtiog ftheselectedr partensebybimaens efaghserplien of eddittive and of | ower

strength sgf LrReqbRYe; %1{1@?6:9”% : uldE & .,tJ"Ese%,' sﬁxhﬁi as £ LGB gt or e

S . i .
significant |owering of etization o e magnetic material of the

magneti ¢ fi | maser Withyebeant owdwlatedmto shostrgylises of o pulsedglaser;i an @&tmmt eri al s

havi ng subst aglald ¥eCan5 i Yean SHFES BESSa¥iple Ueith SrndBfliomal i eSis

equal to the renar?encf’ér}rrn}gnet | 2at ?‘%n R? %ﬁavpé’edﬁ%y T ﬂ'glors?‘de{ttd}r{vgﬁ on
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 (T;) 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



magneti zation M5, and S* is equal to the remanent coercivity H, giﬁviﬁg;gd @4
2 6 AP, 2004 14 He), the strength of the reverse nmagnetic field can g
to be below, but close to, that determ ned by the follow ng-formula: H,
dMdH M (dMdHEIc - (dMdH o 5 wherlé H = coercivity (Ce); M=
magneti zation (emu/mMmB); M _ renmanent nmagnetization; and subscript 0 =
zero applied fFagmemperatied[Teo.of Hegartiovler megnatgmattiiad, thpiedlly absut300 | i zed f or
altering the i [.C.. ins or. regions of a pattern of
bt i s At el
step o e i I m real eti
phase patterng 1 | : r e in the etic filmor
ereo r i ) mg dfe an :
finite H to . 1 1 = . JLapidly heating the
sel ected port iﬂigg‘%hg%g?\%%)%ggﬁggra\p,ﬁalhg&ﬁl-&off arragfféglge%/‘lc \}gmlnggté%éroby froma
hi gh intensityesowritén . gpmplenchanerlargen gheaapatterc ooft inyoerslignave | aser
L1 & heam TRAUBRA. A G R8T BUhaRRel & BRI ABSLG, A o0t O,
film magneti tdespeibiedsuponpthe dhusgradacpdaiaiion af heajednmtamagaites fonpnsidi ng met al s
st b of 200 1 e it il béome Mpdoay lnle B YA BF LY L0 on
of the magnet figectipn af thferapplisdotsiersee bipe magnstie field, avherehs ther wbeated, 18 t o about
pattern of selmerepEly SRl nidbic i Bl i wireddMme el of "
focused, proj 8Engl revieesgbias megnetigfield, e. g., photolithographic techniques,

or by use of cont f / pr’[‘ﬁét b ffotmee nf-a:?igeﬂ-b Bihs® Erax%ﬁ%ﬁ -})Lllhe% EL ptrgs%rQPc'l ques

utilizing a pul sed 1aser or exanp provi di ng short 'wavel engt h pul ses
of about 100 nBy spidly reniing e pattemrofdtleatively hegedpgliorsmfrtbemagnetiany case,
transfer of tRg, degh)ePth B%&E&Quk%e‘m‘;ﬁ,%ﬁ&&ﬁ £ eadn6t g@as%il‘étteéc layer can
be achieved by rastéer-type scanning o fhe surrace or y sequenti al

i magi ng of di BeHensdfoming te magnetia phast patieen metugisde the féreopmgnetitiseate, t he 30
tenperature Ohy LAfhSGEhe e thaBRAt | AREmObonkills JFERNEEE GohfbhE of’ RECHES at

| east 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 resuiting from the concomitant decrease in anisotropy constant K. As

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



2 6 APR 2004 15 Curie tenperature (Ta) of the particular magneth 00k
material, typically about 300 Cin the case of conventi onal ferromagn tzlg
met al - based al | oys, the coercivity (Hg) of the selected portions becones
zero and the magnetic materi al t her ed® under goes a second-order phase

transition from bei ferromagnetic to being 5 paramagnetic. As a
consequence, ’P% cﬁ’e%?'rﬁlj‘ SncedBy wagnsHe phase F%‘ngBf‘S {otiaed s &urie il m or

| ayer resul t stemPeratuf{T, Pisbthérin PefeTBOME tehbreftbh rﬂﬁfetdxﬁﬂb%ti% ther eas wi thin
a conpl enentarﬁ Iargtgé)H rea attern of a E‘re aligned ferromagnetic film

or layer. In FREHE eI ﬁeﬁéergﬂ%’ﬁéta ?’ﬁ’scaﬁﬁﬁké%‘?eé‘aﬂﬁhég than ( descri bed
supra), the theprgvesdbsed upai tavidiviel chifgd 6d. PRORIBYRIiE PQhgtons 10 of
the magnetic film.or. | ayer beconme magnetically oriented according to the
direction of PAFCUFIIES] reverse bias magnetic field, whereas the

unheat ed, ferromepiaiihg nawaaFIGl 1} BRpwiRGERH & Jhlh{ﬂlﬁéd | s@ifatiar ©
unaffected by the | ower . strength reverse hi as magnetic field. (4) The

t hus-f or med nHgHEEFONBLYER q%ﬁé‘?”[‘ﬁ% lenstpripciion YRS TBREBRtiFeRAteTs by rapi dl y

coo: i ng t?e p&hh&ngl’&yﬂfm 36|agfofdlﬂg3d_lq)bnfb\?mﬁb&%eﬁﬁfftth@;ﬂﬁse@t; m‘t&ﬁﬂoﬁmlﬁﬂet' g film
or layer to a er at ur e, bel ow er eupgn. each o e selecte
portions for ni“f’f@t? esyﬁﬁh]é)t‘PE’pB?Féé’émB%ﬁl[%fugg?te'teﬁf“’ﬁgy%@F&’I'?ep“ll%ﬁ’romagnet| c

state, atiowhiasd) marmfomangm@mem (6.gPaldnSy Or EPPIFing e raliahR)! eesﬁgﬁd portions
of the magne%i fi.lmor neti c domai ns ave a

magneti c 20 afidAreREngyY %?ﬁlé‘??f é‘la\?‘/‘{?rfb?%ﬁiﬁg%‘?fet they tﬁ‘BPerQ}f‘ret?fese‘éﬁ‘Fﬁioundi ng

(i. | ., bul k) | al(’;&asar]?as-@spjf&ﬁhlhmlmtrﬁh@néiﬁ|n&ﬁhﬁd4 R tih ﬂﬁgoﬁ‘f ot h@iskragnet i g/ film
or ayer coo own rom the. Tc qQqomte er Yy CaneCt| on an or
conducti on. HSWRiEPerayRat ?f(f(?PYen‘é éf‘%tm% g&fh& e dnaKPnhigyi di ng an

active heat tf)@fbaﬂ)elbnrfﬁalbﬁdeﬁléﬁlﬁt a8 @ole300 U M Mnsmbrh%etaws&ea ng neans. 25
The above-& ri bed rocel? %ﬂ?e used for form neti¢c patterns in
i &

the surfac FTORREHUE SHBi Qeyssy EFdV‘EY"E FeE| ‘S(q“"’ed""’Ct‘ad by
per pendi cul ar kignsosfi 1amt£d1rcmgg raqsatteméd hisk-5 QoftePoidig: ol thO &afie@Bs ar e

defined by at,an5|t| hase omferro gnetic to
par amagnet i ¢, PHIFE 9§51 t9e'?‘s$%?‘§ %fc?fdoquffll;‘i-fr #it%e in?

reduc:i oln{i n}ghﬁgﬁ?}: dniktﬁ(lﬁfrﬁlbaﬂsto)f Q[%jedt\iloh hbﬂ% @ Mh:ikgﬁ Qnd]lhﬁl f%pacfufbe pr?ﬁess is
essentially free fromthe n eous ects res ing fromthe
conconi t ant d&EEWsMA ?PS‘&H‘.@&@?%E g ff r i(flat‘ﬁ(g energy 2 (c.8., Hser

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 pattern 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



a consequence, very sharp transitions are possible according to tg$ APR 2004
inventive 2 6 APR 2004 16 net hodol ogy, and, since the nmagnetic phase™" 4
transition i's defined by the Curie terrperature (Ta) isotherminstead of
the entire tenperature distribution, ¥he requirenents on |aser pul se

ener gy/ power stability can be |ess demandi ng than the process based upon
coercivity ch® %ng(ylmcéor 13r‘@8&$:b(‘ih€)ﬁ’ﬁgw1t’ fipld 7ueli theyleach mdigksggmentc phase.

Referring novof me Eia@nenl: thﬁmﬁﬁthteﬁasff r“s'eS}pés%d % ﬁierm:iglnéﬁceﬁeld SCREMRLI C

cross-secti onal % an exe | 'ary l'ens-projection type magnetic
pattern- formffg #f‘ ﬁ‘?‘f@r%]& @Fﬁ@)&gf‘%lcdﬁl@ﬁm@wmfahgm ipresent

i nventi on. AStheldeL‘li:bﬂtdiﬁElﬂdx mﬁﬁa%ﬂ&t&%ﬁ@m € Sofded AH ' Gonfin l?Jusr adi ati ve
energy 2 (eg 95 &&Eﬁsed 10 laser) and a focussing nmeans , a |lens)
for supplyi’ng aF}H‘é“ beinerEpsediog ng"ﬁ'tlc figld V.roe éﬁsﬁl%kyn%'thefrmeieént to

rapidly incr Eﬁwscfé%stéﬁmﬂﬁfﬁtwrﬁor@fof ﬁﬁk@ﬁﬁc@%ere%‘f‘ﬁ@%e@éﬁ@?ed4§ of a
thlnfllmmagggtlcme e.g., in the formof

tenperature a greenghs jig! 7he curie tenperature (Ta) of the rredl um i.e.,

typically on the Q&ﬁk?ﬁ)r@illgﬁheﬁt%% Adktic BBnorl #ind SARS hab2fic et al - based
15 ferromagne%i?é]él thin filns he focussed radiatlve ener g% I's then
directed by Ads ‘Eﬂmﬂlﬁ?ﬁjst@ Haﬁ?rblﬂéﬁorﬁr%éxsfe@r Heeffesigarewersat 8y thespondi ng t o

t he nmagnetioc dmhéxedsmhdﬁs rreﬁdﬁélmtaﬁdﬁ%ﬁaf& i feRlsBeldiPioSlRgt €d surface
areas 4S of rrgggetlc ans of projection lens 6. Mask 5
i ncl udes opaqll. r’%@‘ffgﬂg‘“t‘ﬂé’ltersttllf)@{‘&m‘inhf’ {repImagpglicr reginB P giaivh of

radi ative enewsh the(igued are l\t&ﬁﬁélex%&d' tbnﬁbérltmfe égﬂilstglb?(‘g‘?eakerWJ et he
t ranspar ent iative enera 2 to pass

r ons of th
t her et hr ough. Eg’fﬁ"eteﬁl?ﬁﬁﬂ’ée z’ﬁgﬂ of ﬁ'&n&aﬁ%“@ﬁtmatgé‘?jicdhﬁl fgm matgal, butfigy m an i mage

of the desir ethsiffigiottb Qlteahd Qlgime- oF the Iﬂa%n@ﬁmglbhﬁﬂ' griad %vﬁéﬂ%hev\'h' chis
proj ected hy *ens 6 onto the selected surface areas 4S of the nagnetic

di sk 4. 25°RefdlFY AL megratugs baipw bt 4 tansdey the patiers from ﬂleﬁmﬁl‘éé? to transfer

the desired mRgeledtbdCsuple 269 45 Qf nagheflt 8ikk 3Und Afi@mird e%hm@gstémgnetl c field
7 having a un%form dldrésﬁzjctl on (i nd| cated by the arrows |n i's

establ i shed ovepigfhe diskand the mask sq\ibat themadk nattern san be peiestedontpol es 8 and 9

of hor seshoe- steaggpebprigteestd Mg ik Lhd sﬂtéhﬁﬁidormbl AR fign CONL T O
system 12. As dESCI‘I ed 30 above, the sfrengt the uniformdirection

magnetic fi el ac l?’atgi) Iag&e gy spw@e 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 48 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 arcas 4S, the patterning magnetic field strength being

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



surface of the magnetic disk 4 is sufficient to result in pre-alighbeAPRo2004
the nmagnetic regions or domains of the magnetic thin-film The magnetic
disk 4 is 2 6 APR 20,04 17 rotated by nmotor 13 through the magnetic field

7 such that each radial segrrent of the magnetic thin filmthereof is

exposed to the mag StIC field 7 for an interval sufficient for each of
the magneti c SPEHIOBPL rasiatiye spengy upplyde he sgeréad surfaceraras d8the latterdi r ect i on.

The magneti c aeh slh’ov&dcancdw dowh atb Sstidvh T8 sgntbs,nwau&ténf @xﬁxl%cg Wh' | e being
exposed to the or the disk be rot at in discrete

gra%netlc field 7

steps until &PPOHBHOS 6}W§C°3f°rtt1¥ea°§¥ﬁ\‘°&bﬁm’csf?ér3@6ft hepgncheertteaxpposed to  the
magnetic fi elpebséwed%txlwsuﬁﬁ& oFkHeGRUFRE: tRlh-fid Sy BREIUR! dig F €91 ons or grains of
t he magnet| di SF‘fAf IS co | eted, the atternl % control system 12
effects a ever saf*tfh thFH’éaS “Hi‘rhé%P?CBrfra&ffe‘FWem grselesied pxpobed 7 and a

reduction in atdae4s oftheldisk 8,angpditeinthgoht®d! 8)stapi Sh- ﬂo§1t1§h’sftflé gkeft to alter
t he al i gnnment netic regions or grains when the latter are at an

f the mag
el evat ed tenﬁé‘féttﬁr%er@&ua"rttef"o ugpsteyr 10a oter tpﬁ‘é‘ﬁn% 19& thaﬂ‘?'ke swigeper at ure (Ta)
of the parti mj{eﬁfatﬁmgﬂﬁ&inﬁsktﬁédﬂ “Heiré- B@)dﬁﬁiﬂ@d la@by midbr 14Sto prd)sdifufel Cient to
alter the al é!?aégrent of &F %GEIIC gl ons or grains whén the 15 latter
is at a tenp FETH fifferentpgriop of e disk s|BCSH At t ern from the mask 5 to
the sel ected surf Ige tWeeaS ek Of uikBgHaelnl Qariiiu§km1ﬁlen¥ehﬁn&ﬁt bekfi ng control
system 12 aI| ans t he di and the mask so that the nas attern can be
proj ected ont' “?YFem ‘a"i‘iﬁy dependsy iuter ﬂ’“’t%thﬂl%%“et%léa“ﬁ@tgétﬂm ng control

system 12 t haiges ﬁiﬁtthélﬂinﬁs of ﬁigka‘@la‘tN@e&fh@%&Ym@@lﬁoﬁé(ahpﬁ@119§§ysﬁﬁ1l |y project
the pattern |ltraaﬁgﬁ?lon 0 20 the surface of the magnetic disk 4. The

intensity of 52 8% 4l vpolgti(A{Y V) sadiatine prppeyosoutgm 3y the gatisyn ’t“ﬁ-‘é‘ conbi nati on

of the radi ats ee berwwnspwtc‘sebslm@melg; R@artz) VGBI féBRS Brmh@nd 6) s
suffici ené§t0 i creas erature of the irradi ated sel ected surface

areas 4S t'Ra d‘i%"R“P %{‘°f°§f?g@F5‘PHlF’€“»éﬂlh%\1 fegtgrepmay by Ogmedingiean T, of the

nmagneti ¢ thi nenfuldidh byl btﬁnda%ﬁft@lﬁlﬂfg@apﬂn@ tééﬂﬁlqﬁél %%Eﬁgn\%@ Wy hage areas 43
may be regul ated by, inter choice of the particular radiative

source 1 and ’Pacys““ﬂ)‘é%FO%?u@BﬁQ "}H?iﬁcoéﬁf?%ﬂflcbﬁ?"w#m G esizeneoxids angdi at i ve

ener gy from souiegspirentMbdi@iel N sel ected surface areas 4S are at or above
T, as a result of the selective exposure to radiative energy, the |ower
strength, patter ?@‘W&gw@ﬂq the fnventign ordeipnlatesthe useraf@ widalyamsiysur f ace by

el ect r omagoetoflidiative 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



30 selectively re-aligns the orientation of the nmagnetic regions zr I 250‘*
of the selected surface areas 4S, the patterning nmagnetic field tsrglr%t
being insufficient to re-align the oBent ation at the unheated surface
areas. Upon 2 6 APR 2004 18 cessation of radi ati ve energy supply to the.

sel ected surf the.latter owed to coo] down to bel ow
Tc, e.g., by ggﬁdﬂﬁcﬁl o?ls 5, Arr%\?%é?ser ?Perat’%ﬁ’b }}‘?aﬁrfe(?r@g‘f”hé}’@'oJFC mgfe phy active

heat transfer approphiatdie magnetic pattern is preserved in the surface of

t he magnetic thin ayer of. the disk. After the attern has
been transferred tgﬁljfhﬁé ‘sn)é glgli éﬂplg%rcblgtéc’&s Qir thg ginyeatiye ‘P‘ﬁé"dﬂﬁ’ﬁ 4, the
patterni ng comlhzaltlosy:bftzemniﬂt Ipetiqrniag takraugemete rathe kiha theOllRiStFatddo per mi t
pattern trags her orti ns of t face Al ternatively,

t he mask 5a§c]a ee&l?%%; B6sTT %er%e& Y 55 "R@f?ﬂ' %348“ SOPAY; RAEMNge  npsk
pattern on a dirhigement tlpq:attemrmaak 5t (oe 1tdleq1l<ivzﬁ¢ﬂt)f meebe plcelinia dmé@te of mask 5
utilized in v i 0 i nve ve net hodal ogy depends,
inter alia, %thge%vr’r%qﬁe Tl 8°ep°ait eed:% ﬁbﬁfe ¥§”°“§P%§’§ PalfEEP YmRe If: gi Cure of the
radi ative enertlgysfermdr tpethz sefeoted esueftqel ereasi S awithpst esquirihQ ant bgticali ng an

| tra-violet k 5 b
OV: £ anspar ent™ 355500 SRR bl 451 SRS LSRN Brins Ak RAASHERIEY or med 15 1 n
a 2-4 mthiek bpmnuigmecpxlaiycromaall during, thevipatdinihe pracess armyn et étaéred in the

enmul sion by st l.i t.hogr echn rn tlvely, t he mask
may utilize a e%@g@@mg%g%%g'aglﬁ? ' 32 Pat Heh 'B? la’bdrﬂeﬁﬁ?f’? 63¥%; r on oxi de
on a UV-trandparcplatedsbibat disebtly comrofidile tradiative vdnetg@ dobiee i snvteas iaon

cont enpl at es tntl'eduﬂfe%l;?f a wde variety 20 of radiative energy sources 2,
such as | asers, pulse Iasers hi gh-intensity |anps such as UV | anps,

el ectron beam andThonntwetwm smthbcdegy tthe fediltatee rafid, ¢ondlérddnt,vandener gy
source for  us . L |.i ca end Vi factors,
such as t heydggdlhlr?%lgglgag{y Sle'(rﬂ\él“f}%gg%%e fognotfzgf% qcuelzty’n‘géhge?ge‘g\?&f ?i"‘%ﬁ‘e| eterious
changes i n t henatnetic mkdia af ptoduartlioaghput:mwslmgsstﬁdnmmouhe tlﬁelighpﬁtl ly, shorter

25 wavel ength reater sol ut incur a greater
l'i kel i hood of %]%lﬁjgﬁégﬁggffo ogaﬂlxoé?ﬁ?egg'f’?ﬁnﬁmf chﬁ? gﬁﬁl}% | °r(,°8‘écf’| ng t hereon.
For exanpl e, tihinventian lmmoumnyted kgyselin Girtingauty partiomyt tpyeoofimigneticdesi r ed

pattern I eatyfed e5Okih@lent farllPtnd Wiilabbey of Mi" S85E LP Sndghdtc O dammge

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.



resi stant, carbon (C)-based protective overcoat |layer typically applied to
the 30 disk surface. In such event, a | ower energy (i.e., Iongezﬁ

wavel ength) light 2 6 APR 2004 19 source, such as an Argon | ase oﬁgRaZWﬁg
in the green region, my be nore apptopriate. Further, in other

i mpl ement atjé';ﬁqs glf. t Eq inventive nethtdol ogy, wutilization of a contact
patterning % rather than the illustrated 5 proj ection-type
arrangenent, may be utilized. In such contact patterning arrangenent, the
pattern mask equi,val ent) may be placed in direct contact with

(or jt ) |
the surface of ﬁf@eth?i‘%f farmipg,a magRetic pRtisy W@ masaetisdatalpformatisie to be

transferred to bilgsehdeirRialsbdhat Qompdss fiSsi¥pstorout requiring an opti cal
projection system In still other enbodi nents, both the disk and the mask

may 10 Be si mul tar{é)oergwinngé_ﬂ%&g_eﬁiw#%imwnsatmmﬁicngcoyii@@bw; and in yet
other enbodi ments, ﬁﬁﬁlgraas%fﬁée',é‘cﬁ"dﬁ%ﬁ@regmrdﬂgtléy@f&rrglﬁgi{ﬁﬁ?/gnagﬁ'&icl enses 3

and 6 may be replaced by a directly controllable ra nergy source
such as a nodul at edmpgEdhavirga Corg Bppparadirobwinsigly ateusrdoaci | i t at es
rapid, convenient, apgnedadechnologically sinplified fabrication of high
quality, well-defined, patterned nagnetic nedia at product throughput
rates consi st ent WP} #pplieg wistid mpispatic layeey(fiist eniforn saghetic fisddod stfirsiut onat ed

magnet i@ nedi a nmanuf . e | j is.ngt limted to use
in for rrll%ng any parti%ﬁ géﬁ%nfggéﬁ %%%%‘%Fbcsu‘)%@fe&ﬁlnf)orn%ézF&aengerrent; r at her
the fornmation of al | magnetiestatethemm@ineti c 20 patterns or arrangenents is

considered within i f. the present invention. l.n_.the_.previous
descri ption, nurrer((%)zgpp?g&:%)fs 7%8 m(fé?eetlllgllasye%? Seecgr}e‘{]uqetg?? ﬁl,agneélﬁgﬁﬂé’g gs pecific
mat eri al s, struct ur escoprdectimeppositp prandtofl &ssee steengthitilanahdl @f sdidfirspr ovi de a
better understandi ng_of hh?ﬁlﬁre ent in%/)fentdi on. However, the present 25

i nvention can be pralFSIEHANEIRLRI enal of spidisgeopd magpetig feldbelvgs peci fi cal 1y
set fasth. In ot hersuffidémecaer thetlagndtio sttt dPk416 angnenig 1dyechRdnGes have not
been described in detail i orqer BOt t 0 unnecessari Ié obscure the

e ﬁ%‘}?i &

present invention. d‘}ftﬁfi??fér}ﬁ?te? CCTRRPESYP © grgreafepthgn LsBt i nvention
and but a few exanpinegfiitntité Sty 648 Ahakretit Vta@lof s3RMEBE hydlasiehidRed i n the

present disclosure. llaEter is at a second, lower temperature below T;
(d) increasing the temperature of a patterned plurality of selected portions
20 of the surface area of said magnetic layer to at least Tc for a desired
interval, by projecting a focused image corresponding to said patterned
plurality of selected portions onto said surface of said magnetic layer
via photolithographic techniques, by contact / proximity imaging
through a patterned aperture mask, or by near field imaging, while
25 applying said second magnetic field to said magnetic layer, thereby
selectively altering the magnetic state of said patterned plurality of
selected portions of said magnetic layer;
(e) terminating application of said second magnetic field to said magnetic
layer after completion of step (d); and
30 (f) cooling the patterned plurality of selected portion of the magnetic layer

to a temperature below T.

2. The method according to claim 1, wherein:



30 is to be understood that the present invention is capable of use in
various other conbinations and environnents and is susceptible o W%M
and/or nodifications within the scope of the inventive concepts as
expressed herein. 2 6 APR 2004 What i CI ainmed Is: 20 1. A method of
formng a magnetjc pattern in magn ki ¢ data/information storage and
retrieval nedi ufieP é%ﬁﬁ‘i“?‘%ﬁeﬂgr"f’ﬁ g?t’%%%‘etéﬁme@m{‘ 89V1¥3WFmeﬁgf°&0rﬁmgnetl c
nedi um i ncl udi ngayar mmg%tlbﬁ‘glth@iﬁélro@bé}ﬁeﬂdﬁ:\i% mabﬂ‘éYll: Bﬂerﬁa ?‘lv{] i s ﬁfm d
magneti c recording Ia¥er conpri si ng a magnetic materiral having a Curie
tenperature ( Tcynagpasistlayst iséiP‘ln?“S&B@ %mﬁ%ﬁ? alﬂ%’rtp@ufhngﬂmewh(sai}ctabpl ying to
said magnetic |%ﬁfm@ﬁ&hﬁ§5nsﬁﬂﬂg&rf’g‘@@ & Qndfl‘t nQ'IOBf I?ertlc 10
directiaon and strength sufficient tos st ant | al ani zeth

magneti @ state 9%@?@8“116(0&9&9{)@0%399@0 sai d magnetl c Iayer a second

uni form magnetic field of a second direction opposite to and of |esser
strength than that of said first magnetic field, said strength of said
second magnet 3-c The sethod agonrgingo slainh R ovlemgin:t o aI ter the magnetic state of

said magnetic | gy t [ a.f | S Iev ed tenperature
equal to or great )\éﬁrﬁﬁh#%&g ltdﬁ’tglaﬁféstlff ﬁa%he %S ngel'dfuél?mg gﬁ'élbgggtl C state
of said magneti @hdpae}'mbswmsuppmmg $at megnetislagdr. a second, | ower tenperature
bel ow Tg (d) increasing the tenperature of a patterned plurality of

p

sel ecte ortions 20 of the surface area of said magnetic |ayer to at
least Tc for & Tesimethdd accotdiiguaklainhy, whiepdiRCt i ng a focused i nage

corresponding to i\d patter ed . It sel ected partions onto said
surface of sa|d5%%§ﬂ8?$%“$§§§?m“ §Wﬁ%ﬂqﬁ%ﬁéﬁ> Fém?égﬁ%ﬂques, by
contact / proxi magheticté@ygt Bygpre-ahigmniohe magatit egime thepef.t ure mask, or by near
field imagi ng, while 25 applying said second magnetic field to said
magnetic | ayer, thereby selectively altering the magnetic state of said
patternad pl us.alThé be@bd aceBtdatits dlaR@B iRRsn:0f sai d magnetic layer; (e)
term nating application of said second nmagnetic field to said magnetic

| ayer after Conﬁtp]é?q)aﬂmmsegpg&r@@ﬁa%gase y applying said first uniform

magnetic field as a DC magnetic field directed along the easy axis of

magnetization of said magnetic layer, the magnetic field strength of said first
magnetic field being substantially greater than the DC coercivity of the magnetic
20 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 (¢) comprises applying said second uniform magnetic field of direction
25 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 occurs as

the temperature of the magnetic layer approaches Tk.

7. The method according to claim 6, wherein:
30 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:



30 (f) cooling the patterned plurality of selected portion of the magnetic
| ayer to a tenperature below T.. 2. The nethod according to cIZaBnA”%
wherein: 2 6 APR 2004 21 step (a) conprises providing a nagnetic %l@m
havi ng a magnetic recording |ayer hayjng a |ongitudinal or perpendicul ar
magnetic orientation wherein said ﬁgﬁz iC yer is conprised of a
magnetic alloy including netals se g ¥ the group consisting of Fe,
Co, Ni, C, and Pt, and Tc of the_magnetic 5 alloy is on the order of
about 300C. 3. The nethod accordi Hﬁléc claim?2, wherein: step (a)
conprises providing a di sk-shaped B‘ET@WH?QJm i ncludi ng a di sk- shaped
substrate suppomherRHSAL®HIBGO); M L MbBhotizdfdndemd/MEn NI AGGRT di Ng tO
claim1, wherein: ste ,g]b cogpr_i ses substantially uniformzing the
magneti ¢ state H?ag’éeé‘izg“o n%ltj’n*@ seePy Ogy &0 pRpligd magnetig fiedg t he nagnetic
regions thereof. 15 5. The nethod according to claim4, wherein: step (b)
conprises performng a DC erase by applying said first uniform nagnetic
field as a D@'ﬁﬁbﬁ@ﬂhedfi‘fcéﬂéﬂgdpﬁ@ﬂ”@ém@mﬁg t he easy axis of
nmagnet i zati on Ofep &) domBHAS bl i : - ' ' gth of said
first magnetic f?_gc})gobe.i nggéslﬁﬁlé?%ﬁ{"fé‘}‘?%‘g egﬁglriﬁltuﬁdéﬁl %hsgfegg?coer civity
of the nagneti c Potionsafespid magnasiglayersusfoceatourdiativapubrgyai d first magnetic
field i applied to the entire surface of the magnetic layer for a
desired interval. 6. The nethod according to claim1l, wherein: step (c)
conpri ses app?-yThgymethod acserdingdo glaini 8rwhensgnet ic field of direction 25

opposite to sai { bk e £l trength i is_|ower than
but close tot 5{’ t%éy@?ﬁ%gﬁgﬁn%a sgwg ﬁferaﬁlﬁg‘ﬁee nfl%ﬁts'f%aedgg?m? ﬁ@o?ﬁagneti c

| ayer occurs as optidak eleetngnehreamnand iof bepinesowmegnet i ¢ | ayer approaches T, 7.
The net hod according to claim®6, wherein: 30 step (c) conprises applying a
second uni form magnetic field at a strength determ ned by the follow ng

equati did for IaFhemethodradcerdimy ts claini b, wieagi:ant squar eness (S) val ues:

step (d) comprises utilizing an optical radiative energy source selected from

continous and pulsed lasers.

11. The method according to claim 1, wherein:
20 step (d) comprises performing raster scanning or area imaging of said

magnetic layer surface.

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

convection, conduction, and heat transfer.

13. A patterned magnetic medium, comprising:
(a) a substrate; and
30 (b) a patterned magnetic recording layer on said substrate, said patterned
magnetic recording layer having a Curie temperature (T¢) substantially
above room temperature and a surface comprising a magnetic pattern

formed therein by a process comprising the steps of:



2 6 APR 2004 22 Hc(dMdHHC - M (dMdHHC - (dMdH) 0 where He =
coercivity (Ce); M= magnetization (enu/m8B); M = remanent 5 26 APR 2004
magneti zati on; and subscript O = zero applied nagnetic field. 8. The
met hod according to claim1, wherein:, step (d) conprises selectively

exposing said patterned.plurality of %elected ortions of said magnetic
| ayer surface to radiati've eﬁ@#’é‘ég.toltbe‘?syﬂ’ﬂﬁdr?é ergneticdayegrfigstt o cl ai m 8,

wherein: step (d) conprises utifdrinZhdpget® et difeattbnahll ¥svigher 9y
sel ected fromanong optical, electron beamy and ion beam sources. 15 10.
The method according to cl ai HGCieRisengthto suhsiantiglly) unifermips thes uti | i zi ng an

optical radiative energy sounfagnetick@etopthefmia2mRticasyet b §1'g§ﬁfé | sed
| asers. _.11. The nethod according to claim 12[,g vvhe%}e%i n?&golsteg d)

conpri s@s performng raster SEAASNSHSs reglonsithesedfnngi ng of said rmagnetic
| ayer surface. 12. The npgetho £01Fhd 8l iClaad gk (e)
ﬁlpc]ﬂ% a? o agrRtiCladdrDsdeon gigm%g?&?co

conprises rapidly cooling sai terned plurality o portions
25 of said surface of said nfgldef p secprddirectign eppositessanddnringrocess sel ect ed

from convection, conducti onsu&?@[ ﬁg%ﬂt},“ﬁ%@[fﬁfsiﬂ%ﬁgﬁﬁm ggi@ed magnetic

medi um conprising: (a) a substrate; and ernéd nagnetic
recording | ayer on said subssacandstrength af ait seeondaunpgnetindfiedd being ecor di ng

| ayer hgving a Curie tenperatis . i . m
tenperature and a surface co%ﬁlggét%alg?Hngéiﬁ%é@?%ﬂa%{deﬁ%%%oég}gﬁ t herein by
a process conprising the stepksagfmagaeti layRwhehthe 28ter is at afipst, glemged 0 t he

easy axis of said magnetic | [ LISt i far etic field of a first
direction and having %%eraﬁlré écfuil to %P éreﬁerrﬂlama’ﬂ%& insuf’ 101entcgo

alter said magnetic regions of said magnetic layer when
the latter is at a second, lower temperature below Tg;
15 iii. increasing the temperature of a patterned plurality of
selected portions of the surface area of said magnetic
layer to at least T, for a desire interval, by projecting a
focused image corresponding to said patterned plurality of
selected portions onto said surface of said magnetic layer
20 via photolithographic techniques, by contact / proximity
imaging through a patterned aperture mask, or by near
field imaging, while applying said second magnetic field
to said magnetic layer, thereby selectively altering the
magnetic alignment of said patterned plurality of selected
25 portions of said magnetic layer;
iv. terminating application of said second magnetic field to
said magnetic layer after completion of step iii.; and
v. cooling the patterned plurality of selected portions to a
temperature below T..
30
14. The patterned magnetic medium according to claim 13, comprising a magnetic
recording layer having a longitudinal or perpendicular magnetic orientation,

the magnetic recording layer comprised of a magnetic alloy including metals



sufficient strength to substantially uniform ze the nmagnetic st?p 2,5 t he
magnetic | ayer by prealignnment of 5 the magnetic regions thereof; Ti” R 2001,
applying to the nmagnetic |ayer a second uniform magnetic field of a

second direction opposite to and havi%g a strength | ess than that of said

first magnetic field,. sai,d second st gt.h of said second nmagnetic field
bei ng 10 suffi cis%%ctt%[fﬁméb’ﬁ;gfoupﬁgnséﬁu%ﬂﬁ%nho L g’éiaﬁéjﬁﬁ?@ﬁgﬂleg?gg?‘bns of
sai d nmagneti c | eeetdenbeaibouttwoP@tter is at a first, elevated tenperature
equal to or greater than Tc but insufficient to alter said nagnetic
regions of said nagnetic |layer when the latter is at a second, |ower

t enper at ur e bE. Ohé Patteined Majghdtic nieﬂﬁlh%ﬁérﬁﬁgtt@ﬁaihﬁm?@&ﬁ%ﬁéhfg AQfiskg patterned
plurality of selec e(il) portions of the surface area of said magnetic

|l ayer td at | ea8liapad substigte. 5 desire interval, by projecting a focused

i mge corresponding to said patterned plurality of selected portions onto
said surface of said nmagnetic |ayer 20 via photolithographic techniques,
by contact / Kr&sysemyor forming mmagnetie defn/ infoymetiar sterageapdrattieval mask, or by
near field inag ' Ahed ' r@c%gﬁits' .field to said
magnetic | ayer, giteﬁigtrneﬁl;mglingglpect ié\éerf%ngﬁrgﬁoi?ﬁg&tagg’ gnfélgi c alignment of

sai d patterned pl ur aingany fesfapeliing e magneis fighst to iaemgnesic recardingdagmet i ¢ | ayer ;.
Iv. terg natingy d Eaid t?llﬁ é}Etm%étFQ whRhAO ShoIBERA hbovk 6 L0 said
magnetic | ayer after conp efion o step 111.; and v. cooling the patterned
plurality of selcopewmthrg@endi ons to a tenperature bel ow Te. 30 14. The
patterned nagnetic | dj to claim 13, conpri Si a magnetic
recordi ng | ayer havin;ﬁgdngﬁ}rg%g&é%%ﬁfg%eg%]?at%@rlﬁ3?118ng'llrglf lar¥§rg etic
orientation, t bedectmeglyaicicasingthe taipecptirayts seteorep plusaity of poiticimgfdei ¢ al | oy

i ncluding netal §ur?ace(35 ofbélgl nzlé)g(r)léticzlgyer to at least T, for a desired interval.
15

17. The system according to claim 16, 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
20 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..

18. The system according to claim 17, wherein:
25 said means for forming a pattern including 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.

19. A method of forming a magnetic pattern in a magnetic data / information

30 storage and retrieval medium as hereinbefore described.

20. A patterned magnetic medium as hereinbefore described.



selected fromthe group consisting of Fe, Co, N, C, and Pt and qu%%% a
T, on the order of about 300C. 15. The patterned nagnetic nedi um Zmu
according to claim 14, conprising a disk- 5 shaped substrate. 16. A system
for formng a magnetic data / infornaq§N1storage and retrieval nedium
havi ng a patteyned etd c .recordi ayer. conprising: neans for

appl ying a maginlé is?,(&%lgg rdco?%n%aWﬁﬂﬁggwX‘@Edwa?wtqrﬁ%?é’gdr%evﬁgvi‘ng a Curie
t enper at ur e ( Ta) maliumhas harethbiéfotealoioribbd shdakitirefefedodio ah g biResfdigufes] and nmeans
for formng a magnegjic pattern in said magnetic |ayer by selectively
increasing the t rature of a selected plurality of portions of the
surface of said nmagnetic layer to at least T, for a desired interval. 15
17. The system according to claim 16, wherein: said nmeans for applying a
magnetic field to a nagnetic recording |ayer conprises magnet neans for
applying a uniformmgnetic field of a desired direction and having a
strength sufficient to alter the magnetic state of said 20 nagnetic | ayer
when the latter is at a first, elevated tenperature at or above Tc but
insufficient to alter said nagnetic state of said nmagnetic |ayer when the
latter is at a second, |ower tenperature below T.. 25 18. The system
according to claim 17, wherein: said neans for formng a pattern including
a radiative energy source for selectively increasing the tenperature of
said selected plurality of portions of said surface area of said magnetic
| ayer to a tenperature of Tc or above. 19. A nethod of form ng a magnetic
pattern in a magnetic data / information 30 storage and retrieval nedium
as herei nbefore described. 20. A patterned magnetic nmedi um as herei nbefore
described. 2 6 APR 2004 25 21. A systemfor formng a magnetic data /
information storage and retrieval nedium as hereinbefore described and
with reference to any one of figures 1 and 2.





