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@\ (57) Abstract: Patterned magnetic media are provided at high resolution and pattern definition by a process comprising steps of:
applying to a magnetic layer (4) a first uniform magnetic field (7) of a first direction and strength to pre-align the magnetic grains
thereof; applying a second uniform magnetic field of a second, opposite direction and of lesser strength than the first magnetic field,
=~ sufficient to change the alignment of the magnetic grains only when the temperature thereof is equal to or greater than the Curie
temperature T,; selectively increasing the temperature of a pattern of selected surface areas (4S) of the magnetic layer to at least T,
for an interval while applying the second magnetic field to thereby selectively change the alignment of the magnetic grains of the
selectively heated surface areas; terminating application of the second magnetic field after completion of the selective realignment;
and cooling the selectively heated surface areas to a temperature below T, whereby the magnetic pattern is preserved in the magnetic
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applying to a magnetic layer (4) a first uniformmagnetic field (2)6cAPR: 2004
first direction and strength to pre-align the magnetic grains thereof;

appl ying a second uniform magnetic field of a second, opposite direction
and of |esser strength than the firstlmagnetic field, sufficient to

change the alignnment of the magnetic grains only when the tenperature
thereof is equal to or greater than the Curie C tenperature Tc;

selectively increasing the tenperature of a pattern of selected surface
areas (4S) of the magneti gl I . for an interval while

appl yi ng the second rragne%A%%gé&gmfA %C“ vely change the

al i gnnent of the magnetic grarmns RAN@ IO]V° vely heated surface
areas; termnating application of~ttre-setond nagnetic field after

conpl etion of the selective realignnment; and cooling the selectively
heated surface areas to a tenperature below TT, whereby the magnetic
pattern is preserved in the nmagnetic layer. 2 6 APR 2004 1 MAGNETI C MEDI A
PATTERNI NG UTI LI ZI NG HEAT- 1 NDUCED PHASE TRANSI TION 5 FI ELD OF .THE

| NVENTI ON The present invention relates to an inproved nethod for
patterning nmgnetic data/infornmation recording, storage, and retrieval
nmedia as well as inproved nagnetic recordi ng nedi a obtained thereby. Mre
specifically, the present invention relates to an inproved nethod for

patterning t] Eﬁﬁﬂi iLpchard disk formsuch as are utilized in
conput er aﬁgaggﬁﬁt gﬁ?ie aﬁ@gﬁagpplications. BACKGROUND OF THE | NVENTI ON

Magnetic nedia are.wdely utilized in various applications, particularly
in the conputer i ﬁTdhLFsPrF ot 5‘1‘{81“8Pfrg?tf§ toa?’?e"ﬁ‘?fﬂﬁ%rfgﬁd’?‘ﬁ}wge'ﬂﬁgh t he ai m of
15 i ncr easi ngntapectiardaalinfomenion ireegrdil@ stbtaye, and eetrievah el tas NSkt y, or
bits/unit area, of the magnetic nedi a., Conventiopal magnetic thin-film
nedi a, wher ei ﬁm%lefidn’Ez-‘g“ﬁtl"gTeﬁ%rﬂm%gP @r‘i}’?ﬂ'&?lﬂ?%@yn&@ﬁ%fﬂeggéﬁyog}‘eI ayer serves
as the acti ve presamdriavengon fetdlésutt biyifprovelr methydifophtierdiny MRgneHS

"per pendi cyl ar” .or. |l jtudi nal " nmedia . dependi ng .upon the direction of
magnet i zat fon “E?F‘at‘ﬁéargggk k‘gm SI"%’ ‘tsﬁ‘f“s“‘f"éﬁda‘ﬂ“&,gmﬁﬁe“'%'QFBBH‘HFTEGFESF" recor di ng
medi a have beepplicationd superior to the nore common "longitudinal” nedia in
achieving very high bit densities. However, as grain sizes decrease in

order to achi %«%l&(ﬁﬁé@ﬁﬁ%i‘ﬁ?‘?ﬁgﬁﬂ?ldﬁt densities, e.g., to about 20

G/in2, effects arrsing fromthermal instability, such as
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



"super paranagneti snt are encountered. One proposed solution to theypsgiiezulh
25 of thermal instability, including, inter alia, the so-called

"super paranmagnetic 26 APR 2004 2 limt" encountered with ultra-high
recording density magnetic recording 2nedia, is to increase the

crystalline anisotropy, and thus the squareness of the bits, in order to
conpensat e f olimithe&neqvnteredr wigh ailia-bigh exscording adensityn miagnetic apppordiagh, however ,

to the fornmat} Vi i kb it {] ording nedia, is
the. formati onol bt Patsg i tritine wngEipY BTN BacREREENED Wi
conventi onal P ipcardes tegonipaesatetfprthe shadier graigmiees. ¢ nedi a, both _

“longi tudinal" andyy wﬂ%og'aﬁ&b%é?%"?g?ﬁ‘gthe%a%?p%g ve efi c medi a have

been devel oped, dependi ng upon the magnet| zatron direction is
paral | el o péangishalaguatiarreasding anediadiisa theufofraation of 0'pWiteewedf alediacat ed i n di sk

form such "Pahigidedo Medishube &t UohVenBEHR! GiflyckRfatiindS il By ONvENt | ONal

hard drives, w th nost e drive design fea remai ning the sane.
Thus, hard drmggnehiasmedia; petht tangisutinalieehdapempendiclany ypesnolipatterned pr act i ce,
conprise a SpiARiNd sk Hive pdensd e dulithl "GpRP MRl b N

cl osel y-spaced %H(gl.at ron _tﬁéer epb%n v%let 5pf§'agig%efghk\égr gp(%r Qéﬁp{g}:ﬁdt7h\é/vri te head

t hat 15 magnempgnedzaiiqn/diectipat ischasalieher mergensicutar ftp shel siedimmsvafaceng from t he
magneti ¢ iR dinthen Afbriedtel MGidOrofy, fshidis AR Rl {4 g by the

At om ¢ Force M?:r oscopy ("IAFI?/I' ’_ngol; .Sac doﬁpﬁﬁ?frﬁga@ergra%étgsdg) al ., Data
St orage, Augudte nomwentignal bard agiyes, gvidhmop of fhej drivigt ddsignefgatiss scanni ng

extremely cl Ofgbing 1 hheS Whisdhsia Olrive.oh AphbRITRIA eShBlogHe Medi um

The tip is located at the end of a flexible cantilever, deflects in
response to cMNAwded prastiesn eomprise @ spinping digk wish asslider head fying abgvesitanni ng. The
force may ari §fcihdeRepaced FE1hifdnYin@bio S5 L FbLS sen +£k"/|8}‘ ygéa@ﬂ'ﬁt%ﬁ'éaﬁr & 12
magnetic force. To’date, only two types o? ,Z\ drives ave Dbeen

denonst r at Bd, mageestizesygnidioe detaete theananetinl feldmemanating fierh ythe Magnetior ner 25 type
of AFM drive, mwahi,ch provides wite-once/read-only capability, utilizes a
heated AFMtip for witing once by formng snall indentations or pits in
the surface of a A¢noxtingatoea figst gpprogsh, poexeowlifeshby ¢he Mwmic Farceead by usi ng

the AFM tip MAcra&dPy FAEM NafbrdRHISAERA (I YefRCPa 2 BSER 2N Aulle Changes in

the force o
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 Si0, master by means of an electron beam. The data, in the form



i nposed on the AFMtip due to the presence of the indentations. 3@ BhAPR ZUU'}
| atter type of AFM drive functions in a read-only node, and data 1Is
initially witten in the form of |ndentat|ons (pits) which are created in
the surface of a SiO2 master by nmeans3 of an el ectron beam The data, in
the form3 of the |ndentat|ons is then transferred, by replication, to a
phot opol yrer - €dig e@‘?‘é%”é i {Ben frapsierrednby: repdipasionptst ¢ misetopalymerr ed by

exposure to uldokted ngsQ Eﬂfs&ﬁt%hx@ﬁ%%b@ﬁn&olstéﬁ%ﬁgy e)trp%xg}: o SiHfL aCe

t opogr aphy repr.es @EV dat a data is t fromthe cured
phot opol ymer Sielet B pdiationntqi theyeby formie suaceAPRegrinby trepreseniing thiie changes

in force ther&ﬁta ¢H@d£t91$tth§1 ifeﬁkij?rﬂltnatﬁé or&d p hdﬁ&%@rﬁf& Elﬂfa%@b%?ﬁulﬁﬁgond

I|thograph| ‘Q‘é‘g? thin filmprocesses as are '1zéd in the
fabrication ofW %%%P@F“SFI‘R%SW%@ force tharegtcdueitrie indentafions.cr on- si zed
features are adapt a@céﬁrgwakhagecbﬁcghlt@g%% dplobdh, unﬁ'tﬂﬂ' fro ‘IQJ ym/ bi t,

per pendi cul arl%‘fﬁ)atterne medi a. According to one 10 particular approach
(M Todorovic &t are wilized a4 theafgbricapips, of ggniconsycton mtgamyted disaityned t o

i ncrease coer Cindludidg niiEidAR8iz8d drdst ¥re Oddaftble fdr%%ﬁ?“@h £ TR,
el ectroplated ni keloéﬂ( Ni % is utilized for formn he co ums, and gal lium

ar seni de (GaAsﬁm o ThaPypgrsieglarly - patisrpsd o?'*é@:la adcgerdigdion@neredi a f or

the col ummsp Tﬂh@txéu&bﬁ%ﬁ@dch@lﬂ Wbdlﬁ&ﬁcsetsal apkss swrz'.g} myerb@;:bﬁlle/éﬂoby
conductive 15 As substrate, on which thin | ayers I'Um num ar seni de

(Al As) and Ga s1gneds 105 RCECAE S TOFEANjtY d B s istabHlity & ﬂwymﬁm@@hpﬁvmmam epi t axy

("MBE"). Scannd:l&ﬁ“opl@ie@%é\@ﬂ(lbi?%hhiehqgf mg' t‘ﬁe tclaﬁﬁ)nngt hld g © define
t he magnet patterns %n the  resin-coated sanp w@atterns In the

e- beam exposed® PR {CaAD W ABIHPRALQN pre; %Pﬂf@’eﬁﬁs smpeddpeiregdia ©p| vent

system and t hefhe tcoRAmE. eTmeeeﬁbn@aﬁob)br&Bs@rHt&ﬁhbmx éd eReicaAlLbni@ivoeam et chi ng
("CAIBE"), .int f,.égsqbﬁ{a(t)e/GaAs | ayers. After pattern définition, the Al As

| ayer is colﬁve R&?@chﬂvn\lﬁ‘lerstqﬁél“ﬁ%’?“m aFxerere (Adhs) amh Safhus- pr oduced

patterned | ayejre a@dc&saayaiem%&kd hoby APRb1AREh epﬁéfol"MﬁE*)OScaﬁPﬁhgnd' ng the
pattern of depressi @r pendi cul ar Ig into the Ga substrate. The
=

et ched depr essflgHon; Fla"E ographyds tep ytikized ¢ %Frﬁée th?éwgmtmawwrt the 25
el ectropl ated Nsin-coMed Binifi& dhbatiefsSH HRONBeanBsBoded ki s‘rmw‘éﬂo e®S by

polishing, to create a snooth surface for accommodating sli der cont act
t herewit h. utihzing 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 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-



Thus, the overall process sequence for form ng such nedia requirgg épg 2004
successive, diverse technology steps for (1) MBE growth and mask 3 ;
deposition; (2) electron beamlit hogrqﬁhy (3) chem cally-assisted ion
beam etching; (4) wet thermal oxi datl 0 and (5) electroplating and

pol i shing, e. cal - mechani c ol i shi %, The result is a
conpl ex and t?cr?fésugu%gg ¢ W4p5?°858n ‘ﬁ' fx f%?ﬁg ?:élﬂleoﬁb edeweEbed \pr eover,
each of the ammamscfasn ﬁmﬁmeapﬁdﬁamhﬂiﬁadhﬁé tﬂﬂm@rmﬁﬂvdmﬂbﬁamnuf acture
typically |nvoIv tial capital inv he process

equi pnent , V\hlcéﬁla?B’d’@iWgr?r}%tﬁenprﬁfég?%f?é‘}e@nf” ¢ r“bg& ’éw’élb%l“gﬂef‘ r ender

t hem t oo cost mrocfessrcomxlm ré’lidghthaﬂ(mhhb‘stl}t for asegh pigh préiub@BEREEHpGt di sk medi a
manuf act ureg Yet atéﬁ&‘ roce for form ng patterned magnetic nedi a,

whi ch processmailn éﬂﬁm ‘ﬁ‘\’%rm ng servo patterns on a magnetic

medi a surface, isYdi an&tbse;ﬁodmys Bor fBrleg@attdSmaDmi@mﬂny a&td, gfgch co- pendi ng
U S. patent aqoﬁl i cata ue No. 09/1 0 657 ﬁ Aggust 7, 1998, and
i s based upon The™10 V\/8I F Sﬁ@'f’tpﬂ %H’&ﬁ‘ée 5Ied® SHeRfSetic fil ns

of exhibiting ia dxadbsafdebgsea |81 I@memcaom:ﬁqnly( hsksi)gnw tcb-pending 85 gakent enper at ur e.
Such decrease jin er e is ur entl ut| lized to
produce magnet |p3h°31ura esrl'a?N8n@ ﬂ%ghéﬁ%%ﬁefﬁ%ggnﬂ}déf BPLUPOR t rare

eart h-trandot i eell-knetwal plopéby oﬂ'l\zﬂh}nomhm |oﬁ|xﬁagnstwclﬁhﬂss of deblbhhlﬁgl ar on (TbFe)
devi cos typ el PRy s et SUndrasty o or o ABHHARE B “hot spot”
on t he RE- TM baslednerede anstem‘i:aamre whiclireentlg i wilizédne opredu@p pinaghatic on of an
ext er nal rragnetl C. li.ed to.the nedia. to .reverse,ihe direction
of 1ocal magnettuphoR T DaRRPeR S it £ FES Pt ialion BREECREDon b <
effect or FhenﬁMémmrid{aJ@udhas tqnhsimpdsdebHemﬁtdmaxtiliE&l iabﬁngaetaaptﬁdabged u. S
patent appli;ca rai.n nedia, e.g.,
servo patter ns{’ W? ﬁeeco;s?l}?gf g%"ece?)fsuﬁgﬁﬁdﬁ ttp%'cz}ne (Wg?y gafgﬁuﬁifgqase% cording to
t he process di sanofoedrdating ei"hot spotteathe RE-fiNiahaseigmedie surfagnehile nmedia with
a spot of focusse I aser cus

of radiative esr‘{’@}1 gy e‘fus aaphcagﬁlma?ﬁ 2 e?{tg@g{ Tagngtsﬁoﬁ%ﬁ)%gpgg&otﬁﬁ%é 'fe‘ﬁdéa gg ISlrjnr51 19 :Z:e
of a magneti c troaewritinglifettiom ofiochlayaghetizadunotithin thericosllyl leyted aleas been
Based upon this effect or phenomenon, 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



subjected to a pre-alignnent treatnent by application of a strong rga%ﬁti C
field of a first polarity, to selectively heat and thus | ower the2 R 2004
coercivity He of the magnetically prg-aligned filmat the exposed areas.

In order to generate a nagnetic pattérn in the nmagnetically pre-aligned

filmor |ayer ever Q polarit ker etic field is applied
(from an extert r}?gyf Etsa\érﬁ)?%'g?% o ?’ﬂ%atf‘femﬁ'}A‘E%Pfcglggggﬁ‘?'f‘ti?g‘mfl?fe%g%bv(ﬁsur e/ heati ng
process, the rahative enggy axpdsyre (Weakden hothghiet dieecfivrebfl oFientativyg & st rengt h

bet ween the coerciyvi f..the tic fil 6 _APR 2004 5 when at
ambi ent room ?n gﬁ%éélrz lg{o\érog tp¢ mgene 1\%@5‘ R %ﬁﬁ Vﬁéﬁ}e%geeai’edsﬁaéct ive
radi ati ve enecgyespxaoguo ¢he(axpasure pahen idretversed Bhetodthé egilicaion@f ther i ent at i on

of magnetigzat] e magpet.i.c fi.l mor | ayer at e selectively heated
areas cor r%s%%%%f’ g’éla{l@ T?ﬁg’ggcx E|c;“61(s(i udpgn%g etpélrt?{xi%p‘?sgv}é"’%ggﬂe JG¥me, ¢ he

appl i cati on ofstagt s copsequenee, pahagneticypatiary iefbmiedfin eHednabmetionfiini dre pattern
exposur e/ sel egt.j 1eaf | . S e. As a.consequence etic pattern is
formed in the(fa[r}}ﬁ}glﬁkgp‘?lc‘%‘?ﬁ‘n%sor%%%f%y 7 s%‘?qé‘ﬁ“%pg? & ?lf i%g rg%g{{gf ed upon
subsequent coekpased pfitidnks of thelfibubr pdry exposed portions of the filmor

| ayer. VWile the f Lbhilidy.of t abgve concept or process has been 10
denonstrated in | a%?gt%% yé%éfbﬁlg?'egs}‘,ethgb%é)y%ﬁg ct‘c"pt&m ﬁé?cgﬁsr ﬁ%s B?ﬁqi biting high
qual i ty maghetdemonstrated iib ildhosatdra studesnolpaimdotre ndtpatternd exhibi@ng high r easons,
including: (1) L .pne i gnal .strengt h- adaptation of the
essential dat é’u%igggr?' A ﬁgpct%ﬁ%{é%ig E?Ssl E‘iﬂege ogmle?‘ﬁmRE{O%ﬂgi'%aelr lr'ref)lsrrdé)?gs:fneti c 15
mat eri al s and imdwdiing: such as of TbFe, to nagnetic recordi ng nedia

utilizing thin fil or rs nvent.| neti.c.alloys conprised
of iron (Fe), cobft (’E‘i%?s?{‘%r‘?i schl%ré‘ﬁ“gs?r\ﬁ“?,é‘%‘ﬁ?%ﬁ?“%ﬁng(%ﬂ}‘?“°ﬁl 3’[p|hr$um(Pt),
etc., incurs asseoiaipdite ateonding ncohtept wilipdiowdth REETModemondgyetid, of the
latter-mentyoned.; IBIAGIdE, rsf%ears'o? Féj?gfgggnsegsré%} e RSEEaMGing"
tenperature, the ani sotropy constant. KBt S500ee eases WBn i ncrease

i n tenperat ur ghinAgma ot taysrs @pfi eroenticnhlemagnendalivgsl cahprised ob from (Bbgcr ease in Hc

and K,, with i i r re is.~di sadvan eQus .in _several
respects, | nclcgg%lﬁgég’brrﬁ% efgﬁgb?k%m %mtﬂ'cé)hsﬁﬁ%fngﬁlst(ﬁge?t\g\kéﬂcﬁrﬁﬁél patterned
and non- patt ercosglicatiensn thatwaltteughultise codravity d. &0tk Bfter-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 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



peak signal anplitude ("PW50"); and weak signal strength. 25 (2) g’b@mé
pattern uniformty- the shape of the transition patterns between 004

di fferent nmagnetic orientation is determined by the tenperature
distribution of the selectively heate® areas of the magnetic filmor

| ayer resulting fromthe heating by radiative (e.g., |aser) energy. The

t enper at ur e v&Ver fiestilgh swtage. Jhe; raspling magnetig rttaa%mppaﬂemsean awhibiary from
area-to 30 ar Qs {Riaf68bah siz8 &l PdhSpe. F@Jddﬁ?&ﬂrgﬂlc@thetcla&cfvﬁ pative energy
supplied to the varjous selected areas of attern can vafy due to

pul se-t o- pul s%faérﬁ‘éh"ﬁye Ragretq plioy fdms phleyqrag'mcall)smlhs bhahoubvedOi f the i mage
geometry is quj éver alQisk urface, p@tt&ﬁl?}m%&%y@n@\éﬁﬁaltsgﬁlgm Eé&é&‘sﬁﬁgl the

resul ting gﬂgnetm transition patterns can exhi stant| variation
is both siZe FRUCYRHSANENEICAYNST #FBN, since the coercivity H  of

as-deposi t ed MAGNGB) C ByhiiclcbdrBMitRlihd AYGHeRc SHRINGR) Ik y about +/-
10 % over a di skqg)urfage lcgt trerlnﬁunl fog{r%(t: ﬁﬁlsérgﬁa\é?{]&]eﬁrgggth w | |

necessarily B ‘\F&W‘“B‘?/@Fmﬂ‘fé Dyethn dngld qf fheepo F&@tel’(’@)OfIﬁwmlcoer civity-

the magnetic sdEbi M8 cOmbinb@RSftheRgtahdRoolin tﬂﬁgﬁéxmﬁéedw @iﬁ“ ly by the
| ength of the cool.i r}ﬁﬂl nterval of the thermall cycle (I
[

conbi nati on ofegEts Antpyerodr i%dpr ttp nfég’) %Wmlém*}é@“b‘ylth Iskarp magnet i c

filmor |ayermagdetiOnaasitidm, itol’@meeessai‘-gfl@tgeﬁerﬁlété REBn¥ dafleri NG fle 10 MRONEL C
transitions 1§ necessary generate a heat i ng pattern o the

sel ected ar ea%eHWﬁd@FFaﬁ&?’cﬁ hla%\? éaéget terpartare gradignt aedrdhe edgentherepfe edges

thereof. To @ehickée th Sa skdrS hﬁﬁﬁalt@@l'émglrew&h Qn'o?déretgufnfn?r?nf n order to
mnimze expansmnée ..., W dening) of the tenperature profile resulting

fromthermal P8RRI lgoﬁ”‘fi?f“‘%ﬂ%éfﬁ?%g‘ﬁ@??r&mﬁH‘"ﬂ‘i“érresll*li‘yérmm—@ﬁ@?ﬁér as the

duration of tbéhdd&iohgh@nagietit il &F MRS BowdvhC a8 IR Ghr¥idnYofOhe t e Magneti c
corresponding to the cycle (i.e., switching) tine, terned

filmor er
the " dyna(,r:]iy5 themral cg¥gle; gecreases. ithe, cearcivity, pf othe cmegnptic fHmygpdayeri mit is

i mposed on hoverresinding tot bR ERENELE, CsviichifgP tintedW&ined 2ffie PRyRMAL €d Wi t hout
incurring significant, dynam ¢ coercivity effects. The sarre upper limt

det er mi nes t héowmynumrmﬁmssquew A% PRiss [imH i impesed opshewmmidly of t he

L enPer at urte vawln@ugﬁé@mﬁ R laQ8Gak Behdale WithsMliAREgRRffich} dimig finite
eating rnterva
9 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.



Accordingly, there exists a need for an inproved method for form @d APR 2004
magnetic patterns in nagnetic data/information storage and retrieval

medi a, such as hard disks, which is free of the disadvantages and
drawbacks 25 associated with the abové-described process, and which can be
i npl emrented at a manufacturing cost which is |lower than, or at |east
conpatible with, tRea pefsentcivemion Sereforpmaddressesupidgolvet Ipoabdinegi es and

t echnol ogi es f,Qndh@ Bl ' ' . r exists a
need for inpr oveccll_1 lgél tﬂ?artlteeg@a Bngé%g?f]%&geﬂgl}l{éﬁc@%gh&r?ﬁg %itg?( g‘?’m whi ch

exhi bi t uni f ordgicyibadhpeetss.amd sfEards BPids est-pifsctivie fiabmisatiomagfhkigh ditpat t er ns,

such as are_erhfyLparlefed %Jg%ﬁ&iooﬂlte%iﬁ,;g%f A thet df kR rﬁ?sgpe&zlilif%vnem a. 26

APR 2004 7 The present invention, erefore, g’gﬂres.ses and sol'ves probl ens
att endant uborqyifing pubsigntipdly fall icempasiility vith fllamecherical cod rettictrigalt 0 t he

above- descri hggcRr OCesiventthdl AhOLES t&%g!;)lggy. glglyeb@%r; qt[;éh ién\:{?erjle%b rication of

high bit density, patterned nagnetic nme _ orm of hard
di sks, while 3n38pJifi ey slihe mesprd| inyerttigh | canohpatitaply| andy reliably al |

nechani cal angn@LRehfdCH) suiddRe S&aﬁtaﬁ%n %9&7?(13 ?ﬁhﬂi@ﬁlomh@f Qorlleftibnii©chnol ogy.

Mor eover, the patterned ™ magnetic nedia o e present 1 nvention can be
sinply and relmanpfagturingiseimitiessnd appajatesui t abl e adapt ati on and/ or

nodi fication of conventional manufacturing techniques and apparatus. 10
DI SCLOSURE10F DIBELOBVRNDIONAMNENBIgNge of the present invention is an

i nproved nethod of , form ?r:g% 3 ﬂ;ggneti C. pattern in a magnetic
dat a/ i nf or mati on stABr%f{ﬂém dof FEtRPERaIVERIAN Utnan ARBEGYET meednefage of the
present inventfoeing S alaghclbrved inld HBABR! dedkdmRabl aidhad fmgnetic
dat a/ i nformati on sH orglge and retrieval nedium Yet another advantage of
the present ifV8RYY BRYF® an inproved apparatus for forming a magnetic
pattern in a nmagnetAncthelataabantdgar B’ﬁtﬂhenﬂreﬁhﬁriﬂ%timdisr &h' igydlegredi um 20
Addi t i onal gdvant ages. asgec& s, and of jr features of the present
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 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:



invention will be set forth in the description which follows and ingpAPR 2004
w Il becone apparent to those having ordinary-skill in the art upon

exam nation of the following or may pe | earned fromthe practice of the
present invention. The advantages of "t he present invention nay be

realized and obt ai 25 parti C“1L4l ar | glgg.oi nted out in.the appended

ed as. .

clai ms. According (?)d’r%‘ﬂglggﬁ el medupingluiing amagasiiciresqrding laver o o 90i ng and
ot her advant abpingar sarfada{ the feagndtio rguardingiiyyed corprisiig axhaghetidmateriad magneti c
pattern in a netihc. data/inf ion.storage and retrieval nmedium which
met hod conpr i gagvgngtah ““s?geérf}%er%‘l’r??ggr%}bﬁ}ﬁﬁ”%ﬁgo 0L CHPEITUER ng a nmagneti c
medi um i ncl udi ng abraPhdis © the anptio gaykeny €fst uhifotmngaghetd!fifldaeoea t he

magneti c recokd| .aver, co i si.n eLi.c er.i havinng a Curie

t enper at urgS (Eli%glgeﬁb% an Sﬁ’&@@ s‘éflgﬁlv'été}? 5‘6%@%%&@%‘3?’@%? BREHSI yving to the

magneti c | ayestata thexreo§t uni f orm nmagnetic field of a 5 first direction and
strength sufficien(]% anti al uni form ze.the ma state

. %} %%y%nugt Stthema tlcyl er a second unifs g Q?Hdcf .
thereof: (c) appl yrhgrtd & ne “iadhetT & a§EP Qe ARt F6 N Aagnet i ¢
field of a semomilditeationtdppositeppamidt« ksenmeength thes ket oftthedigéth t han t hat
of the first netdc field he .strength of .t econd..magnetic field
bei ng suffi ci éngl%tn(% df%l’ énetsérfhgtﬁg?%gsﬁ‘é gén%gpgfcegegq %f'ﬂ% 5‘%&@‘5@3% | ayer when
the | atterll sakdr the friapsttic stapd of the anaghetitplayat wiied tRe|lmder isoatas figr,eat er t han
Tc but insuffigient.to alter the magnetic .state of. the netic | ayer
when the latt 5&’?%5 SPPged éec%%la{]tol oévgé‘?‘tertdéar?p];rbélﬁ tﬁrf'sgttﬁﬁlgpto\%rﬁg’f ﬁ'(’ d)
sel ectively i magesisistge dheheteagneticatayerewlodh the lduenst ataneecewl, doveed 15

portion of th of the magnetic layer to at least T, for a
desired int e?e\/n%légaft%%lg&g%pl ying the second magnetic field to the

magnetic |ayer, ttirselostivelyl excteasigd yhealetperatug: dhet imagnedel sletedt € of the at
2ot one L SehHor B0, B 406 FOERELIGe RISl LR SRR
conpl eti on of istreg, (dhjle applgingfthe cearohd mepghdiie Bdld te dlst magetis ddyegt ed portion
of the magnet itl?erel&ys%[ectti\%lyaaltering 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



tenperature below T, According to embodi ments of the present inverg §OAPR 2004
step (a) conprises providing a |ongitudinal or perpendicul ar magnetic
medium e.g., a disk- 25 shaped nedi u§1 i ncl udi ng a di sk-shaped substrate
supporting the magnetic |ayer, wherein the nagnetic |ayer is conprised of

a magnetic alloy in di.n nmetal s sel ected fromthe group consisting of

Fe, Co, Ni, Ci";t,ré(lﬁnaoCtJ ?ﬁésgd"aﬁnett?f lsay?f?élnﬁasé‘ﬂ%ﬂ“&w%lgfeﬂg?g thandhe PSe or der of
about 300 C; sdeeqivifybdf the mphaiedayes abmbmnieinpérhtyreuandf the it npgndtde magneti c

state of the etic |ayer re 30 alLgning the magpetic .regions
thereof, e.g., y%eg'éraPBﬁl 'tﬁgtgée%t‘fé?r %°t € %;S‘F% ]r‘i‘éjert‘géafqe?‘ uni form
magnetic fi el thtarsalastC(ayrmgmptises abplging thd se26id dnifcinomggrehie fieldsor axi s of
magneti zation the magnetj c.laver, .t netic field 2 6 APR 2004 9
strength ofsot ﬁfe%l'cf]:‘;)rg?po gtﬁetb? grsﬁéﬁéﬂetubﬁ?qﬁgp %ET@?‘EH’W% 8oV thafler ¢ han t he
Dc coerci vi t putoflost e tim gihedei lowering e thd magRizationpe tRtmigemnHEydrhe fir st
magnetic field bei lied to.the entire surface of the netic |ayer
for a desi redoccluﬁstaéﬂg%l?e?'%ﬂag © f’%}‘e&?ﬁ‘bﬂcé@?r 5%?%‘7]%‘??9?%% "éaé(gg‘fgfd uni f orm
magnetic fi el exanipls b deethiiod by pes iof ahd doltdweng ieqtioneign etagsetici el d at a
strength which is | r.than but clQse to that where | owering of the
magneti zat i on%‘*e%?]ﬁ%ﬁnﬁaﬁs&n?%quﬁrg{}%ﬁ1595@3%’s as the tenperature of the
magneti c | Wyer approaches T, andHgiM/dHhprM.exanpl e, be determ ned by use
of the follow ng equation for )i C—(d rials with constant squareness
(S) values: 10 Hc(dMdH) M (Wﬂ"l - dH)o where H, = coercivity
(QCe); M = nmagndeiedat + overdieigu(QPaBY; = Magretizaion (ani/mniR Vet irshmdne@n; and

subscript 0 = r Q. lie neti.c_field: ste d Pri s rai sing the

t enper at ur e of"% agn%é%%glr r?@g SSF%F'B{I |bt y SF° §%‘fl}§§t'§férﬁ%?tlegﬂ§s‘t%?‘§f t he

surface of theomprigeetaising thy empentusd of aepsttrndd plurlity. of sbigctedpatidrisvel y

exposi ng e tterned.plurality of portiqns of the netic layer to

radi ative gﬂe?@?‘ N s&gaceé’g{r?fgrm aatg?eﬁlﬁ¥%'°r[)t3ta? i:g?sﬁqﬁfe'gr’a?aisr\f‘ft&g@e?ﬁ%qsw f or

sel ectivel y expgsiterged pleraligtof ponien of tHeumaghéticylayef topradittiverenergy, byr oj ecting a

f d i e on the selected. portions of. the surface of the magnetic

| g_;g?s\?i a' gﬁg tg8 eir%tﬁlg éirpaag?]m 85‘ aeéaﬁ\m- anlltjeregg/,sforbvlectwe?y exlf)osmg t%e patteme% 9 !
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;)



20 contact/proximty imaging through a patterned aperture mask, or? ayAPRafgﬂl}
field 1inmaging, wherein step (d) conprises utilizing a source of radiati
energy selected-from anong opti cal (gjng. , continuous or pulsed |asers),

el ectron beam and ion beam sources d perform ng raster scanning or

area i mgi ng he netl C er surface; .and step (e) conprises

rapidly cool i %‘E}bb 1 a“gt a2kt {?5’)6'%“15 it & aﬁBFP’?’B’l‘Fp 18,3 Magnelist one
process sel ec'pa;dmffoumdthm(byla@mcessmmdméingmeste}ﬁm heat transfercI

Accordi ng to anot her as f the res |nvent erne

magneti c medi um cofpri sgglym@a? the e§ ‘gfnée ma%rﬁ“% yfrb") ?"aspb%{%q‘@r ned

magnet i ¢ r econcigmgic| &gldr obra tfhe slmdsmbri adnd, hivisy spfficieft NEEndiMaBet i C

recordi ng lay i a AE;& 2004 10

subst ant i al y@% s%\gt\e{dll?g%nrﬁogfrzrf)gl? a “ér?g‘e °é§19f'3€%’e'6“0 Ff gY M a magnetic
pattern for rredligrtmmecbfnhdayxagnewmgxemherem)rl sing the steps of i. applying to
the easy axis of t etl first unifort netic field of a
first direction anll(?f hava?ﬁqgl%u? theéaéﬂe?w&yf %ﬁf?f‘dt‘lﬂufm%" gﬁ%@‘f"éﬁflflal ly

uni form ze t hef aaepord dlrecst)mbmaoslie tohwad rhia\gﬂga‘alsttedga\yleis than thateof saildi gnment  of

Ui 1 or m gty RS Helk e sutaty BB HsB Rt 60T ek SEH navi ng o
strength | &&s tq dlgen tftekva'gnmént sﬁthd magnetstregmgmétlieomfghalodaydr Rdestheengt h of the
mmgnet i ¢ regl ot i s aRE A G sabl, RS ErstE pl PP 7oy

el evat ed t enpérsaffigiost qaleer theoal[gnmgmteaftther niapaatic Tegitmst of thesisghdtici ent to
the latter | e ahedie b RLREbE I PR etietdfr RO F1 1 selvctively

i ncreasing the terrper atsaleetivefy mcrmmgmenaﬂpqadtureafap&teméd plifaligadfect ed

portions of YEL Lot terval

whi | e appl Vi nggfﬁwggé%%é ma%ﬁlegnenc I?ygfgn # Ieésﬁfg rt;%{g‘%g?sl'r&é I“g%‘g t her eby
sel ectively alwhelmapglyidgethﬁesgmﬂlma@bmcgﬁaﬁmb thé mdgaetrmgx@ert itiergbggi ons of the
patterned pl ufy ét%vglyogltersu?gl ﬁ'x%t x%z(\jgngt?cr %ﬁg%ﬂ'nséntogf tthe magn Q:eltelgx%ns oy %r

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:



iv. terminating application of the second magnetic field to the 240 APR 2004
magnetic | ayer after conpletion of step iii.; and v. cooling the patterned
pl urallty of sel ected portions of the magnetic |ayer to a tenperature

bel ow T,. According to enbodi nents of 1k he present invention, the patterned
magnet i c medi um co i ses a_di sk-shaped substrate and a Iongl tudi nal or

25 per pendi cul ar n%ﬁét Prcanphing aimagneticalield to @rmpgnstie) reserding lavaroy of

el ements sel epivey fa @G tenfpRrandl , (T widhd 1Ptsu9§Q1t1Qﬁ;V'={wv@ rbom©n t he order
of about 300 C. According to yet anot her aspect of the present invention,
a system for "“FHFRMYG28d magnetic data/information storage and retrieval

medi um having a_ 3fedd!fberaifthd BURSEG: HARAT th Nl AUSeil IR ipges: 2 6 APR
2004 11 nmegns forw%gflyl ng a magnetic field magneti c ‘recording | ayer

havi ng a i Selectivgle ingteasiae th?éf)mﬁﬁrﬁn&ﬁOf%seﬁ?I&étpamll%Pf Rerigs wétheoom
tenperature; aagndie ayer tbaf led0TMoPNYdRirbPRIRAL.C Pattern in said magnetic

| ayer by 5 selectively increasing the tenperature of a selected plurality
of portions of t hefc {9 embodiments gf the nressul; inyentipp, thy mgass f&d i nt er val .
According to epiiads aemighetRf fidd'® ME %ﬁgﬁ&lclréleéaiﬁg Laper &h@n%%’gnétor appl yi ng

a magnetic fleldtothe magneti c recordi ng er conpri ses nmagnet neans
for applying i Pbépmng%mﬁoen magaegic @Fldé’faégﬁlrleéé]"?ﬁ“ﬁ’ééﬁq ¥¥ingnd havi ng 10

a strengt hl(BUEfstréH_g&NufﬁdPen@Haﬂt%r ﬂ)@%aﬁﬁeﬂ@%{e(bf%{eq{lfgn&ic he wiegpet i ¢ | ayer
when the | at rst, elevated nperature at. or above T, but

j’s
i nsuf ficient ﬁ%te'é’lstaé? ﬁrstt tfée"ﬁt&g;ﬁ'é‘lﬂe@“g‘f LR aB?Vet?vé’“hﬁ’ﬁ‘I‘fgt"F’&‘ tp aljgr when t he

latter is at %e&ﬁfg@&@b stat®WEthe nia@haRAlck vherP@E Perlis;at #B6EohdGowdans for
formng the netic pattern includes a radiative enere? source for
1

sel ectively | RS Petome Toe il thegmeans oy, famming, ther mMagRealE gildersr t he

magnetic | r’iyeﬁndhﬁles?l at @Hﬁﬁ@%ﬁ&@ Sdurck, foRrseRBONE: incREShd iRNSdlecidVant ages and
lnventl on w | becone readi |y apparent to those

aspects of { ugr sel‘{] I
ski |l ed in'} h@usity phrogHang af POMRBRGHH Y P Atmparatelc-opiosh, wherein
enbodi nents of theApdigs@NtadviNGeE 100 RpRtsSBOWRE RFent invention will

become readily apparent to those skilled 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:



described, sinply by way of illustration of the best node contengl gtm,fmm
20 practicing the present invention. As will be described, the present
invention is capable of other and different enbodi nents, and its several
details are susceptible of nodifi cat'Pon in various obvious respects, all
Wi t hout departing romthe spiritf of. the present, invention, Accordingly,

t he drawi ng and d:éécffsﬁtﬁl%ﬂ‘f%fies"%%“%‘é °F°é§jg‘°1‘°ﬂ%‘ﬂl ¥iewiof ppyexemplary e | n na'? u%le,
and not as | i spphmatus Y& pradficiRihEMmeoS IR ResdN: Mrenfibly ARAW NGS The f ol | owi ng

detail ed descripti f an eghodi nent .of, the invention can best be
under st ood V\/nenpr L}gg i?hs %B‘H]pgﬁi‘gisg‘r%“\ﬁ“i Plap iews ofi 4 BaEIsL 2P R 9§s, i n which

the various f@abpfacfus®df®IGAl necessarily drawn to scale but rather are
drawn as to best illustrate the pertinent features, and in which |ike

reference 30 &%l I roughout to designate |ike features,
wher ei n: 256 REE( 6§NW@6§]Q nplified, schematic
cross-sectional vi'Bw pésedtnnendorphar ¥s a pppdpah hing drovisigr af4 siedpleg t he net hod
of the presen | tion: .. S simpli.fie schematic plan view
of a magnet aé"s“g%?‘g’ !(:)riﬂ fe{l%;elgélg%h?fl at%ﬁsfonﬁngFPg}B‘ e% Pg) ﬁs&gﬁ‘gﬁlﬁ’b\l OF THE

| NVENTI ON Thesyfaesseoit magnesn tacondingdayersaJorauserin noanpfectusingnhigbr aveal si on of a
sinple, convenj , l;:] . for formng. neti e _patterns

W thin the  srer el Gl onthe %l RTRIAG for

manuf act uri0ngoprrajion avidatonvengiooal diiskgdrie reshnglogha tand iwhidr may ieiude ecor di ng,

storage and r | eval ia.for 1 ration, wth conventional disk drive
t echnol ogy, ag%gﬁ?t%ws%%e?n% t&aé&egtglr%vrgédﬂ)%({g{og}/'n?'ef BF Sﬁg{;m%?/nnto fe inventive
met hodol ogy. Tdlies jargeyeuponitevheintds omethodeldges, dndigsumentplitivs ceodntly ques,

met hodol ogi es, .. [ NSt ntal.ifJ . il .or. .odi fi ed
according to P H@g?éﬁgﬁ Ordéﬁréegﬁf és(’%cl)#é tlto(r?\% r%é%%%ﬁxﬁé ?‘%t\}}gé’{e%egﬁl?’g?nglgﬁ)t‘ﬂg
manuf act ur e othemegnfatiue afedhgeetic Tiiediai Theamtention ddodms,laa s primgpahaipy, i nci pal ai m

dat o/ i nf or it PR SY Gpiah el HhC Bt RESIR"GesbR] Hahokn " hsBhne, TRANGEES
whi ch can be dawinfomaction rdording.storags an¢ shpaslindde, »it hard disks, ehicbonvent i onal
magnet i c r’redicg“ be manufactured at a cost compatible with that of conventional magnetic
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



The present invention is based upon the discovery that formati 021 oé R%U‘i
hi gh pattern definition patterned magnetic nmedia can be acconpl 'gh @
according to a nmethod which is substantially free of the above- descri bed
di sadvant ages and drawbacks of the md#hod di scl osed in co-pending U.S.
patent application Serjal No. 09/ 130,657 of Kuo. The inventive nethodol ogy
can be appl i eti2¥co BT Jhan, pitigher Brating teseneerture failitpting ottiizatipnnefcd a and

conprises 25 gdnSiieYetkeh ot ST %{agﬁé?lcoﬁhaﬁége(lQatfﬁl%rﬂag%tlcg ghgctively
heat ed portions of the magnetl c layer to at |east the Curie tenperature

(Ta), i.e., tIREPHAGAPEPAISe at  which the magnetic material undergoes a

phase transition fM&E‘k E&'l’cmgﬂﬁﬂr}ﬁ»‘emw fdces reliekfipdnS sbilthiefof sfefs
par amagnet i sm (| - T eg 1eE|Gi; i es érlret hod SOP t he present

i nvention di f%ﬂ@’rl%r ip .thaégfslélm .wgrl thecfelening F%%ﬁ@@oqsrbamgef signjficange t hat t he

| ower heati ngmtdéﬁiﬁﬂﬂgﬁshhrr@&aﬁbfltﬂn@%etl\@éﬂ Sz[tteﬂﬁ@%ﬁ@ hbRbRRmel Glda@BEE UPON @
reduction in OeI’CIVIt}/ Ff‘é hi n asm&l erromagnetlc 2 6 APR 2004 13
phase, rat hertht magnetc gin ?‘“ﬁ@é’éﬂﬁ&“ﬁ@ﬁ?ﬁ"@ HéMire facilitating utilization

of a transition kefvweepr- dlﬂéﬁnéht%ffltﬂl%agﬁ&&n?&hg oPRBRAS dcborling td € romagneti c
and par amagn@tl c hasest) Nbraﬁgspem f1 cal t he i nventive Er ocess relies
upon a sequen EPEFF ¢ {nyationg prejafigpment phthe Wéﬁgn‘?f‘F iy onfegins ofehs of | owi ng

consi der at1ipo nﬁa@ﬂh@ﬁln@& 1By pdroaféoy d ﬁo@e@ﬂeﬁﬂédn%@é}a{ep WHegdRtS1 t i ons
bet ween patt erne non- pat t er ned areas of magnetic filmleading to

high pattern 48 ”Ei‘k Bh: StrE‘!IS)‘h Plemagnetih figld tis BEPI‘F@]@ H’ﬁgﬁ”}gﬂ‘iec"fgfh%u ns or

regi ons- accomagnfc fifin of D@elpﬂ&fgetﬂé eésg\éﬁﬁtdf%gné%ﬁmﬁ'dfm%neﬁé the
magnetlc gral ns or reglons of magnet i c | m or er 1I's performed

by a process t&} ﬁblﬁ]’y"rD@h%Pgs’é‘ag“e%@F‘élaﬁplé?dLPr\‘Pf‘g)I‘hﬁ StEP gHIsshe @iyt h DC

magneti c fi el grengthamtan8sllylBotdtBe DUrbaASRIL f)fth@‘ﬁlagrféﬁgﬂﬁﬁ bflaldrlam or | ayer
al ong the lgasg ax's of ma netlzatlﬁn of the magnetic, filmor |ayer. The
DC magnet i 5985’1 feRperatFes (b KPR aBpw ol g APoY2551C) dn ogder dhgt h
substanti al | ya@twueff&éme Bﬁgﬁ&ﬁfﬁtu\/dtfbﬂ Te dtRSgtiRYNRL dpplidd magmetic | ayer at 15

nornal roomt res fromabout 18 to about 25 C) in order to
achi eve eff ecf% Pt 1"(95‘33;9‘6}@8?/‘1 Tugher thag Hg pnduis dxpacally in ‘l‘?é”é.‘ﬁ?)l i ed

magnetic fi ebfiréihabdutla REabBHt I tBAG thedRWivity BPMmb ndRtic adRaltt.gand s
typically in the ranlg
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



of fromabout 4 to about 5 tines the coercivity of the nmagnetic Ftwoiﬁ
e.g., a magnetic alloy of netals selected fromthe group consigt r‘@ 04
Fe, Co, N, C, 20 and Pt. It is essential that the magnetic field cover
the entire surface of the magnetic Iléyer or filmduring its application,
and, for Iong[%léu&l]%é\al r c?rdi n medi a,, the direction of the applied

al i gnment fi Hireperh A Shfyrevfres magneti fieldrcanthe et 9 heckalavbrbut (2) Rever se
magnetic fi el dose$d)Bmeagigttine Oy BRIbWhd@rhile: magnetic 25 pre-al i gnnment
step descri bed above, a uniformmagnetic field of direction or polarity
opposite to that of the pre-ali&ﬂ magnetic field ("reverse bias
magnetic field") and of |ower s et'to be |ower than but near the
field strength before signifi ¢caidHhQweIM/dY),0f the nmagnetization of the
magneti c terial .of the magnetic {ilmor .|ayer occuss, For exanple, for
magnetic 30 mmat er A% a‘v‘foﬁrgf%g‘ﬁlgég)a%'fg’la?i?“@g‘ﬁgfeé%?mg’c?u%‘éness val ues S
and S* (where S i gemaguiahagnetiZation; ahsahenpt (A gere bppltiad imagnekit fielidvi ded by t he
saturation nagnetization M5, and S* is equal to the remanent coercivity

H divided byrg G.af xﬁéggﬁel?%c&vﬁelg'ﬁ%utg%«‘d ! gl&gii.g at[?é é‘g%én?"oggxﬁﬁy”agne“ ¢

field can be set to be ' ose t cermn t he
fol | owi ng f orragngtic fpmaing af egions (of MpattdriEpLselecivily biddjed portisheofthed, =
coercivity (Qgle = ! i n;fn} " nt
magneti zati on; nr?% ghgsc%ﬁ}o%ﬁgéi&gset%pg%ép |ggav%§%eéﬁe§£%3?% d. The reverse
magnetic flilel d i s @Btil iGenatationr ofahagariinghast gattdrm-gmagnatic pétterriseare nagnet i ¢

d ) ' ivel i f th
omalns or re 8?{%%&(?& 1if. M htﬁ:r ﬁ'lmo& l§feg 89 %#lgcﬁlhé/ly}}ﬁ%ﬁg RO B’&l#f%ﬂ(? of the

magnetic fil yer in e next s . e’in i've process sequence.
10 (3) Gener aphash off seirstgd epdrdonshthssoh dtorming - 2 rdgsjredt pasteput fremns ar e

generated in %e%mggggggnage,yiihm fRfite KRG gQXm?&J(eﬁgéﬂagee,Wth@Pa—ﬂﬂL?g the

magnetic phase o l'ected portion reo mng a desr’red pattern)
froma ferrormeiihehtatingbe esleaid: portiorfsi by meand, oft ebsarppier aframliative ¢ phase,
With Ho = Dyero @it Q! M%H‘ﬁ?ehéi ohn?,& eﬁfi?l aeﬁEe‘?,dsu}?l%é b O8tinkdusTHRRES Of
absorption of radiative 15 energy froma high intensity source, e.g., a
| aser, such adser witina beanomoduleted into short pulses or a pulsed laser; an electron

beam source, or an ion beam source. For example, with conventional thin film
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



| aser with a beam nodul ated into short pul ses or a pul sed Iaser;Z@APR 2004
el ectron beam source, or an ion beam source. For exanple, with
conventional thin film magnetic media conprising magnetic alloy materials
including nmetals selected fromanong5Fe, Co, Ni, C, and Pt, the

radi ati ve energy source nust be of 20 sufficient energy to rapidly

i ncrease t he Sunetemperatyrer(Ti)@f theghrtichlar megpeatid matedidl) tppicdllyabout30n t enper at ur e

(i.e., from afpout erature. (Ta) on the
order of abouJt@i:‘*:‘o%el&s‘;é’?f Q&HP?%?%%?]L eﬁe’%‘a ealsedt ?]ﬁngafh&f%%‘r h’ons can be
generat ed by (FBeobthe aelfzmshsmzbns frecmes tzerd mdﬂg:enagnbmd inatieria) thezea. , :

POt ol oOT 2ok AbANGSr s Ui il SRIL SEHDRLRILTE gD, | 01 10 o
short waveldenpargmagnetice Asoh @bmuenm ths hdatingt ofose)ectad ontéons aufi the | ve  ener gy
source. In an r e i rn.to the surface of the
magnetic | aye%aggﬁgt?e&g?%sé%ﬁ% lI‘leatpaqgél ({f&q a&%éllzifﬁﬁlrhr%g ROFUIRE sur face or
by sequenti abreasnangthing f codipbamrentary dlangéra gecaa pettesn 06f taheprevaligned i ¢ | ayer .

When the 30 t f. the ma |clayer
reaches at | egeg?% eHé%é{? k&@%o@ihggﬁ%ﬂﬁogt@ee%ﬁ%srea lﬁsrrgag(mf%qu t he
particul ar matfiseribed srgrar ihalthusmyqﬂuwdlnaperalmﬁheatﬁl(x&ranﬁgnmctmmomase of
convent i ong) b IR JTHLAL sgaﬁg%gg&fam - orlelfRd GORTGihY ol e () of the
inder goes & '@2%291 of et apphetsverseabios miagarit i béllewgs e o ¢ 1o
undergoes a s r

of the magnersorpfeto ASaoiRREGHED A of ffer MM b 8L BT PTC L P
portions or are@a@rwetsnbwsmamﬁeldent ary Iar ger area pattern of a

bl oo mgnet i c. 1 el (s o oried rap@Ebnast Bedllon BEAGE RGRecBived o1 ) o ' °°
heat ed par@mabneapidy p@flmz dhrespattem it selpasivelpidrged p,Orflorismfdhe magretic become

b1 s rmgnet | ¢ 11 o (B RE Sk bdflul bl 1, WAGEELE Tk of i ARBIEh 2F Ve °
magnetic fil npmronséy@rma&he magretit phase gatigyn neWmsn@ﬂmferrcsnageﬂgtstater, everse bi as
oroserved 15 by ek P ACHREIAE PR AR LrrdRoa oAty drBle DR 1S
portions of t n@gmgrﬂ:}m @r layer having magnetic domains which have a magnetlc

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



filmor layer to a tenperature below T,, whereupon each of the s 004
portions form ng the magnetic phase pattern returns to the ferromagnetlcZ
state, at which tinme the magnetic pattern consists of selected portions

of the nmagnetic filmor l|ayer havi ngl6rragneti ¢ domai ns which have a

magnetl c 20 ali nt or, ari ent ation opposite that of the surrounding
(i.e., bulk) ‘Qth%‘g;?ogyTﬁ)‘Sr HBge the mpgnetic phase fransition ig defined By the Karigragnetic film

or Iayer cool teﬁlxﬁWﬁtufef@J) isbtherml fstesd BDthmehﬁt@R%ﬁérMﬁx% &Mn&&eﬂeﬁa&l on and/ or
conducti on. However ?I ing rate can_be enhanced X provi di ng an
18

active heat t’iﬁﬁﬂgﬁf’?f‘tsr‘f‘ﬁi‘?’?? @iﬁ@ﬁner&gp%i"%ét&?‘h?%RbBFS%‘i%P s8rPng neans. 25

The above- desmema@dsspme&slgmca&r&ﬂtwaﬁdgé file.,f rRAuRiBE) Wﬁlgﬂeat Sifigle Patterns in
t he surfac s of bot&@ﬁongl tudinally and vertically (i.

per pendi cul ar‘i“%“eB? fed magnetic films. Since the tranS| tions are

defined by a trarkdférifg now GBIGEYN] ShoRhaGErefnl isCa sindplifey, fsgﬁé;,gq@gnetl cto
paramagnetic, and vice versa) rat her than by a dlfp ference (i.

reduct i on/ i ncfessSEstonAl WEw of j2 exsmpleyy \A)F‘lsﬁ’F‘He"ém% itYRS| "éagﬁﬁ%{’s%a“e{“he process is

essential ly ffopginglsgsierh he aeldo&aﬁig/tarhha:%emﬁlentaffftmac;srsseﬁﬁﬁ%hbﬁgA& romthe
concom t ant d!?CI‘ ease in | SOt r,opy consta consequence very

sharp transit | GHESE, @'SEB’S PMBises @ SPYFs e rBd‘?tﬁ'é ef‘"ﬁ%ﬁf‘i & Dilssd APR 2004 16

met hodol og, rma) arﬁllm&sﬁlhgnﬁﬁﬁﬁ%g(;ama)s@r wpﬁ]@ﬁigtultl&adnhttssve@aéﬂgpted by the
entire tenperature

Curie terrper herm i nstead of

di stribution, ém i t§ﬁ§}.'|t|y ﬁ%r‘ﬁ“% " PO H1CTS3A g‘é EmRF Y Rfvistected api | | ty can
bedl ess d;arranﬁhﬁfage irbans dfh&h]ﬁfmer&@n&i@ﬁuﬁp@rb £,08 Elfélﬂdﬂxﬁ ¥f £aange (i .
reduction) w in a sin ase ng now.to FIG 1,
shown t her ei n¥°i %t"g‘pﬁaﬂﬁ F‘f?reagoves'gﬁg‘fﬁ? pe@f‘lﬁ%éRF LBE dﬁgFé‘F““?filéw of an
exenpl ary | engppany oatth®drdey PE alrB@edbost M‘tcelfd}-trefn@nwﬂ Mgkt Yadegm 10
accordi ng i nvention. il Lustrated,

nb f
system 10 On%lr’l?g‘égr?eglcglggfﬁé‘gs he $°°B%§8‘? é”gla%e %‘Wégryg%/‘séhi%d‘&“ed 8Ypul sed 10
laser) and a heeisssilag 3m@aiigh 3 faferfed maskl B (USiredpOiidisg i RRhy f ehbe radi ative

energy 2 at an intensity suffici ent t o rapi i ncrease t terrperature
of sel ected Q't’ﬂcf'hgés“ﬁfleté bey “BT nd e fhe f'ﬁ?“ﬁéansé‘f ¢ et fﬁn"ﬁ in

the form of anfisdic disko4 byt @eameroattmjecnah leds @bk § hfeldags lopacfuermer at ure

(Ta) of the rr%%llonrsnthat stﬁ)stantxally block transmission 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 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



typically on the order of at |east about 300 C for transition rretzl @ﬁe?ﬂ _
15 ferromagnetic thin filnms. The focussed radiative energy 2 is t (§n R~ 2004
directed by " neans of lens 3 through a patterned nmask 5 (corresponding to

t he magnetic pattern desired to be fldrnmed) and onto the sel ected surface
areas 4S of ic disk 4 means of projection lens 6. Mask 5

i ncl udes opaqiP# erar%é(gj?%?fsl%‘hr&’t‘g}b@b@tamw Spldy SB‘P‘Ub% ea¢hoadiad ssghemy of

radiative enese Zna@ﬁ‘etﬁ thlnI ﬁlﬁleihel%gf isi tpdstd kg m@rﬁ@ﬂét%eﬁéldmfog the

transparent regi ons g he mask permt radiative energy 0 pass

t her et hr ough.! "?"ﬁ‘é” SHHEE famench Péﬂi‘éﬁ%ﬁgéﬁ{c regignsoyi graygs torbgglig®dfinr m an i nage

of the desir etherRgrAtdifctititf THE PraghetR- diske4 f@h FRIbiaRE in RALBRGhus Whi Ch 1S

proj ect ed tgy %ens 6 ? to the selected surface areas 4S o lIlle magneti c

di sk 4. 25°Ref3dPen Whilcheing cxpesediio thy mpengliclipld?, orfhe disk, m%’rbeo‘wd@d to transfer
the desir E‘d ediedd SerddaintiPAINpdronk R tHdisTiacs Wk Q¢ Ravedbesit E)%'a%dg@gne“ c field
7 having a %formdl rection (indicated by the arrows I

establ i shed oth&magetic field s ace of the magneti c di sk 4 between poles 8 and 9

of horseshoe- ShapedﬁerQPdeﬂ%hﬁgxﬁgﬂ'% mdgnERONLiBALH Mn@@ﬁth@&?% ccontrol
above, the strength o uni T or m di rection

system 12. As cri be

magnetic fiel G‘d]?iésp?ﬂ“f g"éedo%rpa{t?fémg Sofrol eustegy 1% ¢ffeciregisearsa ingthek 4 i s

suf fi ci enti0t odittoH &f thempgRti@tiég RN L rédlicifolén thmraf‘shb@tﬂ%%%b? or domai ns
of the magnetlg Ehln i.lm The magnetic disk 4 is 6 APR 20,04 17 rotated
by motor 13 t APEhdhsH ?ée‘ﬁﬁg]ﬁléfl‘ the P]‘@"&Fn‘wgﬁ’éﬁn%ﬁ%{t" TSEIEPS Pagals segnent  of

the magnetic whemtheilhttar tahesesf elbx%te@&@ﬂﬁ@éiuﬁe%qhh%r@%@aﬁér‘%hafn‘ @kd 7 for an
interval sufficient for eacgeof t he nmagnetic regi ons or gral ns to be

aligned in tREIQEPERETY(Tof |ﬂ}9npal’fm@r FAGRRIC] tbmcf g matedgnbWedsr ot ated in a

cont i nuous 5 inssfficien whitdrahdighthef R ATEHadnBtid R?: ohPE&hihEwhéethd 7, or the
di sk may b tated in di screte s;t“a_ps unti | | portions of the surface
8

t her eof ha e Ens alp lsaperatugs belaye Tord g twnster the %ﬂ“ﬂmfm“l\flteéﬁasbﬁéo al i gnment  of

the magnetic eR@tled& @ffaw@éaeas@i‘mhgﬁnmmtth&?at@inﬁﬁ Bnird) sGQ4R| eted, the
patterning con#rol }/ &%@effects a reversa he 10 direction of
the magnetic f7 afgps e deask s that the mask maften qarshe pEpigeted oo a | evel

which is suff el ptoptieteadré£of e didk.] TR BRenthg LHRrOMRYAGHT 2 fREI ONS Or
grai ns

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 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



when the latter are at an elevated tenperature equal to or greater2 6hARR 2004
the Curie tenperature (Ta) of the particular magnetic thin-filmmaterial,
but is insufficient to alter the alignnment of the nagnetic regions or
grains when the 15 latter is at a teh%erature bel ow T, To transfer the
pattern fromthe, mask 5 t he sel ected surface areas 4S of magnetic disk
4, the pattercFﬁs‘?ﬂj’“c?Eﬁatdt‘aé‘l"e ERFERYETIPPLY $0 the e)préed; syefacs; asqas 4Bthe termask so t hat

the mask pat tass allssad tbecdbl QoRfit B beRW T, £.8S bFPRMBRLAL SorRE&RnO t he di sk.
The patterni ngﬁn ontrol OStem 12 then “activates radiatlive energy source |

to optically alams thezeofy gribyrastivebggbtransfes apd thymagnetie aattermfs t he magneti c

di sk 4. The lpi’ds&ﬂéd fhyhe&furfa&%filﬁqxhh‘gﬁ&fé tﬁ:ﬁ-@i‘hﬂfldy&%ftﬁerkﬁékgy 2 supplied by the
conbi nat i op of th':ji"‘ét iative energy source 1 and t focussing lens 3

(and 6) is suffl c d“*ishaaté%{%élai h@ntt@ﬁﬁé%ﬁ@r@eéﬁle@%exnosqdadu at ed

sel ect ed sur farae4Sofras didicd ahe pdtemitigdonttd? sisidn® IPRLRLMDES BANGE int O OF
greater than T, of the, ma%netlc thin-film The te erature of the selected

25 surface ar’bHE taspe%w teme Gapsieretp piher ipattions of i the disloiserdaces t he

particul ar radiatieg tlseomaskes aanaiade-b&ssuomedf\as bg\h ot @ity pat i on of
exposure to rad atlve g%égp rom gource 1 ile the sel ected surface
areas 4S are"éﬁS eﬁb‘B\f’e eregiportion ofthg disk giprfache sel ecti ve exposure to

radi ati velener gy, Thé1@ypeOWE mask rEn@lifed inP @hridas nh,?g:nﬁaaﬁ&{slsffmeel d 7 applied
to the nmediumsurface by electromagnet 11 30 selectively re-aligns the

orientation PP Mayadalozy e@iﬂd&n’é"ebr" iy ) the ‘Eafg“?tﬁ’epa%@l feaeed surface

areas 4S, thaipaiddahdhdhge BRGORAditivé etdd solrt&N HobeRiplin 4 §3khf i cient to
re-align the] unﬁ:nt ation at the unheated surface areas. Upon 2 6 APR 2004
f

18 cessation 12198 ap Pra-velel (V' spsiptiye ensravsouise Pothe gpiteglmasice ar eas 4S,

the latter & @n&bﬂ%ﬂns}:&eﬂ&@lﬁsﬂd@‘(@g; Qluw) QWth WasterR f&huresddiprir@nduct i on,
convection i nati.ons thereof, or active heat transfer, and the

magnetic pat t‘BI"‘ -4 wm thickphotogeaghic gmylgign si’d?‘fhafé@“réﬁ meyee formesenithe t hin-film
| ayer of the ehusdion By étfaﬁcﬁfd bmlmkapp.ettsﬁhmu&amtbﬁ%ew shagred to the

sel ected exposed _areas 4S of di sk 4, the patterni'ng control system 12
re- posi ti ons Ptz 1909 - 289Qjér‘h'?lbco}§%¢§ﬁft°hﬁ9m“tf@ﬁ¢r) oF izgnsdxide an@ ot her
portions of tire-udhphrefibibRAaR: AI ternatively, the nask 5 can be
re-positioned, as_by nmotor 14 0 project the mask pattern on a different
portion of the di daddifiongwhile 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



10 The type of mask 5 utilized in various inplenentations of the
i nventive net hodol ogy depends, inter alia, on the magnetic patterz SfeAz?Isz@l‘
sizes and the nature of the radiative &nergy source 2. -For exanple, in a
system 10 utilizing an ultra-violet e radi ati ve energy source 2, the

pattern mask e UV- L ranspar ent subs rate uartz W th
pattern feat ursgtggﬁ?glrl%e%f 31‘5}“%8“2% L PETRUPRTL epﬁﬁfﬁ“or@?‘g’blﬂ'%' on, which
features nmay lbpprbpiated in the enul sion by standard photolit hographi c
techni ques. Altern utd i ze a 1000 00 A thick
coating of chroni U%SHPE?) oPhlerr d’%&?ﬁ%“%ﬁ thﬁ\)“f’?“éfﬁ%p}ﬁ?t’é‘?ﬁ% °Z¥bstrate. In
addi tion, whi luglizatien iofivee éritazh patﬂerﬁmgmhaﬁgmeﬁtheath&ethﬂf the iMuSteateqari ety 20
of radiativ, rces 2 uch sed | asers

hi gh-i nt ensglat %Po? chn' suacrﬁ'n%én n%g “@F%j(r: Poﬁ‘ulb(?awaamww beam
sources, the cah'angcmeutf therladeratmask SG(IOEIitqulﬁ(mlle’m)Gmﬁ}Obe pReed i d@reprarti cul ar

appl i cati on d vard ou f to s, the desired pattern
resol ution anggﬁﬁe%ﬁtgghcf stu(r)tla%vomt}%f (@%I Ehgiebﬁlﬁﬁgow'%té’ﬁﬁﬁt?r? W’aﬁﬁ@t& sk thin
filmand any dwasferragstot ther etzoted Garfeveahress, 43 hdthbetr reaﬁm‘n@\/@l &tighth | i ght

| i hood of
dammge 16 ¢ he ISR bBlert, 5 St Gk AmBbmetli wou Bud s ek maror - exampl c.
while a meﬂ@;urb; samlg;)anbauglyt rotabadr dwringetiie paarhidg plocdss iafikdn pat btﬁérn feature

resol ution, S PSLSass t he wear

resi stant, car g{ﬂg Xl(‘%ﬁé’btggs)e 'ahv otecti vggg%'ﬁlﬁ%aig a?(gGﬁsreggfﬁggéﬁyy applied to
the 30 di sk suef@plecedl by saudni‘ec&yvemuol]ablb audistive nenexgy dource.sucl anger

wavel ength) i R 2004 19 source, such as an Argon | aser operating
in the green r@&&%ﬁed@zﬁaﬁp be nore appropriate. Further, in other

i npl enent ati ons of Thhenvenmmemedoimyhdnielfag}ytates Wagid,i coavertemt,0dnda cont act

patterning;arr th | ust r at ectlontype
arrangementéi QJP.Q Qz{ll’yl Ié:geed fabncac 23?\%‘ f’h%a‘fl?qg?%%ﬁ‘g gerrent t he
pﬁt ter nf mask ?m(gocth msdleqtmmdhcarthx)ougi?lyt Iates plo?mmht m?thduhe embughpmtnt a(t:)t with
the surface o oW N pattern jmage to be
transferred to ({"{:rgmgxlét? @gdc oétuaru?zﬁ%a dPaBLgticy ‘af f“ﬁgﬁ%‘g‘ﬂr&qlhﬂﬁ%% an opti cal
proj ecti on sysbeimvertion 3¢ ndt limited er use rith fdtiningrehg parkiodlfr thfecofdnaiiettnd t he nask
may

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.



10 be simultaneously rotated during the patterning process; and in yet

ot her enbodinents, the radiative source 2, pattern nmask 5, andgl S @é
and 6 may be replaced by a directly controllable radiative enezgll@guz
such as a nodul ated | aser. The inven%' ve met hodol ogy thus facilitates
rapid, conéﬁgitenb, . agc} .15 technologiTally sinplified fabrication of high
quality, = S ,s‘patter ned magnetic nmedia at product throughput
rates consistent with the throughput requirenents of |ow cost automated
magneti c nedi nutLg‘ﬁt re.. Moreover, the invention is not limted to use
in forning an? g‘?ﬂ?‘? pffpringa magnefis gatern 1 2 magnetic datafpfosmationgerrent ; r at her
the formation okioplgt antiRERIalhediN) A6hpisikth®RbJsQENS OF arrangenments is
considered within the anbit of the present invention. In the previous
descri pti on, nuner@LRO¥SEgamagnefiagdiun includinge magnetic recosdieglazesr speci fi ¢
material s, structuregyyi S . ; 0o . provi de a
better understandi ng of@[a%gﬂ%?é%édnl?%{}g%??glﬁgtldil—ﬁl\’/\%{r/@rn?ﬁlgﬁgna {r?eeugent 25

i nvention can be pra@gicHddayipg s Guric leaperaturand ot substansialieaboive ogpeci fical |y
set forth. In othereppstapces, well-known processing techniques have not
been described in detail 1n order not to unnecessarily obscure the
present inventi on.(bGmplyingte spid afagnatic dayend it wniforns negndtiediepkafadingt i nvent i on
and but few exanph.es.. j ot AN and described in the
pr esentlogi scl osure. é‘?éu%addgﬁfﬁéﬁg%%éﬁﬁéE%lﬁugét%l@ﬂgM¥ néuzﬁﬁ"eesent i nvention
i s capabl e of use i nmegneiiostatedichef; conbi nati ons and environnments and is

suscepti bl e of ch o nodifications wthin the scope_ of the

i nventive concept gg)ggp%g%dégéggmﬁ%eru&la e ﬁseéol}ﬁﬁﬁl@]aﬁﬂla%ﬂ?gf%?@ O&Pai med |s:
20 1. A method of f osenomiglimcticagippbsite tqpaidtof tedsei Sremgtialgmehat Of said first

(2) providing a magnBteEon B MO NERIP Gty Faerre Bl itng | ayer
having 1§ surface, sajufficieyaedlietthe aRigiidic R@tel A¥Ad naPNERE 16N gheh thagnet i ¢

mat eri al having a Culri e.t errpfer atlur edQTc substantial |y above room
t enper at ur e: atter 1s at a first, elevated temperature equal to or greater than T, but

insufficient to alter said magnetic state of said magnetic layer when the
latter 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:



(b) applying to said magnetic layer a first uniformmagnetic field of a
first 10 direction and strength sufficient to substantially uni Qogrwg 4
the magnetic state thereof; (c) applying to said nagnetic |ayer a sec Kﬂﬂ
uni form magnetic field of a second direction opposite to and of |esser
strength than th f said firs tic field, said strength of said

at t mag . : :
second rmagnet | cS'FP&38018@?%‘?51’@81‘1&&%%%?&m%dcsuram\émgamegmgmtmdmgst ate of
sal d magnetic | ayer havie bdifudindlor Bémbricilar ablefie briefhRf iflid Glper at ur e
equal to or greater than TT but insufficient'to e}?t er sald magnetic state
of said nagnet i &aEBgHSlaYRRis §omprased pha magnefig allqy incledingmeralsiselosed t enper at ur e
below T,; (d) i MGhAASbdEp bRiskifRTeAEHNG, &f lity of
sel ected portions _ZO'IgIl(E)B?I)thelssurface0 ar ea 6?@s§%h?égﬁ%?ﬁl€g§%§er to at
|l east TS for a @By isen thejordespfationt 30°Gyr oj ecting a focused i mage
corresponding to said patterned plurality of selected portions onto said
surface of said nmagnetic |ayer via photolithographic techni ques, by
contact / proki rhhe jethad a¢oarding thclaing B, whepzit:t er ned aperture mask, or by near

field inmaging, j b4 ol netic field ta, said
magnetic I ayer, ‘é\étahga?g%@p@sgg rék’??’\%é@f/&asﬁ&%rgi%;aén & er%’é‘h‘é’fﬁgmﬁlgfs " of said
patt erned pl ur ashapgd substraiesupportiog mid magnetc fersai d magnetic | ayer; (e)
term naty ng application of said second nagnetic field to said magnetic

| ayer after conpletion of step (d); and 30 (f) cooling the patterned
plurality of 4elleemetioparcording totlainné, wimggiet i ¢ | ayer to a tenperature
below T.. 2. The hod according.to claiml1l, wherein: 2 6 APR 2004 21
step (a) conpri éthEbéFS‘?}P‘aie%}‘bé‘aw&é‘m&%“%%ﬁ‘E}ﬁFﬁ&%ﬁ“ﬁata? Astihet i ¢ recording
| ayer having a mmpgsticlyeris prealigiid e thagnetiafegioag BRidof. Ori ent ati on wherein
said magnetic layer is conprised of a magnetic alloy including netals
selected fromthe group consisting of Fe, Co, Ni, C, and Pt, and Tc of

the nagisetic § Thé MYthbe a@Brdidpao Ohies, wiergout 300C. 3. The net hod

according to claimz2, wherein;, | . )
step (b) comprises performing a DC erase by 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:



step (a) conprises providing a disk-shaped magnetic nmedi umincluding a

di sk- shaped substrate supporting said magnetic |layer. 10 4. Tlpﬁngpk%n
according to claim1l, wherein: step (b) conprises substantially 4
uni form zing the magnetic state of sal magnetic | ayer by pre-aligning
the magnetic regions thereof. 15 5 th according to claim4,
wherein: step (b) conprises perforﬁf( dJ'EEE‘SC' ase by applying said first
uniform nmagnetic field as a DC magnetic field directed al ong the easy
axis of magnetization of said magpetic |ayer. the magnetic field strength
of said first magnetic field bei(ﬂﬁﬁ éfﬁ\f"‘fiHqu greater than the DC
coercivity of tR@eragNetdetcinl) (b@){@[:ﬁagﬁ&ﬂﬂﬁdn?&ﬁ@/ﬁﬂ3?{rm=mn§@i d first
magnetig fieldis aep,plied to the entire surface of the nmagnetic |ayer for
a desired int er PEgnetgatiopyand subsqrpt Gie p5p appligd masnetiafipdd1, wherein: step (c)
conprises applying said second uniform magnetic field of direction 25
opposite to said first magnetic field at a strength which is |ower than
but close tobt rra¢ mathed accoriing tp slginad, wheseilragnet i zati on of the nagnetic

| ayer occurs asgge ; ' hes T, 7.
The met hod accor d?@ Cf”gﬁ%?gﬁ&%‘?d%’éﬁr°§?%@%gﬁ%?%%l"?‘}:(%%-‘{:%g%?‘g‘gs applying a
second uni f or m RegAeRs of saifimagretigtlaysr srrfaentgtradiativeersrgi.ned by the fol | owi ng
equatiog for magnetic materials with constant squareness (S) values: 2 6
APR 2004 22 Hc(ﬂcil\/!dH)HC - M (dMdH)HC - (dM dH) 0 where He = coercivity
(Ce); M = maghetlhg method aqcerdingtnglaim Riwhersimmanent 5 magneti zation; and

b ipt 0 = i net i i 4.8, Th { di t
larm 1 wherof ff CERnpRfs TR bkt B el pT ERIPE AR a0t o nec

plurality of sebptivakeélectpmrticampmdadn iaincdomaggnet i c | ayer surface to
radi ati ve energy. 10

15 10. The method according to claim 9, wherein:

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:



9. The nmethod according to claim8, wherein: step (d) conprises Lii l'izi g
a source of radiative energy selected fromanong optical, electr i ABR 004
and i on beam sources. 15 10. The method according to claim9, wherein:

step (d) conprises utilizing an opti Cf:’] radi ative energy source selected

from continous and pul sed Iasefr.s. 1‘}. The rrgf{ hod according to claim 1,
wherein: 20 step (d) corpri s8P V8% odhegasyatis e said magnetic layer a firsg ea imaging

of said magnetic |ayer surf asiformiZagndthefiel®étifitsifeaiotiang hivings! @i m 1,

wherein: step (e) conprises rafgi,dly coaling said patterned plurality of

sel ected portions 25 of sai SHHEIFRsEEneds tosubstantigllymiformizaher by at | east

one process selected from ceaiayest k@R of R AN er B FreNGAMehr gNSTer. 13.

A patterned nagnetic nedium conprising: (a) a substrate; and 30 (b) a
patternéd magnetic recor di ngtheaAspetisregionsdheseast r at e, sai d pat t er ned
magneti ¢ recording | ayeri. haviiyide Ghd RadBIPRIELUELnk Bifortifigfagt [ al | Y
above roomtenperature and a_surface conprisihg a magnetic pattern forned
therein by a process conpri sfifl§ of #eecendgirectign opposite prpudioging 23 i.faplpldyi ][lg
to the easy axis of said mag { ¢ & Ste LN ic fie o]
a first di )r/ecti on and havi ng%%%flésg}%gP%g{)ﬁ%ﬁlg%rﬁ%%gés@bﬂs%%?aI ly

uni fornmi ze the nagnetic st asasorsd stiength phspiteserandineageetictfieldbeisg | gnment  of g
the magmeti c regi ons thereof ek i . et i er a secon
uni f or %Immagneti c field of asgggglﬁg&aé%tehgtg{léﬁn%nggfom eagﬁj%)&aljﬁg’x YAV i ng a
strength I ess than that of safaaidfma@btiqm@mbmthéﬂaeﬂedi,sas:afiﬂt,el@ealfzhd ]
strength of said second magngt] i e i 0 sufficient.to alter the

al i gn?rent of said magnetic r%};ﬂlpgrﬁtsdre%) alggf)g&ﬁ%tarn@ﬂ@qu V@Lﬁﬁﬁ\lﬁ’gﬁot he latter
is at a first, elevated 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



tenperature equal to or greater than Tc but insufficient to altq i@#’rfg
magneti c regions of said magnetic |layer when the latter is at a s@ ,2001,
| ower tenperature below T,,; 15 iii. increasing the tenperature of a
patterned plurality of selected port'4ons of the surface area of said
magnetic layer to at.least T,. for, sire_interval, by projecting a

f ocused i mage CB?I?Céeglpr%&ﬁéﬁfuB cQusistng g eepﬂglﬁ" gP&P‘gsﬁ *tﬂgi?ls\'mg% et ed
portions onto séietrdedof soat 300°Gai d magnetic | ayer 20 via photolithographic
techni ques, by contact / proximty imaging through a patterned aperture
mask, or by near field imaging, while applying said second magnetic field
to said magnets. Thé patRined itaghietio YneBRInPAEbrdR Yo @hihT4, BSnpridthg SBGOEL I C

al i gnnent of said g(i;\tui’erned plurality of selected 25 portions of said
magneti @ | ayer; SHaped WOt at i ng appl i cation of said second magnetic field
to said magnetic layer after conpletion of step iii.; and v. cooling the
patterned plurality of selected portions to a_ tenperature below Te. 30

14. The patt efnédyHeyietfpringamagese dyp dinfymetonsterage and retdeyabr i si ng a
magnetic recorgj i i i 0, ndi cul ar magnetic
orientation, tﬁigaﬂng{g}%gﬁ?g fﬁr@féééfci}érll d@%&%&edrﬂ&%%%%?ri ‘Es°é‘§’g}§9§a magnetic all oy
including nmetal s 2 emgmRiFEpRlying a maghesistfiell tb amraghétis repouding leymrsi sting of
Fe, Co,jogNi, Cr, gmi%- @J}gm ' : - bout 300C. 15.
The patltoer ned mggrlle &curre I %X%%gggﬁ#&q?%“b% Igtfaﬁ??%,gveg{))orrngri sing a disk- 5
shaped substr at tempe@turgyaggst em for fornming a nagnetic data / infornmation
storage and retriev ieum.havi tterned magnetic recording |ayer,
conpri sing: neans f?Pe%]gg ;‘l’lﬁ j'p‘%a{rlr%%ﬁel? Fa?te]ﬁlgls%}gpgg@“uﬁgad'ﬁ'éw c recording

| ayer 10 havi neeleeti@ely inerdagingthe ssmpestrd eff a seleicel plusalisyibiyiondting af thy above
room

surface of said magnetic layer 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.



tenperature; and neans for formng a magnetic pattern in said nag 4%

| ayer by selectively increasing the tenperature of a sel ected pIuraI ﬁyzmn
of portions of the surface of said nagnetic layer to at least T, for a
desired interval. 15 17. The systen1ag%ord|ng to claim 16, mhereln sai d

means for applyi et|c field.tgQ-a netic recor

conpri ses magnééﬁt A% 83%1{1;?% 1 %a%uﬁgﬁﬁ{ %%Wﬁ%?ge&ngre@ﬁwa f a desired
direction and hamedigmas hercbefore desthibedamdrithirefefnteto ah}i6ndafgipgates ¢ st at e of
said 20 magnetic | ayer when the latter is at a first, elevated tenperature
at or above Tc ‘insufficient to alter said nagnetic state of said
magnetic | ayer when the latter is at a second, |ower tenperature bel ow
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 layer to a tenperature of Tc or above. 19. A
met hod of forming a nmagnetic pattern in a magnetic data / information 30
storage and retrieval nedium as hereinbefore described. 20. A patterned
magneti c nmedi um as herei nbefore described. 2 6 APR 2004 25 21. A system
for formng a nagnetic data / information storage and retrieval nedium as
her ei nbef ore described and with reference to any one of figures 1 and 2.





