HDD PATTERN APPARATUS USI NG LASER, E- BEAM OR FOCUSED | ON BEAM FI ELD [ 0001]
Enbodi nents of the invention relate to hard-di sk drive nedia, and apparatus
and mnet hoate 2bovi2o00@ki ng hard-di sk drive nedia. Mre specipCiraskey,030823

enbodi nents of the invention relate to nethods and apparatus for formng a
patterned magnetic medium for a hard-di sk drive. BACKGROUND [ 0002]

Har d- di sk drives are the storage nedi um of choice for conputers and rel ated
devices. They are found in nost desktop and | aptop conputers, and may al so
be found in a nunber of consuner el ectronic devices, such as nedia

recorders and pl aye ' BRE I ' _ﬁ;ﬂ ecordi ng dat a.
Har d- di sk drives ar (ia.rbg Eg‘%ﬁgm@gd |r¢§rzgr§r)g)§gﬁ o@%%@\%r slil’orage. [ 0003]

Har d- di sk drives store infor neORFOCGHGEEX IONBEAM The di sk in a hard-di sk
drive is configured with nagnetic donains that are separately addressabl e
by a magnetic head. The nmagnetic head noves into proximty wth a nmagnetic
domai n andEMBLUD:rs the magnetic properties of the domain to record

information. To recover the regorded jnforpation, t magnet i ¢ head ves
o o R0 i ERBBmnte. 0 INgohan e Ot e, s aend ) e
domai n. Thgpparatast akd étReds ifers nidkirid agpak Ndrivee ngsiir aMoye i speeifipalyt ed as

corresponding to one of two possible states, the "0" stat the "1"
state. |n ¢RPedipgpts B?dh? dnveriieg IRAte off fﬂfj/h‘ﬁ}é SBQO?QP%@ Ug $E3°m§9.e?i c

nmedi um andpstReRaErREnétiemedilifelor aharfdikk Ghge.nagneti c nediumin a hard-di sk
drive is generally a glass, conposite glass/ceramc, or netal substrate,

\(/jmi ch is géagrs! léugﬁn magnetic, with a magnetically susceptible materi al
eposited > magnetical ly susceptible layer is generally
deposi ted fhfoh OF M Rakk Wrilles SHE Mhd Rbrahd mediihase ciicd 6 brmBuBRSand
related devices. They are found in most desktop and laptop computers, and may
also be found in a number of consumer electronic devices, such as media recorders
and players, and instruments for collecting and recording data. Hard-disk drives are
also deployed in arrays for network storage.

[0003] Hard-disk drives store information magnetically. The disk in a hard-disk
drive is configured with magnetic domains that are separately addressable by a
magnetic head. The magnetic head moves into proximity with a magnetic domain
and alters the magnetic properties of the domain to record information. To recover
the recorded information, the magnetic head moves into proximity with the domain
and detects the magnetic properties of the domain. The magnetic properties of the
domain are generally interpreted as corresponding to one of two possible states, the
“0" state and the “1” state. [n this way, digital information may be recorded on the
magnetic medium and recovered thereafter.

[0004] The magnetic medium in a hard-disk drive is generally a glass, composite
glass/ceramic, or metal substrate, which is generally non-magnetic, with a
magnetically susceptible material deposited thereon. The magnetically susceptible
layer is generally deposited to form a pattern, such that the surface of the disk has
areas of magnetic susceptibility interspersed with areas of magnetic inactivity. The
non-magnetic substrate is usually topographically patterned, and the magnetically
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areas of magnetic susceptibility interspersed with areas of nmagnetic

I nactivity. The non-magnetic substrate is usually topographically

pat t er nedyvoanty/2esmagnet i cal | ysuscepti bl e materi al depesirtusdolow30823
spin-coating or electroplating. The disk may then be polished or planarized
to expose the non-nmagnetic boundaries around the magnetic domains. In sone
cases, the magnetic material is deposited in a patterned way to form
magnetic grains or dots separated by a non-magnetic area. [0005] Such

met hods are expected to yield storage structures capabl e of supporting data
density u T8/ | st gd&aé Rﬂﬁ’d i ' | ons as
smal | as %&%ﬁ%@%ﬂﬁ%ﬁémﬁﬁ)ﬁ&ﬁ ? ?%ﬂrﬂ nt s'%?n _orti{aghpg%i ﬂ%(smr?ggﬁéq here

i s a regi ove mofighed@rtplanayizedBlooekpasel the montmagnetinebeynidaries iaseuntd ither goes
t hrough a j b om . h Lr rigent af i t . | dt h of
this t ransritnga @geﬁtlcr ggﬁ]gfnr{sl [ n|1ht §°+%eééasre g’altﬁé‘de'ﬁéé@coﬁalwrﬁggﬁﬁacﬁbgﬁ't%{]g?\é\ége
because t hgat@rmerthwaptd foonaoagredic grainsior daets separptedtbyonnari-ntageetioamh. nagnet i ¢
dormai n. [0006] To overcone the limt due to Bloch wall width in continuous
magnetic tQia. fil i ySikgal

non- rragnet#a?:d%il eqgi %r?\di uﬁ?tﬂﬁgﬁaﬁébgﬁé\bac?érao&gr §'tb ﬁgr?wtfﬁéé}\?\nﬁf élt% Ld?%} t%ép%f)lgq r?f wal |

in a contisuppodingadatet densityi upf fo @poutcdnTBfind, owith ingiyidoalctesaine bawiag i ng

di screte d - ti . ' Ve

Form ng_si Anaegfis R SpR=RERR, Mindp RamaAh M BRI BOKOreREBRE sy
ot her, eitthere Isyadepgmni tafered e agea Blochc wad nini wisickathe epir atientatidragdss or by

r enovi ng h.a ] t i,nu I.c, film y-sl cal. ate

t he nagne?%&ﬂ%néi {ﬁé&m&%sﬁggl #% gpﬂa%gﬁf?gsfgemea ég%rg{?t@}‘eng&d%j%aﬁﬁﬂﬁg
magnet i ¢ nipdresitionl red@moliite theoarmal egpsityedf ipformiatiors stovage becausgnthei Blocht eri al
may be deposited before masking . and _ patierning, .and then etched away in
exposed po‘fy?" gw_plqsr?rhlpgrﬁgflngggét!ontcn‘ghe( %&%@chf’m?we substrate is
altered by the residual pattern of the magnetic regi ons. Because the
read-writ efobospd of o avergpmeahe timitddudi tokBldch wall midth fin gortsuolis segasti@ thirm f r om
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be narrower than the width of a Bloch wall in a continuous magnetic thin film).

Conventional approaches to creating discrete magnetic and non-magnetic areas on
a medium have focused on forming single bit magnetic domains that are completely
separate from each other, either by depositing the magnetic domains as separate
islands or by removing material from a continuous magnetic film to physically
separate the magnetic domains. A substrate may be masked and patterned, and a
magnetic material deposited over exposed portions, or the magnetic material may
be deposited before masking and patterning, and then etched away in exposed
portions. In either case, the topography of the substrate is altered by the residual
pattern of the magnetic regions. Because the read-write head of a typical hard-disk
drive may fly as close as 2 nm from the surface of the disk, these topographic
alterations can become limiting. Thus, there is a need for a process or method of
patterning magnetic media that has high resolution and does not alter the
topography of the media, and an apparatus for performing the process or method
efficiently for high volume manufacturing.



patterni ng magnetic nedia that has high resolution and does not alter the
t opography of the nedia, and an apparatus for perform ng the process or
met hod efwocboamizbiesf or hi gh vol ume nmanuf act uri ng. SUMMAR¥CrABeYip/o&rskodi mnent s
of the invention provide A nethod of formng a nmagnetic recording
substrate, conprising nodifying the nmagnetic properties of portions of a
magnetically active |l ayer of the nagnetic recordi ng nmedi um by exposing
those portions to patterned energy directed toward the substrate with
energy selected to nodify the magnetic properties wi thout substantially
modi fyi ng §mmARPe of the substrate surface. [0008] O her enbodi nments
provi de am appar atus for nodifying the magnetic properties of a substrate,
conpri si ngoeo7ywor KEmboliaemits af seuinveniidn piovitet Adnethed oyf fHamingda hagnetic k

surface, a patternin vi der, di sposed between the ener ource and the
wor k- sur 1 JeBorRS el s R0 BORBIG B ReRn e ORE IR TS, b  and
thg }Aork Sl?ﬁ@ﬁétﬁ:all;[ 9@9\9& I@elﬁec{f mabmfdgn@tm Sed@mrtdg dRediomappai@bsing f tbse

noal ryl ng e nmagnetl C ertrges o a Su at e 1SN an en

oo co 19 PSRt Reftaradt Phergy sried PWAHL o sHSHA OB SPert saeed [her ei n

the averag,gogmeqrgy n?eiyn'éh@rpr&?é?ﬂ@sﬂWtﬂﬁu@@&wﬁﬂlaﬂ?%édlﬂur% kRVsRapk aband SO
keV, a noveabl'e work surface facing the energy source, wherein the work

surface i ssubstatesiusface. one or nore directions under the control of a
controller and one or nore positioners coupled to the work surface, a

di vi der dipagged @&féf\B&ﬁbéd?meﬁ@eBﬂ)MdéOuhC@pp%Mu& heer WRGdifyfiigl tHC enaghnBfic
divider having a plurality of substantially identical apertures spaced in a

regul ar paRTPREMES A a&pubslats, c?ompaﬁ@so? I’Hq”ﬁéf-‘ﬁéﬁ’ﬁ BARYGS of rdieriedeensigy gy

source | ”tfécﬁgﬁhérv@drktsﬁrfﬁée Sélbﬁﬁé\'ﬂ a(ljl{ll)del* Qi% bé&ﬁbethﬁéémtﬁé ®neff)Psdurce
rectifier dlsPose bet ween t he Vi e work surface, the rectifier

confi gur ed®RSbEWARK sifRcE; pBd @ WB“B(%?RQ?@Q h%mmth%aa%ﬂwgsdwarcénd n a
pattern hagbRehrRsdgsdd €d di nension and distribution.

[0009] Other embodiments provide an apparatus for modifying the magnetic
properties of a substrate, comprising an energy source for producing laser, e-beam,
or focused ion energy carriers, wherein the average energy carrier has energy
between about 0.2 keV and about 50 keV, a moveable work surface facing the
energy source, wherein the work surface is moveable in one or more directions
under the control of a controlier and one or more positioners coupled to the work
surface, a divider disposed between the energy source and the work surface, the
divider having a plurality of substantially identical apertures spaced in a regular
pattern and shaped to transform incident energy from the energy source into a
plurality of substantially identical beamlets, and a rectifier disposed between the
divider and the work surface, the rectifier configured to focus and direct the beamlets
toward the work surface in a pattern having a desired dimension and distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above-recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] So that the manner in which the
above-recited features of the present invention can be understood in
detail, awouow/persi cul ar description of the invention, pomiuskéiy/osesesrari zed
above, may be had by reference to enbodi nents, sone of whichare illustrated
in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical enbodinents of this invention and are
therefore not to be considered limting of its scope, for the invention nmay
admt to other equally effective enbodi nents. [0011] Figure 1 is a flow

di WA i : . 5
s o schorle, Huftdidy Tn e peRisdialiaho 17 BBEHOMED nowely et i e 2
enbodi ment apdeddéd]dréwipgs dllidrates oalydiypial epdodimeerits \of thiseinweritioa @ areon of

t he apparatus . of Fiqure 2A .T00 JFiqure 2C is X] i | of a
portion o?tthFWéorgdboﬁggtb Sco&slc{g?%ctﬁ%nt@ggo%[@Oslcgfe':rogJH{|Wg&gﬁf§a§h%dr{ﬁl¥ ?6(13\, si de
vi ew of ancthgpeduallly effacthveramibglirmentanot her enbodi ment. [0016] Figure 4 is a
pl an view of a substrate group illustrating a treatnent nmethod according to

carrior acBBih mt BYorle el | SuePFElR ot REciind SLUE | Ore

vi ew of a eubsdimeht carrier according to another enbodi nent. [0019] Figure
6 is a schematic perspective view of an apparatus accordi ng to anot her

embodi ment 9/{62?020#91'1-% %3% ol §HefatB PRI SPRAM VRw LA BbF& atUsSL &R to

numeral s hBV& been9tise :
another embodiment.

[0013] Figure 2B is a detail perspective view of a portion of the apparatus of
Figure 2A.

[0014] Figure 2C is a maximum detail view of a portion of the apparatus of Figure
2A.

[0015] Figure 3 is a schematic side view of an apparatus according to another

embodiment.

[0016] Figure 4 is a plan view of a substrate group illustrating a treatment method
according to another embodiment. '

[0017] Figure 5A is a perspective view of a substrate carrier according to one
embodiment.

[0018] Figure 5B is a cross-sectional view of a substrate carrier according to
another embodiment.

[0019] Figure 6 is a schematic perspective view of an apparatus according to
another embodiment.

[0020] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. Itis



where possible, to designate identical elenents that are common to the
figures. It iscontenplated that el enents disclosed in one enbodi nent may be
benefi ci avbyowwizbizzed on ot her enbodi ments wit hout speciPCirwse@oios@ss on.
DETAI LED DESCRI PTI ON [ 0021] Enbodi nents of the invention generally provide
apparatus and nethods for processing magnetic nedia substrates for hard

di sk drives. The apparatus and nethods nodify the magnetic properties of
the substrate by applying focused and patterned energy to the substrate to
create magnetic domains with different properties detectable and changeabl e
by a magnetd | G | PG | d y a
magneti c h(f'ada erﬂ@?%dl gﬁbﬁ;r%g&%ﬁf[syﬁ{sgﬂt quug@étarate é'ﬁ% a?‘ea?’ g%\a mSﬁ'lthﬁe
magnet i ¢ hetiided on dthes embodimertts adthoutrapenifignetitatiopr operti es of an i ndi vi dual
magneti c domai n. Enmbodi nents of the invention create magnetic domai ns

havi ng a di nension | ess than about 50 nm w th sone enbodi nents creating
domai ns of pETAR/ED OESCRIPTIORN 25 nmor 10 nm while preserving the

t opography of the substrate. Such resolution is expected to yield storage
densi ti es [oor1pxceEmbodiinientBbf the2invgtidd2gerenallysproside seipparatue @ndrmeetheder al | y
metal or r i $.e gl such
2s. gl ass/ oo Brocs Baorfa gt sihoilts B pSRTHER e 308 AR &R

magnet i cal mgtheds imedifyethe rmagneticgiroperties dé theasuhstiiaterby applyagnfecused and

atterning. .The neti cal active material nm fornmed i iple
Payers,  oobateriol R 18 ke SEnef B Fleplh el HaIERE ity mbteRt
nmagnet i cal prpperies \deltemm }aﬁﬂ chalygéﬁléd by aeﬂaghdti]p.madvﬁ'ﬂﬁeambg?etici c:u'nha?iask .
magnetic susceptihilit n, pone enbodi t i,r.st |ayer of soft netic
Tacer ol dacepatatel antsesdnk By Bt nead gt S oS e St D ace
substrat e, sutfidedealing dhé mughetd head iLdétectardeaffett theSmabnétic Broperties of

cobal t/nickel/platinumal|oy, is formed over the first |ayer, These |ayers
may be for%wﬁvd%ymeam% MaEk h ntg oft ﬁi‘é igvention, eigales magnetic a

Vﬁpo_r dlepoédrhéiﬁ§1hé3/'ingsauaﬁr%risw1 lésBetfibR 2AbolRIBY nAL PR Rz eRlRBIMerEhanced
cheni ca

creating domains of dimension less than 25 nm or 10 nm, while preserving the
topography of the substrate. Such resolution is expected to yield storage densities
in excess of 1 TB/in%.

[0022] The substrates used are generally metal or glass, and may be metal
alloys or composite glass substances such as glass/ceramic blends. The substrates
are generally coated with a magnetically active material that provides a medium for
magnetic patterning. The magnetically active material may be formed in multiple
layers, each layer having the same or different composition. The magnetically active
material may be formed with or without ‘an initial magnetic susceptibility. In one
embodiment, a first layer of soft magnetic material, such as iron or and iron/nickel
alloy, is formed over the base substrate, and a second layer of magnetic material,
such as a cobalt/nickel/platinum alloy, is formed over the first layer. These layers
may be formed by any suitable method known to the art, such as physical vapor
deposition, or sputtering, chemical vapor deposition, plasma-enhanced chemical
vapor deposition, spin-coating, plating by electrochemical or electroless means, and
the like.



vapor deposition, spin-coating, plating by electrochem cal or electroless
means, and the |ike.[0023] In an enbodi nent wherein the magnetically active
| ayer haswarroiomi2oi2al magnetic susceptibility, the magnerct/usasio@pisedil ity
of portions of the magnetically active |layer nmay be reduced or elimnated
to create the magnetic pattern. In an enbodi nrent wherein the magnetically
active layer has no initial magnetic susceptibility, portions of the |ayer
may be internally aligned so that they acquire a magnetic susceptibility to
create the magnetic pattern. In the latter type of embodinment, the

magnet i cal #)Ezsg"‘(:t | HeafBdnfbdditheRBWhBRIA %mﬁiaqﬂehea@naaw IBPé’rUﬁaé ratnernﬂ@.i

structure has no magnetic suscepti bi | éy erial nay
treated acwegagtigsussepiitiliyi thenhagaetiscsyssentipilty «af partonsr ehithe ﬁiéﬁﬁﬂlﬁ”lhaw ng

a desired ) Y/glla)g’ér rﬁ?ﬂ@)@t r‘eﬁué%ff%?@flhmaltéc} Yo cldte e Fgghescpgi)é@r MRt4pn of a

magnetlc pa ern cal y active materi a In nore
detail bel embodalmenbtwbeneve thaymagnstlcfaﬂyrraqtl\@/dayerh@ana@neumttail Imagaetic ve

| ayer Lo PLRNERlf9BARsn St HB Y Mol BE ALk ] Sich@l S IR BREL G 4o um

The protec IV y 'S prefer rnsone
enbodi ment magoetjer isasceptibitityotg cmaﬂa te aagnptioymatiern.di indhel- Ibitére typer lobn, or

carbon nitride. Th rotecti rod I e | t i h as
ess than IBBEAMEGE e IR B4R hisln’ Rl Bt Tnel W Yy imySie
formed oveintdrha strteet that hbaymr rnagnptl@tsescepiubmtyragﬂmi & rhetedal mayhiee event
of contact, bet ween t ead an The lu ati.ng |l ayer_may be
a lubrici otug‘%ﬁée ngsﬂ?:ﬁng’é’ gnqrr SBr %ﬁb?re"'hﬁ?i cﬁ%ﬁ? %Q?Yﬁg Eby any
conveni ent deBiiedoélel Ehmagmrdmbept@nitﬁyer will also general I y be thin, such
as less than about 50 nmin thickness. [0026] Enbodi ments of the invention

Dot 90 TEBRTS B APRE Pk 3 bR e TG ipRalsoRL Dbt 0"
patterned matsrigl desctibed fiormoref détai evel@mea gyroteztibedayer is formed over the
magnetically active layer to prevent contact between the magnetic head and the
magnetic medium. The protectiverlayer is preferably magnetically inactive, and in
some embodiments comprises carbon, such as amorphous or diamond-like carbon,
or carbon nitride. The protective layer is also generally very thin, such as less than
about 10 nm in thickness.

[0025] A lubricating layer may be formed over the protective layer to protect the
magnetic head in the event of contact between the head and the substrate. The
lubricating layer may be a lubricious polymer, such as a fluoropolymer, and may be
deposited by any convenient method. The lubricating layer will also generally be
thin, such as less than about 50 nm in thickness.

[0026] Embodiments of the invention provide methods and apparatus for
establishing a magnetic pattern in one or more surfaces of a hard disk medium
through application of focused patterned energy in the form of laser energy, e-beam
energy, or focused ions. The energy may be used to modify the magnetic properties
of treatment areas of the substrate, either increasing or decreasing magnetic
susceptibility of the treatment areas.



energy, or focused ions. The energy nmay be used to nodify the magnetic
properties of treatnent areas of the substrate, either increasing or

decr easi nyormagnebi2zs susceptibility of the treatnent areasT[G0@AB3dweyure 1
is a flow diagram sunmari zing a nmethod 100 according to one enbodi nent. A
| ayer of magnetically active material is forned on a hard drive substrate
at 110. The hard drive substrate is generally a structurally strong

mat erial such as nmetal, glass, ceramc, or a conbination thereof. Many
substrates feature an al um num or gl ass base | ayer, but other enbodi nents

may feat ”r dfzgr boﬁlggf]é’@%'atiﬁ)m[?gﬁrﬁ's%mﬂéﬁ r@g%étﬂ&é’ 1@0%9&%@%& Hﬁé ur al

strength a ood ifon to t magnet | ca active
general | y emboedimieohl |4 layepeaf roagnatically Rctiieamaterial iie forme ﬁnya ‘héfd/dWé%lk

ar amagnet (o) | 88, mERGRet i C
gusceptg I bi %Llfbtsua{e ateﬂto base #}gyoglpgiggb%eﬁtow g%dc?j?lﬁq%gg %ﬁ%‘y F’rté%ﬁ%t I'C L
suscept i bi $Lidh>ascrheml lglassuqeramlcam)atcombmati@n?ot)ereoi[ (00arg)] subistratesdeaturecai I y

ctive la b o} e.qr [

Some. ombout MM "6 Ry Base SR ol SR Cel DU el BB Bhone s ame
or differ ecdmpasitposaterials. The smbetratﬂtmd\hdemstrudnhral st&;ngth andgood adhesion r st

| ayer and econd r erein t first 12YeL soft nma

mmrorial . nierRang Rl achlE iler e i o sl dgneiedly” RinerRghE, v

f:oer civi tYdlaﬁlﬁgnﬁth O?&eﬂﬂmdedya%aeal; Ipamnimgieﬁc properties t%rtéﬂmﬁlélanfsmﬁéi

ayer. In so e ILents, the CO rls ron, Lkel |
b3t num SPORHEN Rt Medhats ScebRtiith e FERR HERe oo abrut B s o ray
conpri se amabn'étazlsdsyemfbnﬁwaélammm RReabonf1.2Re0Hame or dl fferent
conpositions. The second ayer may al so conpri se a vari ety of materials,

S 2 B oo B ool T, % DT b Blingh BB e bt o 0
| ayers havﬂeﬂgnfabﬁeﬁtﬁmat@ralsil it eomBtemicrdinents| ﬂfeSIayénoaaﬁﬂmdes pruraipoti ment
o el i e e SRR Bl s 1S o hedridl. Hotaver, ooo
comprises a first layer and a second layer, wherein the first layer is a soft magnetic
material, which is generally defined as a material with low magnetic coercivity, and
the second layer has higher coercivity than the first layer. In some embodiments,
the first layer may comprise iron, nickel, platinum, or combinations thereof. In some
embodiments, the first layer may comprise a plurality of sub-layers having the same
or different compositions. The second layer may also comprise a variety of
materials, such as cobalt, chromium, platinum, tantalum, iron, terbium, gadolinium,
or combinations thereof. The second layer may also comprise a plurality of sub-
layers having the same or different compositions.

[0029] In one embodiment, the magnetically active layer comprises a first layer of
iron or iron/nickel alloy having a thickness between about 100 nm and about 1,000
nm (1 ym) and a second layer comprising two sub-layers, each having a thickness
between about 30 nm and about 70 nm, such as about 50 nm, and each comprising
chromium, cobalt, and platinum. The thickness of the magnetically active layer is
generally scaled to the dimension of the magnetic patterning to be formed in the
layer. In many embodiments the magnetically active layer will have a thickness no

more than about five times a maximum dimension of the magnetic domains.
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nm( 1 mm) and a second | ayer conprising two sub-layers, each having a

t hi ckness between about 30 nm and about 70 nm such as about 50 nm and
each conpwop2prigizetzsom um cobalt, and plati num The thi ekmasgoiofo3dshe
magnetically active layer is generally scaled to the dinension of the
magnetic patterning to be formed in the layer. In many enbodi nents the
magnetically active layer wll have a thickness no nore than about five
ti mes a maxi nrum di nensi on of the magnetic domai ns. [ 0030] The nagnetically
active layer may be formed with or without a net magneti smor nagnetic

suscept | biﬂg{;}égx-s Agh@rmé |H§|r})ag¥ﬁ\?e V‘ée})e'r ma % G biidd With BRARRHOLE Praperties

whi | e anor ut ma hi bIt nmagnetic properties by orderlng
al | or parmaghetishe or apagnetia. susgaptitiildwnl | 4n carnorpbousayayer fwill med exhiliit any st al
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may be nodi rea ener'gi es vari ous
t he nmagnet propeities doyt orderimgtatt ror glarti of thedaperd A onagnedicalyr anctmré layarUfeadedner gy.

Si mol o boatis PS5l of Tl SuF Bt hRSERve FroBRRR o orf MEHE 0y "o

resol ved imagba m@dmeﬂhsytnsatn@nembbnargm;rrﬁtvanomheformes such as optical or
el ectrostatic lenses or diffraction devices. In one enbodinent, a single

beam | > IRORE, "ACIS s Hebhoall SBuy AbtSL A B Pl ke (e
(rj :gt [ bi\/ng?er;(m;gyt §|hg Sfaérfrusbd@nrergmiay bg rdgli‘fer:bdabmlmr?-geamu:cﬁacusn?dalggzr 0 nm
o hbout 12 SHIY Re8hchr Bselipd SRALAMEkAL oB Hhgstut BAEAT, cABR Pt per

phot on mayreselvédints Qdetterrauspgiebctlamaggetdﬂ devites Gochias lopticdl onlei@dtrostatic
one-quarter the

el engt,h .of e laser Light w.t table r I on.

o oxanpl ENSS5 A HtaR0T oariSaoland SEkedipt g JEReT kcparsed Hitkdhace <o
treat a Sp@tdwﬁactmnsg*bﬁmaimultlpmenhemum and| thegﬁm&plakéd/béaﬂgﬁa@memw about
0.1 J/cm2 af}ge bout 1.0 J/cm 2. ? an argﬁof m_groscopic
| aser em t7e& Bessiia Wrouabi fogp QBTN tep e PERTSBepSorire S
plurality gdarfadrierdyr8bulcasmby RaE §8&p-UdSor x-ray laser or e-beam operating at

wavelengths from about 10 nm to about 1 pm. In one aspect, laser energy having at

least about 1 eV per photon may be focused to a space having dimension at least

about one-quarter the wavelength of the laser light with acceptable resolution. For

example, a hypothetical 200 nm laser may be focused to a 50 nm space to treat a

spot on a substrate. Laser power will generally range between about 0.1 J/cm? and

about 1.0 J/cm?. In one aspect, an array of microscopic laser emitters, such as a

laser diode array, may be used to emit a plurality of patterned laser beamlets, as

described further in connection with Figure 6.

[0032] At 130, a pattern of magnetic susceptibility is formed in the magnetically
active layer by exposure to the patterned energy. Portions of the magnetically active
layer exposed to the energy undergo modification of their magnetic properties. In
some embodiments, magnetic susceptibility is increased by exposure to the energy
as crystal domains condense from the amorphous phase. In one example, an
amorphous layer of magnetically active material having minimal bulk magnetic
susceptibility is exposed for a time period between about 1 and about 3 seconds to
an e-beam having energy per electron between about 5 keV and about 50 keV
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described further in connection with Figure 6. [0032] At 130, a pattern of
magneti c susceptibility is fornmed in the magnetically active |ayer by
exposur e wo 20tve12past er ned energy. Portions of the magnetctalsbyiomsiseye | ayer
exposed to the energy undergo nodification of their magnetic properties. In
sonme enbodi ments, magnetic susceptibility is increased by exposure to the
energy as crystal domains condense fromthe anorphous phase. In one
exanpl e, an anorphous | ayer of magnetically active material having m ninal
bul kK magnetic susceptibility is exposed for a time period between about 1

and about a, | ec t bout 5
keV and abf%ﬁ&?éfﬁﬁ\y{ngth Be 9 ﬁaa([iﬂo\%?zjt h b%%ma ou'?] % %%ﬂa%rqggaabmgﬁg tago nm
to condensmaemaymwldMeMGbmg Sninrd taimd edoue25 nabaak déptmof abolit ABoot 25 nm
and depth a 10 nmt nmfr h .|l a

ot ot 21 3500 30 A 414 oR ik A R e PR R thick viioh a0 Bt er
]1: ormat i ondbkfam ¢eay walddrbcwmthMQa aSpa@ra dfonmyaitoal déwigen t\)l\fl'ildhnmthy 1|a|a;f ngrl]n!

ocusi ng devic T mat.er.i al ividin n. ebeam.genera as a
ot eads el B MaEtAy, OREg Avie i fetitiel PReT O EH oA B fed
for a partpsam ajenarilyi ! hoattioe struofe rseithble! for mﬁemgnae@trdmnhanng Qtie
exanple, a thin f|| oId tr|x Fe used. Ih o h? exa net al s
such as si $RREQY 9E} ?Wﬁrn?gﬂéﬁ yPLAMbRARIEN. 1) sope [%F‘ bORIMENTS: havi ng
a cl ose- pa@kesdarﬁglel stmmﬁﬁ abldshatvs imeyeod s, |hwﬁ@rd&arr@le¢nhfetal§bbch as
structure e readily chosen for their different unit cell dipensions

to use w tﬁ Ve é%ﬂPPShs"'?ltWi”thﬂ?f"PBT dlitkeb i gfhes Mefdis hianing 2 ciRsaRacked,

magneti c sggheiysil bﬂrﬁdfuﬁévae hgoﬂswrmﬁmdcavst%aﬂéwn@awe kel Bﬁéﬁh fop
magnetic alignment is random zed by thermal processes. Local heat i ng

bortions ofhel chffasentinitael dimerasians rise With eleptanschaing Wfiest eRaraiesGiR | ¢
tenper at ur Ginef @bBYfBALE m%%r{%tlcrs‘i@lé@rﬁlbﬂﬁy de%@@é&eﬁ?&i‘ﬁ? 'e&péé!fr&%tthé" lity

of the exposed portion. I n one exanpl'e, an ordered | ayer
magnet i cal er}ergm@@pﬁgnﬁtléahﬁt@nt@ ranglogyizesktatthesnal pieeaases. f—@@ﬂl'ﬁ!é@atlws

lons may DG, REAAUGED B¥agn&tRENF¥isBBRtible O a temperature above the Curie

temperature, for example, will reduce or eliminate magnetic susceptibility of the

exposed portion.

[0033] In one example, an ordered layer of magnetically susceptible material is
exposed to a beam of focused ions. lons may be produced by a conventional ion
beam generator, and may be focused by electrostatic means into a beam of any
desired shape or dimension. A beam of ions may be multiplexed into a pattern of
beamlets by passing the ions through a pattern grating and then passing the
beamlets through structured electric fields to focus them to a desired dimension and
distribution. For example, an ion plasma may be passed through a square grating of
dimension 20 cm x 20 cm, with each grating aperture a square of dimension 0.1 um
x 0.1 ym separated from each neighboring aperture by a distance of 0.1 ym. to form
10 billion ion beamlets, which may be focused by electric fields into a patterned ion
beam of dimension 1 cm x 1 cm, with each beamlet having dimension of about 50
nm/50 nm and separation distance of about 50 nm. In another embodiment, a
pattern of ion beamlets may be produced by a field of nanoscopic ion emitters
formed in an array. An intense electric field, in some embodiments exceeding 1



beam generator, and nmay be focused by electrostatic neans into a beam of
any desired shape or dinension. A beamof ions may be nmultiplexed into a
patt er n obVokewmmi2et2s by passing the ions through a patteraoTgrsationgsand t hen
passi ng the beam ets through structured electric fields to focus themto a
desired di nension and distribution. For exanple, an ion plasma may be
passed through a square grating of dinension 20 cmx 20 cm wth each
grating aperture a square of dinmension 0.1 nmx 0.1 nm separated from each
nei ghbori ng aperture by a distance of 0.1 nn1 to form 10 billion ion

beanl et s, Wﬁh?hor”@\)’enb? Obec\%%ﬁﬂ eacﬁa ‘?l‘éélr 'tl'ﬁa nelaﬂ?ttéré‘q&lféspﬁ{aié?faﬂ%‘fi tl‘lé’” beam

of dimension I cmXx 1 cm wt havi ng di mensi on of about
nm 50 nm ametm¢mmem t@tFHﬂd:@edf)n%lbout 50 nm I n another enbodi rrent, a
pattern of ion beanml ets may be produced by a field of nanoscopic ion

emtters f@6ﬂ?d | Bt #4b, & |5|€§éctlﬁ5‘ld/yQF %W?ﬁnézd & tHe QJH(strﬁfedove'r theSPaBn&Eafdi ment s
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surface wi mbising. nidecpriotdctive lwler mayrmls@bgraasl@lngslawompmee@nb@mmlen&s

oxygen or Irﬁoéoﬁ'[ié" ?nbomﬁe&%oi Oétlo\fgctlklgﬁgﬁ{nﬁ%(aétoﬁ'@)rlgg t?cﬁf”ll %g)c/:l)@%)ﬁge! n

sone enbod nent a er npri se
car bon, rragarbomalndsmtrogmbona;abd alicarbogeand mﬂpgbmz cantaaumg)tayandnaytbeogen
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s t ed TTHORTSHE difobicledibe oyl caad BE S Big oL PeupehigetonBaREghefhe”
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pr ot ect | ortMPaRAG R GFRRST ISR B1AGRBCRON GHIVE 1BURT | gur od t o' det ect _and
[0035] At 150, a lubricating layer is formed over the substrate. The lubricating
layer provides protection for a magnetic device (not shown) configured to detect and
change the magnetic properties of regions on the magnetically active surface of the
substrate. In the event of contact between the magnetic device and the substrate
surface, the lubricating layer will minimize frictional forces on the magnetic device
that may damage the device. In some embodiments, the lubricating layer may be a
polymer, a carbon containing polymer, a fluorine containing polymer, a fluorine and
carbon containing polymer, a fluoropolymer, a crystalline layer, or a diamond-like
carbon layer. The lubricating layer is generaily also deposited in a low temperature
process to avoid altering magnetic properties of the substrate.

[0036] Figure 2A is a schematic perspective view of an apparatus 200 for
performing magnetic patterning of a substrate. An energy generator 210 is
positioned proximate a work table 240 having a substrate carrier 230 with a plurality
of substrates 220 disposed on a work surface 245 of the work table 240. The
energy generator 210 and work surface 245 ére moveable in one or two dimensions
with respect to one another. In one embodiment, the work table 240 and work
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change the magnetic properties of regions on the magnetically active
surface of the substrate. In the event of contact between the nmagnetic
devi ce amdothm/rotestrate surface, the |ubricating |ayer pairtus2omonsesez e
frictional forces on the magnetic device that may danage the device. In
sonme enbodi nents, the lubricating |ayer may be a polynmer, a carbon
containing polyner, a fluorine containing polynmer, a fluorine and carbon
cont ai ni ng polymer, a fluoropolyner, a crystalline layer, or a dianond-Iike
carbon | ayer. The lubricating layer is generally also deposited in a |ow

tenper at ur&rl%eC@@ dr@ rﬂM\‘Pééialé"hﬁ &rie @r "IN BirhsRINGPRY ali&k |9<§5|ﬁd?\‘ﬁwg;lﬂ*i§t rate.

[0036] Figure 2A 1s a schematic perspective view of an apparatus 200 for

per f or m ngsubsaiesi L20ota berpiperssed by Bigbenaray @enaiatametlyy Maveaeat of 810 i s
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one or two %E@%ﬂﬁ'd © r\n@r“} bigSH 45att6°es(ﬂ'@8 I%E'%I?J?Er acé&dlﬂgetoegpggdr”m&e the

wor k t abl ep sur ace novea Mensi ons to
al | ow posidimensiogalt paramebarsr airean2iter temiisipentc dbs eahebgy geperatar 310 is

ener at or ' e t tf a .1S,CO I er
950, cont i BaveRP I BT or dve R IR e ahRH SR uin SR g
di rensi onstheawdrkagurfatee 9% and ther sulpsisatés alisposed cthepsasi t | lanyely ahbthemor k
tabl e 240 at desir ocatio C di t o _one or

bar anet or <SpeERDE met BRER Tati 220 Ahd thel thsBF aferRh 21 2EE FOVARTE i ¢ i
one or twoorH SEtWI amentsmnposlntallcymbmemxmdnemw Mcbhtrdsltwpls,cbné orthe
work surface 245 aOE t he substrat s dis ﬁed tBereon qgt angstgair
embodi ment MO EANTHESAB PTESES é’°’2‘ ignigg PitHe &L ?i‘;f"&&%?% e sy s
nmoveabl e i dispdRd®n thé@:dﬂktwrmmwnh tespatd toeser@tigent s, the novenent is
controlled by one or nore controllers for precise p05|t|on|ng of the

espect  OORRLR of HerenTO0MATORET ) QUmGdife b Boro0h TR9ae AP or

e- beam genemdbéifents comprising an ion beam generator are described below. Figure 2B is .
a medium-scale detail view of the apparatus 200 showing the beam formation and
multiplexing assembly 201 not visible in Figure 2A. The assembly 201 comprises an
energy source 260 and a beam shaping assembly 205. The beam shaping
assembly 205 comprises a divider 280, a rectifier 265, and optionally an aperture
282. The laser beam or e-beam 270 emerges from the energy source 260 and
impinges on the divider 280. The divider 280 may be diffraction grating of any
suitable dimension, or a beam multiplier, configured to divide the beam into a beam
packet 287 comprising a desired number of beamlets 290 distributed in a pattern. In
this embodiment, the beamlets 290 are depicted distributed into a 'square grid
pattern. The beam packet 287 is passed through the rectifier 265 to form a rectified
beam packet 277, and to direct the beamlets 290 toward an exposure area 285 on
the surface of the substrate 230. The rectifier 265 may be an optical lens for laser
embodiments, or an electrostatic lens for e-beam embodiments. The beam passes
through the optional aperture 282 to block desired portions of the rectified beam
packet 277. In some embodiments, the rectified beam packet 277 may not have
uniform intensity distribution due to edge effects in the divided beam packet 290.

The aperture 282 may be useful to block beamlets having non-uniform intensity.
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Enbodi ments conprising an ion beam generator are described bel ow. Figure 2B
Is a mediumscal e detail view of the apparatus 200 show ng the beam

f or mat i orwendiomzb125pl exi ng assenbly 201 not visi bl e in PCgarseo12A3osthe
assenbly 201 conprises an energy source 260 and a beam shapi ng assenbly
205. The beam shapi ng assenbly 205 conprises a divider 280, a rectifier

265, and optionally an aperture 282. The | aser beam or e-beam 270 energes
fromthe energy source 260 and i npinges on the divider 280. The divider 280
may be diffraction grating of any suitable dinension, or a beamnultiplier,

configured di vi i i t Ry sired
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t he recti fihedidszedrbpamiet tsp@ad. QI fros erampleh i dnevimcident emergy @20 iid desp HAAM

ket 277 . i i i i i ] t . of f ect
pRcket 21T, Wl B8 O, b 68 B,
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t he beam shapi,ng ass .. The di vi der epi ¢ as a

Ui oot | R foRdlfe 3RS Hedme: healfiel sterf corahect JoP b Tl arci
D, di sthmcn%u_mg Isbant?rEWavaemgigthé e?ar?%fé disiadd ey _eﬁdwg&{m@aﬂtl Slrﬁéb td fwo\ﬁwpsur e
ar ea. endi ng. on the wavel en of energy incident on the beam shapin
assenbl ypzwﬁgh%orﬁ%qﬁ W‘@?é er%eﬁﬂHt"mstagge H nmay be adjusted to prgvi ge

the desired beam et spread Q For exanple, if the incident energy 270 is
deep UA/ ejpoesayy hBigureg 3aisvasehemgtid side sieaubf B0 apparatas BUOf forcteating g at i ng

navi g, Per el %ef WO oM EIBLABE R RebL . el ERARBECE

beanl et spgsagrises bW b4 pratkeEgetigstor 310, and a beam forming column 320.
The ion beam packet generator 310 generally comprises an ion source 312, which
generates a plasma 314 within the ion beam packet generator 310. A perforated
plate 316 allows the plasma 314 to exit the generator 310 in a packet of defined
beamlets 350. In some embodiments, the ion beam packet generator 310 may be a
showerhead, and the perforations 318 may have any desired shape and distribution.
In one embodiment, the perforations 318 are square, and are distributed in a square
grid. The beamlets packet 350 comprises a plurality of ion beams having a desired
dimension, distribution, and current density. The beamlet packet 350 is focused by
the beam forming column 320, which comprises a focusing electrode 322 and a
rectifying electrode 324. The focusing electrode 322 reduces the dimension and
spread of the beamlet packet 350 to form a converging beamlet packet 360. The
rectifying electrode 324 forms the converging beamlet packet 360 into a patterned
focused ion beam 370 comprising a plurality of beémlets having dimension, spread,
and current density proportional to the dimension, spread, and current density of the
original beamlet packet 350.
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havi ng shorter wavel engths may be divided using single crystal filns to
provi de beam et spreads with smaller resolution. [0039] Figure 3 is a
schemat i cweid®/oe#® of an apparatus 300 for treating a sabatscama3®d39 with a
patterned focused i on beam 370. The apparatus 300 conprises an i on beam
packet generator 310, and a beam form ng colum 320. The ion beam packet
generator 310 generally conprises an ion source 312, which generates a

pl asma 314 within the ion beam packet generator 310. A perforated plate 316
allows the plasma 314 to exit the generator 310 in a packet of defined

beam et s In e may be
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spread, anfagneticprbpettes ot thel@u@@@étbi mmplatrm irftd ehedé s frateosurfager lﬁﬁfbeldwd
current de Slt of the qr,iginal %‘tg acket ﬁﬁ [ 0040] The e %\1_/]
ool T ou 1 M8 desdy peatired. o i the Sribusate, Sidack, TAKS. OBRdre#o6eal

general |y fedcfive, aihdemBe theessle@BO Ytond tHe bﬁ)épae&msmﬁgtof%n&mv ar§oit me%‘h

bet ween about 1.0 keV and about 2.5 keV or between about 10 keV and about

50 keV, f oiYAE93RRpIa8dSOMpRAHIoRS S MixtuEstberesh d lqyiFRlantaton@ay be eftackiken

about 20 ki%}'/tréﬁfﬂwga@)éﬁ\/e@'(ihiéﬁ%adrfétngéweefcﬁ{/e Iéy@% %l]@r'i g gréatsieth8A la@duf o change
t he magnetic Eropert i es exposed portions of the substrate w t hout

changi ng tMe thishobecayRs tB'FkQW@agfﬂﬂi@?Hh?@t'Vel lgners genemlly seqire mogkficatiome
substrate ydddar O HEIaG8BeniRed diSterhile difference between treated areas and

untreated areas. For thinner layers, lower energy treatment may suffice to generate
a discernable difference. In some embodiments, the energy is selected to excite
thermal motion of atoms in the magnetically active layer sufficient to trigger
organization of the atoms into a crystal structure in the affected areas to form a
magnetically susceptible domain or a magnetic domain having a net magnetic
moment. In other embodiments, the energy is selected to excite thermal motion to
disrupt alignment of magnetic moments in the treated area, reducing or eliminating
magnetic moment and/or magnetic susceptibility.

[0041] For magnetically susceptible domains formed by exposure to patterned
energy, a dimension of the domains may be controlled by adjusting duration of
exposure to the patterned energy, intensity of the patterned energy, and ambient
temperature of the substrate. Incident energy at the substrate surface propagates in
a generally spherical pattern through the substrate. Areas heated to a threshold
temperature undergo structural change from an amorphous morphology to a
crystalline morphology. As energy propagates into the substrate, the extent of the
area heated to the threshold temperature grows, and the magnetic domain formed

thereby also grows. A higher ambient temperature of the substrate will accelerate
13



magnetic properties of the substrate, or inplant into the substrate
surface, but below the energy required to etch the substrate surface. Thus,
i ons ar e weonreroal2besnonr eacti ve, and may be sel ected fromrCrhs2¢008(323

consi sting of helium argon, neon, hydrogen, and conbinations or m xtures
thereof. lon inplantation may be effective for treating relatively thick
magnetically active layers, such as greater than about 70 nmthick, because
t hi cker magnetically active |ayers generally require nodification deeper
into the layer to achieve a discernable difference between treated areas

and unt r eab @HatRASof tﬁ@lrcrftit?élnt@ﬁ{pekéfmper fiont tﬂY&fghﬁt@%éﬂ%sﬁét@%?ﬁ&tbé&Msé”f fice
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domai n having a net magnetic nonent. In other enbodi nents, the energy is
sel ect ed tfocHsed den theamenlsupstraten are apRerali tepateshynseqientialhyhexpesifdnent s

inthe tre L Qg PRt FF‘%}R /
magneti c Sﬁ%@g%féiﬁcﬁﬁsth 3&#%8? el?%érdo?ﬁg .Eec{?gg y stlﬁ’?g%’g?ﬁ ere?grgraaiodrllasnforrred
by exposur¥ewvef paubeirate cagiesdd) with aiplueality ofrsubstratae 430 disipasedtherenn for

trolled ' ' Lo :
Cnrensi ty BPCefud Sbeding b St flniE RS hérelllSARsBraRF ofif 56 %
subst r at e. supecimposed eover gire asubistrates ebier A4 andf sidistptasp 48t tosrepresent

general |y ?&J;ﬁﬁé GRlarRatt gi@er{?est QFOA’%?fnpa tsécjpﬁs%trétﬂg egren'g‘Faqf'ﬁa %&?fgegﬁést%eﬂt

t hreshol d Tenperature undergo structur ange” ff¥om an“a h
nor phol ogypdttera. cThysttieatmerd zameshareoggneralty &eatedysqmuentiajiyt ascarding to he

Subet ot kBl Ay AR BBl A B SRR s o
t enper at ur substratehearsiebistpositionad oh samoetablatseyen fragedritileomotéetier sthgeal
ettt RS e BT e S bk SR St e, o
featuring g eRpdstdle Pasition. IbFnRSemdodiffents-Preasd posifioning of the substrate
carrier 410 and substrates 420 on the carrier may enable the programmed pattern to
avoid exposing zones that do not fall at least partially on a substrate, maximizing the
incidence of substrate processing, and thereby maximizing throughput. In other
embodiments, a reflectivity detector may be used to detect the different reflectivity of
substrates 420, the substrate carrier 410, and the surrounding work surface (not
shown in Figure 4).

[0043) Figures 5A and 5B are schematic illustrations of a substrate carrier 500
according to an embodiment of the invention. Figure 5A shows the substrate carrier
500 in a perspective view, and Figure 5B shows the substrate carrier 500 coupled to
a support 510. The substrate carrier 500 has a plurality of substrate sites 502 for
disposing substrates thereon. In the embodiment of Figure 5A, the substrate sites
502 are illustrated as recessed areas of the carrier 500. Each substrate site 502 has
a contact portion 504 for stabilizing the substrate. The substrate will generally rest
on the contact portion 504, and extend outward toward the rim of the recessed site
502, creating a cavity beneath the substrate.
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focused ion beans, substrates are generally treated by sequentially
exposi ng portions of the substrate surface according to a treatnent

patt ern. Woguoroei24726s a pl an view of a substrate carrier P¢TWSAHDI03G823
plurality of substrates 420 di sposed thereon for processing according to
enbodi ments described herein. An imaginary grid 430 is superinposed over
the substrate carrier 410 and substrates 420 to represent possible
treatment zones for a treatnment apparatus generating a grid treatnent
pattern. The treatnent zones are generally treated sequentially according
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according to an enbodi ment of the invention. gure 5A shows the substrate

carrier 50%HhsHalespa cepling 9asmay 8§, pr%l‘m?q:ﬁodl]? Qa@BS'Qﬂ ghihegvbstiates thraugh

carrier 50feCmaliggst® aﬁdsmpqrntorélembmﬁ\ewbﬁéd@tr% #RIhh§rietie Qrfaas of
plurality of substrate sites 502 for disposing substrates thereon. In the

enbodi ment thgrsubpigaies mgay raiseethsiy 5%'1‘[99&38-'@ it¢ adev) sufficient 1q degrade the resist
recessed A iaPbr %E@ﬂtéﬁfr{e’ iRfe ftﬁ@%gﬂéhér!gg@ ek aipgmpﬁanénm act

portion 504 or sta | zi ng thAe “substrate strate W general |
rest on theubsateamaypes pp@'ﬁdsbmngamecmngwbycﬁwlmgdatmmnirﬁ@ctwergasf the

revessed shich el SR RydtoBaY | InhiERRRIInE Wibslia! "ol e, [0044) i gure 5B

illustrates the carrier I n“cr'oss ion coupl'ed to a support

[0045] In an alternate embodiment of a substrate carrier, the substrate sites may
be projections above the otherwise flat surface of the carrier. The projections may
be shaped to mate with openings in the substrates such that the substrates are held
above the flat surface of the carrier. The projections may comprise conduits similar
to those described above for thermal control of the back side of each substrate.

[0046] In the substrate carrier of Figure 5B, the conduits 508 are illustrated as
projecting outward from the contact portion 504 at a 90" angle from a major axis of
the contact portion 504. In alternate embodiments, the conduits 508 may be fitted
with nozzles to shape or direct the flow of a thermal control medium in any desired
way. For example, nozzles may divert the thermal control medium at an upward
angle toward the substrate. In an alternate embodiment, the conduits 504 may be
formed having an upward angle to direct a thermal control medium toward the
substrate. In many embodiments, a heating or cooling gas may be used for thermal
control with the substrate carrier of Figure 5B.
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510. The contact portion 504 has an extension 506 for mating wth an
opening at the center of a substrate. The carrier 500 also has a plurality
of conduiwe 280812ai2sposed t hrough the contact portions 5@¢T/Usb@oomsrsdsii t s 508
are in fluid communication with conduits 512 simlarly disposed in the
support 510. The conduits 512 and 508 provide neans for apply a thernal
control nedium such as a heating or cooling nedium to the cavity beneath
each substrate disposed in a substrate site 502. For processes described
herein which may require cooling of substrates, a cooling gas may be

provi ded t e e r h n and
508. In on@o'{zl"r]rb ﬁrrémﬂcdﬁgdf’?{?g fha qgé n%}en Ir@&@té?if g%:gﬁ%@ﬂl ﬂ‘le7é éﬁaggl%r at es
may rai se pdopéntuebeﬂpmagnetleallycacavé kayet depdnﬂllangetytortthedmgkme of ke lageri st

mat eri al o t hr |nte rit f. the neti.c | .

oo wmens FotETRYED: hiER Javhrs Mis toBinsaith fFHHRSHaE sudisies etttk
cool non- rmtramsge@meﬂuolyneaﬁaInﬁasurableamgemncébdtvmrtreamed and uotgeted t 0 t he
substrate. 00451#8| n 3R te enb E) &fj trate carri gr, t he
substrate ¥FP8s MRy HEMPr vs&t.%%veabav@e@ﬁwea e AlEEENE BYs AisRdO™t ¢ he
carrier. TheditQiceCoi MAGNERYdorRaink apedort tvonBded Béridatio pise sadacd. NFbhehin
substrates such that the substrates are held above the flat sur f the

carrier. TR¥CISr e treatinerbmayi R at@atNg. RNdeRATaiss oy ﬁo%oe{o&’e i bed

above for joReramal prcitid 8b rivk gbhétrété%or@ fRndbdRRGhatdHIRS 1dyRE behéfld Ghe | N t he
substrate carrler of Figure the conduits 508 are illustrated as

proj ecti ng layer stfagef ch%ecXﬁ@P!ﬁar'ﬁﬂﬁcmabBPW §Rougy engray toimpar) tae sHibtHale maj or

axis of thg, etm% cREfg }l'wwé%thdtr}eéuﬁ&ffba?é%r@ﬁpﬁﬂpﬁ@m Sombife caRdn ts 508
may be fltte Wi th nozZl'es to shape or direct the flow of a thermal control

medi um i n Sufacgandrteet reayirederimpleatintetherfyFfiar@s nay divert the thermal
control nediumat an upward angle toward the substrate. In an alternate

embodi nent [oois?e CBeéhusteSdét@&uﬁWhéJ%uﬁéPérﬁ@d.mmqa%uarprupméd EAwEEn tthe di 1 ect

a thermal diumtoward the substrate ny enbodi nents, a
heat i ng or Megdiied Apdgaunediiedyegipns Pecemes Haprgglifficult with distance, thickness of

the protective layer and lubricating layer formed over the magnetically active layer
must be modulated to the overall specification of the substrate. As the area of the
modified and unmodified regions shrinks, the magnitude difference in magnetic
properties declines as well, so layers covering the magnetically active layer must be
made thinner to allow a read/write head to detect the different domains. In general,
thickness of all layers covering the magnetically active layer totals no more than
about ten times the maximum width of the modified and unmodified regions of the
magnetically active layer. For a pattern resolution of 10 nm, for example, the
thickness of layers covering the magnetically active layer totals about 100 nm or
less. In general, the thickness of the protective layer will be equal to or greater than
the thickness of the lubricating layer. Thus, for example, if a substrate has a pattern
resolution of 5 nm or less, the protective layer may have a thickness between about
30 nm and about 40 nm, while the lubricating layer has a thickness between about
10 nm and about 20 nm. '

[0049] Figure 6 is a schematic perspective view of an apparatus 600 according to
another embodiment. The apparatus of Figure 6 employs a field emitter 610
comprising a plurality of energy sources 620, and a focus member 640. Each
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control with the substrate carrier of Figure 5B.[0047] It should be noted
that the energy required to nodify the magnetic properties of a
magnet i cavbyoseionee | ayer depend | argely on the thicknessTafS2aibm3dsayer. For
a relatively thick layer, nore nodification of nmagnetic properties deeper
into the substrate is required to yield a neasurable difference between
treated and untreated areas. For a thin | ayer, however, a neasureable
difference may arise fromnodification of magnetic donmai ns one or two deep
beneath the surface. For thin layers, |ow energy treatnent may be

attractive '

ety ot o SORST ER0rers S, SBary Bt Mheldy b3 bR Tar B £ GBS h or
exanpl e, idiaeretmpadkatsetowandg’le foces g;emberisnpad'hetfdsmjssnemberaﬁ@ suhlrdmmeyvm th
energy between t uired to re rlent net|c mai ns near..t he.surface
and t hat rtéeqlﬂnrg 'Ctab Ie? Ieéﬁ'ﬁromﬁgﬁ?ef éerésur '@°Fft684gﬁn588§am%®e&§é9§té%vng t he
differ engeleha fovgsestthe pluraljtg of eﬁ@rgtasgmems mbenwﬁzljdésmd aeal anﬁ riirdctbitiesl

regi ons becones cu S ce, i ckness of t rotective
e ang PGy shenmg 440, toiard A mipbiolsr S8 As AeRefibaT SRl GeRimuls | et
be nodul at egbstrate bsownrg?érierageﬁa\fe @aiiaghRetially rtive hafaradisposta thereo, ea of
the nodified and unnodified regi ons shrinks, the ma nltgde dlffarenc

magnet i c pWBIsE PR ET Jeay P?Fe@a"ﬁsmﬁﬂi‘?t'c domping &stahlis AgeteePagresict al I y

active | aygivafd the DfipaRgR Wil B@eéelé&ed“tb%\?@taﬂ&é‘%&@héﬂ% B6mdink ofrélat gt t he
different domains. In general, thickness o | ayers coverlng t he

magnet i cal AOERDOEY dayary ef redHca @%Be%rsé's?qfﬁ'ﬁ'“%@ﬁta 1ayer thavng MAgneliki num

wi dth of thénamg flhem.safyaaw"mélém.&ersr mawzes nﬁéroraesr aﬁ&tf@glﬁﬁihl ¥s et Ve
| ayer. For a pattern resolution of 10 for exan‘r)) 2 he thi ckness of
abg

| ayers covéipfes th@@ﬁﬁﬁéﬁmcmltﬁerﬁacﬁ% ¢'ﬁ$ﬂ§|’s 8y, %lﬂﬂ uging stAdsd | ess.
I'n general I1th6§]ﬁgﬁ|t h:?éiﬁ‘n Rities] 6rhefoprﬂ@§ﬂ§r' ittt ernéNoH}%rﬁﬁ ?é]:HﬁiquEQ 8

greater than ness of the lubricatin ayer example, if
a subst r at desesbed efsgwherenhereiv| Tihe appYRIUS of higure| Geray btemfsqﬁlraﬁt described | ayer

may have a; tPcBrﬂé'&ﬁ T atf‘ﬁ %%%B&c%men 6%{%98&.—5%9 B eIl ® oM of

| ubricating lNayer ness
energy.

[0050] For laser embodiments, the wavelength of light used will depend on the
size of domains to be exposed by each beamlet. In general, features can be
resolved at about one-fourth to one-eighth the wavelength of light used to illuminate
them. Thus, magnetic domains of about 50 nm or greater may be exposed to deep
UV (e.g. about 300 nm) light with acceptable resolution to define reasonably precise
domain boundaries. Smaller features require shorter wavelength light or focused
particles. Examples of deep UV light sources include KrF and ArF excimer or
exciplex laser emitting at 248 nm and 193 nm respectively. In photon applications,
the patterned energy is generally developed into one or more spots or beamlets,
each of which has a core energy density between about 10 mJ/cm? and about 500
mJ/cm?, such as about 50 mJ/cm?®. Exposure time for each exposed region will be
between about 30 nsec and about 1 msec, such as about 50 nsec. Beamlets may
be formed from a single beam of laser light by diffraction, as described herein, or a
field of beamlets may be generated using an array of field emitters, such as deep-
UV laser diodes. Examples of such laser diodes include the various types of metal

nitride photodiodes.
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10 nm and about 20 nm [0049] Figure 6 is a schematic perspective view of
an apparatus 600 according to another enbodi nent. The apparatus of Figure 6
enpl oys awbDizelodizerestt er 610 conprising a plurality of emergp26008ises 620,
and a focus nenber 640. Eachemtter 620 emts a stream of energy 630, which
may be a continuous beam or discrete packets, toward the focus nenber 640.
The focus nenber 640, which may be an optical |ens, electronmagnetic |ens,

el ectro-optical lens, or nagneto-optical |ens, focuses the plurality of
energy streans 630 into a desired area and directs the energy streans 630

toward a Sgﬁﬁlratﬁ] @ﬁ@ms@éf gr%rgﬁtgreb§6"\?gggoreh§[e%fren %ﬂﬁtﬁ%?&h{eﬁ 650
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aror phous. PayenespeaEelipst il & bEbAlnd fRel YRR FFoRR I FREre"
rsrﬁgﬂe; iscI ggyr?l agls%%s}eeg sdmhstha'egan:rd pefftratienid tless tormymetal wapy ahdsearelectiitt er s,

d el ect Such t b
ormea us: Raeafal s Fpisd th b peel SRR, IbE' oot otiial bEbEalER oy
Eanoi rrp[3 i nélettgerfi@loqgaﬁcrasorom@%bbe@pmiamem@w gereralf) abouTmeV&mp@r gremteof

I gure e use ri onnect | ure Xpose an
entg'.J ire sub&h§ At %nﬁ%e¥§°§\§ ttﬁﬁ?%epﬂc rBH%?rQQ’ ﬂ[ﬁ)ﬁ?&ﬁq qngs ment s,
the wavel ehgduyhothe p&%rau&@itd/wérhm deparityoof beﬁnretge I@far@&mla"lﬁaebp the

exposed by each beamet. In general, features can | ved at. about

one-fourt hemafeé?@el HAY thet {98 %V@F%Mm?doby Idieaﬂﬁ't'rﬂﬂsédthﬂrb%mi‘ ISOMAASINS R hem

Thus, ”Bgnﬁnfatéhaﬂ d@e’iat@flor%b&kétr adflelBBHie mALRA LA pAB¥MIY eS8 Eolpnrieep WV
(e.g. about 300 ght with acceptable resolution tq define reasonably

preci se doﬁeneﬁfowaﬂ&aeete@ondsmru% similagly wsed te @gnerate andniepse wlgrHiceligld h
1 nt o T BEHRAMeRH ke afhBIBILor RE coltfins W obndtbte WSS | nclude KrF

and ArF exci ner excl pl ex ﬁgser emtting at 248 nmand 193 nm

respectively. In Ehot on applications,
[0052] mbodiments of the invention may apply to, and incorporate, various

types of magnetic recording media. For, example, recording media having a
granular magnetic structure may be manufactured. Also, multi-layered magnetic thin
films may be used. A magnetic thin film that is also a continuous magnetic film may
be used with patterned media. In one embodiment, the magnetic thin film may be
made of highly anisotropic magnetic material, suitable for a thermally assisted

magnetic recording.

[0053] Substrates processed according to methods described herein will
generally have a magnetically active layer with domains having identifiably different
magnetic properties from neighboring domains. In one aspect, the magnetically
active layer will have amorphous domains and crystalline domains, which may be
polycrystalline. The amorphous domains will have no identifiable magnetic activity,
whereas the crystalline domains may exhibit magnetic susceptibility or coercivity, or
may even have a magnetic field. The crystalline domains will have an average
dimension along the surface of the substrate that is not more than about 50 nm,
such as between about 5 nm and about 50 nm, such as not more than about 25 nm,
such as between about 5 nm and about 25 nm. The crystalline domains will be

separated by an average distance that is not more than about 50 nm, such as
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the patterned energy is generally devel oped into one or nore spots or

beam ets, each of which has a core energy density between about 10 mJ/cm 2
and aboutwbQ0im2é2m 2, such as about 50 mJ/cm 2. ExposupreTiisa®ofosrs2each
exposed region wll be between about 30 nsec and about 1 nsec, such as
about 50 nsec. Beaml ets may be forned froma single beamof |aser |ight by
diffraction, as described herein, or a field of beam ets may be generated
using an array of field emtters, such as deep- UV | aser di odes. Exanples
of such | aser diodes include the various types of netal nitride

phot odi Ode%etnggrEf Lholits ASardS A Fotnpr? stith taE'%Fm%?&}HRyab%t 55 ant rs@?h gintters
fornmed by dépositing a thin nmetal layer over a dielectric and patterning

t he resul t belgyesnlbouih emtamdcaboat 25 nat al - capped col unms. A perforated sheet
conductor (not shown in Figure 6) is disposed such that each perforation is
close to aqpphal e R for iﬁ‘é RidifdcfedPBléniBddithehts AR i é’ntfog bihgr ahget
conduct or. el ectric potential generates an electric fireld, which for
emi ssi on afuthec embodineénts @ itle inveptiammay be \denisedrwithoshtdepartmgdramtteeise
electric fjel r el ectrons fromthe netal caps and directs them

t hr ough th%g%g?g%}gﬁg%%g to forma plurality of beaml ets. In another
aspect, the emtters 620 nmay be ion emtters fornmed by depositing a thin
filmconprising a material to generate ions over a dielectric material and
patterning to create colums. A perforated sheet conductor is simlarly
used to generate an intense electric field that ionizes the material at the
tops of the colums to generate the ions. [0052] Enbodi nents of the
invention may apply to, and incorporate, various types of magnetic
recordi ng nedia. For, exanple, recording nedia having a granul ar magnetic
structure may be manufactured. Al so, nmulti-layered magnetic thin filnms may
be used. A magnetic thin filmthat is also a continuous magnetic film may
be used with patterned nedia. In one enbodinment, the nmagnetic thin film may
be made of highly anisotropic magnetic material, suitable for a thermally
assi sted magnetic recording. :
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[ 0053] Substrates processed according to nmethods described herein wll
generally have a magnetically active layer with domai ns having identifiably
di f f er entworgrei2d2spr operti es from nei ghbori ng donai ns. pCm/use@oassest , t he
magnetically active |layer will have anorphous domai ns and crystalline

domai ns, which may be polycrystalline. The anorphous domains will have no
identifiable nagnetic activity, whereas the crystalline donmains nay exhibit
magneti c susceptibility or coercivity, or nmay even have a magnetic field.
The crystalline domains will have an average di mension along the surface of
t he substrg@s k?g%uﬁ%d Qt nore than about 50 nm such as between about 5 nm
and about ﬁ S not nore than about 25 nm such as between about 5
nm and about 25 nm The crystalline domains will be separated by an average

di stance that isme@iod6TTerninga radghetic pécording SUBStrals adimprismgabout 5 nm and
about 50 nm such as not nobre than about 25 nm such as between about 5 nm

and about 25 nm 054 the foregoing.is directe odi nents of

the Tovent Lon. TRedIBME,n AUl aroRsHYLS foRtionc 3 AAchRealy: SV Ry &

geviAs ed \r/]v' ﬁgbq?égfmp_aééoraggfmmmm f@aesugg @enemga baergyfod/%mbxpcsmé abmed is:
met ho rmng netic, recqrding su a r|5|

modi fyi ng & tﬁﬁg‘ﬁ’g‘ﬁpﬁtep?‘%ﬁé@' ;}h%PaEefﬁsgtq"S o ? "&Lg‘é >;h%g?q%&rgtu|: ayer

of the nagpRbbeict MRBL MSMambmfy‘ww@sMpe@ftrersmedtr@twuﬁm@n an

exposure zone of the substrate, wherein the patter ned energy is selected to

dif h h b
oG Ol BRSSP T AP WA B P

ener gy C_Omﬁéerséﬁergl}edmdéu dyos erﬁrﬁteh@ramngeqm;ﬂu@ oflidskr aéémglénﬁﬂtéﬁ bylg, or
a pluralit beans emtte aser_emtters

o1 G ol 1ty S SupuE ner iaberse bf o Blrdlly” o SkrP Besme ued B AR Birar ©f “or a

plurality gbctréiemridrs of&ipiirakty Y ichbedimsPemed ibyranadttdyt &fliéh eittefdie net hod
of claim1, wherein the entlre surface of a substrate is treated by

gﬁggte P ;It 2' !Sy t rﬁaet r'ngguog d?lctél | t\/\)fmerem ?hea gr?t%%u?fggeegf e': gu r]sttrlafte |solreatec} Qy

sequentially treating a plurality of exposure zones identified on the substrate

surface.

4, The method of claim 1, wherein a plurality of substrates is treated by
positioning the substrates on a substrate carrier, identifying a plurality of exposure
zones across all substrates positioned on the substrate carrier, and sequentially
treating all the exposure zones.

5. The method of claim 1, wherein the patterned energy is carried by energy
carriers having energy density between about 10 mJ/cm? and about 500 mJ/cm?.

6. The method of claim 1, wherein the magnetically active layer has an
amorphous structure, and modifying the magnetic properties of portions of the
magnetically active layer comprises crystallizing the portions into magnetically
susceptible domains by exposure to the patterned energy or reducing magnetic
susceptibility of the portions by exciting thermal motion of atoms in the portions.
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surface. 4. The nmethod of claim1, wherein a plurality of substrates is
treated by positioning the substrates on a substrate carrier, identifying a
pl ural it ywof20mxporare zones across all substrates positipomab2a/08(323
substrate carrier, and sequentially treating all the exposure zones. 5. The
met hod of claim11, wherein the patterned energy is carried by energy
carriers having energy density between about 10 mJ/cnR and about 500
ml/cn2. 6. The nethod of claiml, wherein the nagnetically active |ayer has
an anor phous structure, and nodifying the magnetic properties of portions

of the magpeti I [ . ' I 7] . j i nt
magneti cal |y Isﬁ@c?epéf ?@P;&lf%&d@?’ ﬁgw@éjgﬁiépgﬁ?ﬁé@ﬁg&fthé'rﬁ%&%ﬂ@ﬁ%&é#t@éO'r "o
reduci ng ndamains ds costrelfEd by ladjugting dukadiopooft éxposutey teefte patterned enerdy, not i on

of atons in . th [t ... Th h f j rei i mensi on of

t he magnet |pEeé}sﬁ¥,8§W§cp%§§5nSpeen8gq¥g§hg%ﬁ'gb?e@(gﬁ%rﬁ%%}]?@ae %$3§ju§§??t§g duration of
exposure to the patterned energy, intensity of the patterned energy, and
anbi ent t eBper ddnuapparatus ier rvadifingsa magseticipropprinoba adbstate, modiprigingy a
magneti c property of a substrate, conprising: a work surface; a source of
di rected energy, {8 Jgrakbe work surface; a patterning divider disposed

bet ween the energy source and the work surface; and a rectifier disposed
bet ween the patterning nmenber and the work surface. 9. The apparatus of
clai m 8, wher eishsquiee ehidirapledsenargefacingthe wopk sNrfacgser , t he patterni ng
divider is a diffraction grating, and the rectifier is an optical lens, or

the energy sourgeattsrmy UividadMlispoedPBbfwiehi fHe @h¥igiesourte aaridnitie fwdrkn
single crystal, and the rectifier is an electrostatic |lens, or the energy
source is #ifacgnanfbnerator, the patterning divider is a perforated plate,
and the rectifier is an electrostatic colum. 10. The apparatus of claimS8,

further conpri sd rR@tifidr dgpRISEH betwHehitRS pattérdingaAdmber and the work surface.

9.  The apparatus of claim 8, wherein the energy source is a deep-UV laser, the
patterning divider is a diffraction grating, and the rectifier is an optical lens, or the
energy source is an e-beam, the patterning divider is a thin film single crystal, and
the rectifier is an electrostatic lens, or the energy source is an ion generator, the
patterning divider is a perforated plate, and the rectifier is an electrostatic column.

10. The apparatus of claim 8, further comprising an aperture disposed between
the rectifier and the work surface.

11. An apparatus for modifying the magnetic properties of a substrate,
comprising:

an energy source for producing laser, e-beam, or focused ion energy carriers
with average energy density between about 10 mJ/cm? and about 500 mJ/cm?;

a work surface facing the energy source, wherein at least one of the work
surface and the energy source is moveable in one or more directions under the
control of one or more controllers and one or more positioners coupled to the work

surface, the energy source, or both;
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the rectifier and the work surface. 11. An apparatus for nodifying the
magnetic properties of a substrate, conprising: an energy source for

produci ngwvbasmri2oesbeam or focused ion energy carri ersPaTius2avoB@ae ener gy
density between about 10 mJ/cnR and about 500 mJ/cnR; a work surface facing
t he energy source, wherein at |east one of the work surface and the energy
source is noveable in one or nore directions under the control of one or
nore controllers and one or nore positioners coupled to the work surface,
the energy source, or both;a divider disposed between the energy source and

t he work surface,.the divider havin | uralj of  suhs tl i,denti cal
apertures spaceadd|v % %Fﬁrbegﬂ??%g'ﬁgfﬁgpgsyhgégéetacpdt bl'gn\é'ﬁ@? %r@‘!fénc\ér é@eﬁt
ener gy frodividee haviag ey phealitg eofi substamtipllyu identital afertindss spadedain g redelat i cal
beanm ets; a a rectifier, dispqsed .be en the . divider and the work

surf ace, t'PﬂF‘*r’%&’\“f prapedoior hﬁﬁ‘%@ﬁ" t"&c"%‘\?,\f@u%neé% fiom 4§ PRGOS I Jwar d

t he wor k qu[,famgeofisnbgtaﬁﬁauyedjémi@awe;wmatsdaﬁd red di mensi on and distribution.
12. The apparatus of claim 11, further conprising an aperture di sposed

between the rectifier and th rk surfac h rLure i to
produce the dedl F%‘&ﬁﬁ%?'ﬁs???"gf"v*@’eegm tﬁ?sﬁv'ﬁe{ g%\ga@@gi\e”coi ﬁg@?ﬁegqge ?Fg%ﬁg ically
active | ayednfiguiedr ®i foctud andedireet treabeymizts toreart dheworksprfasedn anpatighous and
crystalline donai he crystal H@ﬂﬁfe}ﬂom' ns have identifiably different

ns., )
nmagnet i c p?%"b@?@%‘r#q}melnﬁ hang '%%omai ns, and the crystalline domains

have an average di nension along the surface of the nmagnetically active
| ayer of nt2. norre appanatabofitiafif ripfurthér cdinerising iaceapefturd disposkd), betiveeri n t he
of. cl

Whorein t nEeapageRAng e RERTRECR: e BBils being snarec o Biuce e et not
nore than gt obbedriets.
13. A device having a magnetically active layer, wherein the magnetically active
layer comprises amorphous and crystailine domains, the crystalline domains have
identifiably different magnetic properties from the amorphous domains, and the
crystalline domains have an average dimension along the surface of the
magnetically active layer of not more than about 50 nm.

14.  The device of claim 13, wherein the crystalline domains are polycrystalline.

15.  The device of claim 13, wherein the crystalline domains are separated by an
average distance not more than about 50 nm.
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