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BACKGROUND INFORMATION

In current magnetic recording media, growth in areal density has been
15 accomplished by the reduction of grain size of the magnetic recording films while
maintaining similar numbers of grains per bit, which is needed to fulfill signal to noise
ratio (SNR) requirements. However, continued scaling down of the grain size will lead
to thermal instability, which is generally referred to as the superparamagnetic limit.
One approach to circumvent the supermagnetic limit would be to pattern
20 the media into isolated magnetic bits that behave as single magnetic entities, rather than
hundreds of weakly coupled grains. It would be desirable, for ultra-high density
magnetic recording, to pattern the magnetic media into de-coupled magnetic islands

surrounded by non-magnetic material.

The present invention has been developed in view of the foregoing.

25 ' SUMMARY OF THE INVENTION

In accordance with the present invention, a film of material can be
selectively modified from magnetic to non-magnetic/weakly magnetic, or vice versa, by
an ion irradiation process. The ion irradiation causes a chemically ordered phase to

randomize the structure into a chemically disordered phase. Additionally, the order to



-2 disorder transformation al so changes the magnetic properties of the
material. For exanple, regions of the filmnot exposed to the ion
irradiation can be chemcally ordered and magnetic (ferromagnetl(g APR 2006
f erromagnegigGho¥ddhd € regi ons exposed to the irradiation RgAFEs&Hem cally
di sordered and non-nmagnetic (paranmagnetic, antiferromagnetic or 5

di amagnetic). Another possibility is tha.-the chemcally ordered regions
are non- magnetic and the ion irradiated and chem cally di sordered regi ons
are magnetic. Such materials maybe used in magnetic storage nedia, both
for di sc-driN@rdpHaRtRRatist AP RngdsYREmARR¢ F3pLABSOS thdim@RRa1eFhEdi nent, the
filmhas magnetically decoupl ed magnetic. 10 regi ons with non-nmagnetic

regi ons t hercdgaplgaegionsfdh wgnmsp(éwrtb@io@mwﬁwn cambe ewpueadly pdertidscr et e
regi ons that I . | i i J .
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regi ons of detanhawhemirally Hizerdored and ndnj-megretic (parammgheticpantiferagihametiooracr 0ss

its entire rface. A ect .of. t.h esent. inventipn is to provide a
mgnett ¢ 1 eciPtrengo 1Andt ek Blinti FelhE Een R BeleRadr Bt | r aa at ed
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hoent 1 on + SRS Hammsenrc e Baio DAOHE fisc AT A PR L THg
magneti c regyRappidadomdon- magneti c regions, wherein the film conprises an

al I oy whi ch has undergone an grdered to disordered transformation and a 20
resul tant magnetic tr&maesmhedimsnt the\filmdas magnetigallydepeupledapagagtic sel ect ed

from (g, MygegibR ’wiﬁ%oﬁﬂﬁlaghllbt(i)ﬁtle%?ﬂsgﬂleébéﬁéérb heRoRBRen&c tbAndhgs ent

invention is provide a netho making a magnetic filmhaving magnetic
and non- mag®eresponddy disaeste regienyibethase besmseleetively igadipted in gdpsived pastamst a

portion of the fi 1Qn i rradiatl i r.% rf . i of 25
the filmfrom aa{é*f!ell%‘flFﬁgealHQ{/hl %é‘ggérj}eegfolrrrlg?lg# Iﬂ:gfés?rg gﬁl@h@%ﬂ% lr{a%}&%gisf g?i ered

mat eri al , t et bds\beerpsubibeted hgudifremmagdigtionacandlitnantizegiaed.i ¢ regi ons. These
and ot her aspects of fhe Pre§%t inventign xé\n |1 _be nore arent fromthe
foll ow ng description. BRFER é’{fﬁFﬁﬂYﬁQ?ﬂ:‘ﬁﬁm WRNCSY e?—olr@flglis a
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substrate. %ubgstrz'ft\ERwhzegglg m%&%@%%gge%%a§%¢9§§§£s3§ %%n—h?agnetic regions.

Another aspect of the present invention is to provide an ion irradiated
magnetic film comprising magnetic regions and non-magnetic regions, wherein the film
comprises an alloy which has undergone an ordered to disordered transformation and a

20 resultant magnetic transformation. Typical films include alloys selected from Cr, Mn,
Fe, Co and Ni alloys.

A further aspect of the present invention is provide a method of making a
magnetic film having magnetic and non-magnetic regions. The method comprises
subjecting at least a portion of the film to ion irradiation in order to convert regions of

25 the film from a chemically ordered material to a chemically disordered material, thereby
producing the magnetic and non-magnetic regions.

These and other aspects of the present invention will be more apparent

from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Fig. 1 is a partially schematic sectional isometric view of a magnetic film

on a substrate.



Fig. 2 is a partially schematic sectional isonmetric view of a patterned
magnetic filmon a substrate in accordance wth an enbodi nent ff t@g
present invention. The patterned filmincludes isolated nmagne i% g?@ﬁs
surroundedywbyzR@ssagnetic regions. 5 Fig. 3 is an illusihalshpnssaf the
surface of a magnetic filmshow ng individual grains of the magnetic

mat eri al separated by grain boundaries.3Fig. 4 is an illustration of the
surface of a magnetic filmas shown in Fig. 3, after the entire surface of
the filmhas been subjected to ion irradiation. The ion irradiation
treatment converts t'iif‘g.grisa%garﬁag&‘éﬁérh&ﬁ sbQicR RS WnfeRtid VieWbBRpaiRIRA, non 10
magneti c regi ons between t magnetic grains to thereby nmagnetically
decoupl e t heagnetgfiln pra gybairate in &cerdameivgthanpmbodigieabtf the presrat BeFtoBe of a
Cr Pt 3 magnegi c fil r epasLt| ' b ion
irradiati oﬁft{erpgé'fr%aﬁ% %8@%619@%%%&19%%% %@65}%3 gﬁjre g%c% %on?n,ﬁ% gg?:ope (TEM
el ectron diskgivacti on 15 pattern froma CPt3 nmagnetic filmafter

depositi on and anneal_ing, but, before.ion .irradiation.treatment. Fig. 7 is
a graph of penetrati %}g-8@%519%@@%0{%15%639?%3 g?&@’“? v Ui f fer ent
types of i GAgiwiduhll gisihs Githé\@agiedp piategiabdefartied §¢ gain boandiriesmat ter (SRIM
simulation results for ion | npl a,nta#ion into.a Cgrrgfi?’ ggn%c.film 20
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subj ect ed tf9o POLAG thOEhtiERIRABS MthORInRhasREY bbb $Cn ifrddiatiod. The &ngr aph of
remanence, saturation noment and coercivity as a, function of ion dose
density forlﬂadlalqntt@afmmﬁF@l]’BF%@P&Plft boundarésis to ehemiall disgtdetsd, 1% 9. 10 shows

x-rayodiff REEA R G Serfithe I,Jg%;e@e Bhans(td @RlebS WREALURRAY 8QoudE tHeeak for

sanpl es subj er ent on-ion dose densities, before and after
i rradiati ornmagaetic grathsshows x-ray diffraction patterns at the CrPt3 (200)

fundanmental peak f ogigzsrig)zl 1%%‘?#%51?0%93“}@3%5%%{’%%@%% 4, dose

densities, before an ter Ir at1on. 03/ 036626
PCTI US02/ 33fkpdsitich 40 BAhdaFy, DESERIrETdrGtadintiactoatmbce with t he present

i nvention, magnetic fil are produced wth ma i etic
regions. lon irradi a?f%g‘%ﬁ aséﬁgg'b‘is’toi%eefs%%%cf%cﬁgggmﬁﬁg&mgﬁ%@%f rom an
ordengd st rya@tirfront 9 CPtins@ictie fianl aférdepssition anll anreaking biuddiforeitn, t he

irradiation treatment.

Fig. 7 is a graph of penetration depth versus implantation energy for
different types of ions, illustrating stopping and range of ion in matter (SRIM) simulation
results for ion implantation into a CrPt; magnetic film.

20 Fig. 8 illustrates hysteresis loops for different CrPt; film samples
subjected to boron ion implantation at varying doses.

Fig. 9 is a graph of remanence, saturation moment and coercivity as a
function of ion dose density for a _CrPt3 film subjected to boron ion irradiation.

Fig. 10 shows x-ray diffraction patterns at the CrPt; (100) superlattice

25 peak for samples subjected to different boron ion dose densities, before and after
irradiation. ‘

Fig. 11 shows x-ray diffraction patterns at the CrPts (200) fundamental
peak for samples subjected to different boron ion dose densities, before and after

irradiation.



5 resultant disordered region is non-magnetic. In another enbodi rrent, t he
irradiated disordered region is magnetic. As used herein, the

"magnetic" means ferromagnetic or ferrimagnetic. The term"” noin gkelﬂﬂ@
nmeans par afedRfidsss antiferromagnetic or diamagnetic, angralssfsishc! udes
weakly magnetic materials. The filnms produced in 10 accordance with the
present invention include distinct nmagnet-i c regi ons and non- nmagnetic

regi ons. The non-nmagnetic regions nmay have remanence, saturation nonment or
coercivity properties which are at least 2 tines |ess than the remanence,
saturation nonment or coerciVvi DETOES HESSRIPIdKNe magnetic material .
Typically, the remanence, saturation nonment or coercivity properties of

the non-nagnetic nmat ahiaddordinte Rith kiRAHéset ivenfidn, hihghétieHms @ESprédired t he

renmanence, satur ati on nonent or coercivr t_y pl‘ Opel‘tl es of the magnetl C
mat eri al . A¥itharagneticragd Ron-magnatisregions, der wgdiatiennis ysed te frapstern ¢ (egiondér ed

crystal  stpggh ol HPMEEIURGA tol A ddr Ot RLEFAR Th 8nd Enbbaiméhtahd B) where,
for exanple, the A atons are arranged on one set of atomc

si t esPsubl arqsnl@@t digerderpdregiontivonen-megnetier bragetiesmirginend; the sradistedset  of
atomc site erm "di sordered” neans a chemcally

di sor dered g{rs;é/fg'tpﬂgﬁgégtio(rhg?:ml%n%n which different atom c species are not
restricted to differAsisedbaningcths idnasnagnaicy steads fembrhagnetices, e.g., the
el emental atons maé eg{%dom sul{gﬁt,;tuted on thg atto C Si tﬁ . _Fo
exanpl e, in Ui S Har FOTREEPC ARG PPIET RS ! HBmF‘%}? o/ v

substi t ut eddframgnmmam a]fscmciaidémtaam)emhg&uc fatefials- rmgﬁhﬁs produted inn one
enbogl ment of the pr, nt _invention, eam i antafion js used to
pat t €Pn rredf‘céo’idﬁ’f“i?"()‘ ¢ RRFSeRh yeRtion 1?@1‘ gt fpg 'i‘l‘d’é’&loB?a‘b‘i%"BFder ed non-

magneti ¢ Nein@gnetic rdgdn8IThd Ain-BXSH¥AE Cogidi Slal ReveTeinandSe, WhiuthtipRoafened
protective coatings or non-contact shadow nasks. These patterns are.useful

for bit- pat PRAOREHILY PERpREIe Which s alilenst Hidmesiessdhandhe remanenge, BusAioRer ned
medi a_appl '&aﬁfeﬂmwé?awy BHop@hECEF thSflagRUE attigd TyBicdlly thdfeldfersy St €175
Fig. 1 schematically 1l ust|pat es a magnhetic structure 10 including a
substrate 1@“&'&@@%@;&& ¢agrefivitymraperticsied theglonmagneticipatemg) areoatnastdeorsi | i con
e 1 o1 ¢ER2A0% M 30300200 R RS ey 98 Etks B e CO

umna, nagnesi um oxil ass or any other suita teria
magnetl C flinagnbﬁcnm;enalorrprl se a netal alloy such as Cr-contai ni ng al | oys,
Wh- contai ning all 0ySy £optain «ald ovs n
Ni - contai ning alloys orusfq"l Fre %e{eﬁhgrdﬁlé Tnea‘q Ia S0¢ r%% {]%&%e[%h
may conpri ssnspecednianing stdestiwb aagntss(eigl, Anmd®) whaetee fmahplle,ahe A

atoms are arranged on one set of atomic sites/sublattice and the B atoms are arranged on

|cf|Im14

20 a different set of atomic sites/sublattice. The term “disordered” means a chemically
disordered crystal structure in which different atomic species are not restricted to
different atomic sites or crystal sublattices, e.g., the elemental atoms may be randomly
substituted on the atomic sites. For example, in disordered CrPt3, the Cr and Pt sites may
be randomly substituted to form an fcc structure that is non-magnetic.

25 In one embodiment of the present invention, ion beam implantation is
used to pattern media into ordered magnetic islands surrounded by disordered non-
magnetic material using, for example, masking schemes with patterned protective
coatings or non-contact shadow masks. These patterns are useful for bit-patterned
magnetic recording media as well as servo patterned media applications, both of which

30 may be used in disc-drive systems.

Fig. 1 schematically illustrates a magnetic structure 10 including a

substrate 12 and a magnetic film 14. The substrate 12 may comprise silicon nitride



Suitable Cr-containing alloys for the magnetic film 14 may incl ude Pt

and/or Pd alloying additions. For exanple, a C-Pt alloy may i
CrPt3, which nmay be converted from an ordered magnetic naterﬁgmépfzws

di sor der edwp@Bosgegnetic material upon ion irradiation. @§aiseshsF Pt 3 has
the LI2 fcc-derivative crystal structure 10 and i s nmagnetic
(ferrimagnetic). Disordered CrPt3 has a-fcc-di sordered crystal structure
and is non-magnetic (paranmagnetic). In the chemcally ordered L12 phase,
the material is nagnetic with a |arge nagneto-crystalline anisotropy of up
tod8x 136 er géatal @mﬁaalﬁmmh,anagnemamiw glas3for a:ﬁ;ﬂétherféﬁﬁzﬁlei ﬂim\iﬁﬂi qinehm' cally
ordered CrpPt3 is, i ani sot r opi magnetic material, ile the

di sordered Bﬁ&%@lcﬁmﬂgﬂlﬁg{ﬁ@ﬂ’@f’ﬁe& meﬁf%H?cYéPa‘aﬁ&r'WiaH“%ﬂﬁnst’é\%odi ment of
the present com¥ginkialeys, Félcontdils Mdys! (3-contABEP allby3, Ki-aRsdihih® Aidys @fHehe
magneti c ordered phase_to the non-nmagnetic di Sordered phase may be i nduced
with ion iHkadihames alleyef thg megnetic k14 maymompese mecifiparderddt h a dose

densi tsy 1018:B3dsitRs bQhtedPQaniB thick films. Magnetically isolated grains
and/ or patterned structures may thus be produced by ion irradiation. This
makes Cr Pt 3 hi ghly sdfvitade Erfcontainingradloyscfor the oraghetiy fild ldppayi ioelndeolts, where
thermal stapjid it . o i equ a transitio o_hi gher
ani sot r opy ?rﬂa Aerrl?ﬁaaﬁlgﬁng%%oﬁ{gsh%%%ﬁl&lp iea%ﬁé' ?%}f’y&? BEPPSSY ?fﬁr’t&; vVil?usc%pri marily
descri bed hmagbeconvéitdd fom sn orleted amegnetEhaeriadto adigaderd aosmagstiof materi al s

that exhibit an atom c .order- disorder. pha stormation i.n conjunction
with a magnEficrakupon ign ifadistian. & régp&@ﬁ&ﬂagéf%{zz%-gﬂvgﬁ%q Ty .Str%?%{eher such
mat erlioa: i Sar(dCﬂéI ;xﬁ@r)dgb@fegmdidg@lbﬁmmmemm@uﬁdaﬁ fcems@fuerqarcﬁlﬁgqﬁdrm_ gaetic
material to a .di sordered non-nmagnetijc_ mater.i upon ion_irradiation,

Anot her nmat &4 1§poy-Dagyec mm‘?@%ff;sg}th apcaippréraedblnpbpseethe matrtiabis
ordered rraﬂa%{eﬁs with a@drb@mafittdcrstaling 8kiSdhop§ Bf BRI 0CerfRé &id ACugPON | 0N
irradiation. Tron alloys may al so be used as the magnetirc film Suitable
Fe- cont ai ni ¥EPeRafse/ef 4t 299"@’-3&%@1@@@%3' Prderad CsPirds2 kighhyreniseirapic or  Pd.
Particul arl aﬁaggaﬁe ﬁia{eﬁaf%hﬁegfeaasgfda&d%m§noﬂ-ﬁséﬁe@le_ ﬁﬁﬁ&%aﬁ{&@ withAh, Whi ch

may be converted from an ordered non-nmagnetic naterial to a disordered
magndfi ¢ natmebddinens pbihe present invaolica, inonCrPifilg, APRERGBAransiio0Rp10 8626

PCT/ US02/ 33 i £ '_ﬁhgg - ﬁ;?g e, ifd be
used. For etgg ePg?é@aéd?%ié(%Ecﬁglgé% r%&ndgo&j’?e% Or}g o%t‘jlg&cg%é'ﬁﬁ%y may be
sui t abl e. Fomrdiatigm driesampleorsitigr?§0 ke¥ @' dgnsavithhe ddse desitpl0'f BolmA 2005 t o

about 200 nm used, .f ex le,. fr bout, 10 .to about 50 nm 5 The
ot ol e R MdnetlcBly RAAME eFyine &l p BN sk BT RE, O
t echni que sprottucad by jputitratiation, Thisiredes ErPthkighly aqitdbiefoamagnetiohdeoriing he | i ke.

20 applications, where thermal stability for smaller grains requires a transition to higher

anisotropy materials.
Although ion irradiation of CrPt; films is primarily described herein,
CrPt; is only one member of a generic class of materials that exhibit an atomic order-
disorder phase transformation in conjunction with a magnetic to non-magnetic (or vice
25 versa) transition. Another such material is (Cr,Mn)Pt;, which may be converted from an
ordered magnetic material to a disordered non-magnetic material upon ion irradiation.
Another material is the MnAl t-phase, which may be converted from an ordered
magnetic material to a disordered non-magnetic material upon ion irradiation. Iron
alloys may also be used as the magnetic film. Suitable Fe-containing alloys for the
30 magnetic film 14 may comprise Pt or Pd. Particularly suitable Fe-containing alloys
include FePt; and FeAl, which may be converted from an ordered non-magnetic material

to a disordered magnetic material upon ion irradiation.



During or after deposition, if desired, the nmagnetic |ayer 14 may undergo
treatnent such as heat treating in order to yield desired magne IAPR 2006
properties. For exanple, the deposited filmmy be annealed in order to
create or wohdnse2dagneti c properties and/ or change the pla&oYy szl
structure of the film Fig. 2 illustrates a patterned magnetic filmin
accordance with an enbodi nent of the présent invention. In the enbodi nent
shown in Fig. 2, a magnetic structure 20 simlar to that shown in Fig. 1
has been subjected to ion irradiation in order to convert the nagnetic
f1 i4| m 14 ShO\émdi n Fi g. Ahy desired thigkatdsef ﬂﬁﬁiz%g'nbt{iﬁ ﬁlﬁf}lm%&dﬁ&anﬁéﬂ e?callizaﬁle,r egi ons
a surroun non: magnet j ¢ regi ons . I n the enbodi rent of Fig. 2,
the non- na@ﬁ%‘f’]fb"{eﬁ %gbol‘h%t"rﬁ.}i\?gt %@W@%@éa‘nfﬁélq &AT magner sersling whi | e
the isol at e¢hedi#g Bféliness @ HoRHHodRtoBYE 20088 b, 26 &ImbR, 00
irradiation. Alternatively, sone types of materials nmay be converted from
non- magnet i 8¢ 1Rdrkont 20 WRen they are transformed froman ordered to a

di sordered structure. ' ' i xposed to
the ion irradiation arrdé&g%ésﬂgt?%g?%g‘i glﬁggﬁggﬁgﬁac%n%m%ﬁggmt%%g ir)#(')%ﬁ-ygxposed

regi ons ar es@tablertechnigug swebres sprjteding, cnolealar beam epjtanfal growtmerghelikec il m 14
may be accompl.i nni. ch as..optical |ithogr , _Aa-hbeam

|'i t hogr aphy ﬁ&lﬁg gle%hﬁ%ﬁf:%cgﬁlﬁg’ lg‘?le%irﬁ%g%wlg?%lgﬁ? r%?rcﬁl%afy %Qg%ﬁﬁg%ngﬁughdar d
phot ol i t hogrsisdat tedting mordergo iyieitdesizad magdetio gropértied) Foraguaile, chdepbsitedh over
sel ected regions, .e.q.,.the regions, 14a,, subjecti.ng the masked filmto ion
i rradiati onglr%nbagrl?\?gg?éa{eﬂén ?fﬂf‘%g LG 98 GPRES %’Whﬁgl%?r&g? W&%ﬁ]ﬁ‘@g\eéﬁ and
renoviong t herystalbesiuctuge ofthefilngl t o produce a pattern such as that shown in
Fig. 2. Any suitable lr;_;att_ rn size ma%q be pr,ogi.lc,ed. For exanple, the

regi ons 14a shown in Bed 1BsHaLEs apatfemed magnetic &lm gracegrdancgMathan1 nmto about
100 urn or pgEP&ImaR dfﬂleqﬁéihﬁtimnﬁ@n.tﬂﬂ%@&ﬁ&ﬂfﬂaeﬁmih'rvli_g?izgamagne&ibe present
met hod may be used to formany other desired pattern. For exanple, -

i sol at ed nagfetyre 29 sgrlghte that shym infFig. ddys boen spbjpetertio ieniaregiatien in asderat ed or
connect ed NENOARGNEE nfagh&RiFAAS 4 ig.7 i c?ﬂn? i

PCT/ US02/ 3353f -7 forrregg. Nagne{giﬁ%w?_glc%%%lﬁgﬁrég[iglge or g%grr%g équaggftécc drive
syst dfs nayiseions i Hesrioprdsd by nen-prgnaicnegionsd/Abr Insthe vobedimentraf Figs Acthe as

are or . i r i r.cul. rai ght or
it eurar maioAcRRl Weidls 148 beBBUPEBo0k to Pl Rlon RITES 1Bl &

ed with servo
i nf or mat i onmagretic régionsilkehave nbirbean stthentedatniondimdiationo fA ltehmativele ssente

venti on bR ATUGTIRN Ghyod SRk el iy PR yae) ™ o
pol ycryst al frinsforied fromfanGedeted tb Bdisgrdeted shoctadahy thity A&s tHEaygibes JTdie
20 film exposed to the ion irradiation are disordered and magnetic, while the non-exposed
regions are ordered and non-magnetic.
Patterning of the magnetic film 14 may be accomplished by techniques
such as optical lithography, e-beam lithography, nano imprinting or shadow masking.
For example, a standard photolithographic technique involves masking of the magnetic
25 film over selected regions, e.g., the regions 14a, subjecting the masked film to ion
irradiation to convert the unmasked regions to a disordered material, and removing the
masking material to produce a pattern such as that shown in Fig. 2. Any suitable pattern
size may be produced. For example, the regions 14a shown in Fig. 2 may have diameters
of from about 1 nm to about 100 nm or more.
30 ‘In addition to the pattern shown in Fig, 2, the present method may be used
to form any other desired pattern. For example, isolated magnetic regions may be

formed. As further examples, isolated or connected non-magnetic regions may be



susceptible to chem cal disordering. These regions of increased disorder
reduce the direct magnetic exchange between adjacent grains, | tic
recording media, this is 10 a critical paranmeter determ ni ng‘t%&ﬁr@g@i C
cluster sia® BRsksbdre sharpness of the witten transitiongr@s2yel as
having inplications for achievable areal densities and archival

information lifetime. Figs. 3 and 4 illuktrate an exanple of an ion
irradiation process in accordance with this enbodi nent of the present
invention. Fig. 3 illustrates the surface 15 of a nmagnetic film 30 having

grains 34 sdpaiedl dhddyti@icddrbing eieaiiddt @snpuld dise ative §stebtl hagde drnicdéntorgnet i c
film30 shown in Fig. 3 maybe subjected to ion irradiation in order to
produce a mepdrRRttPas £/ 9R S8 Pétéer’é%ﬂ‘)‘ﬁ}j’maﬁ HOpegT ﬁﬁ?‘,ag ' Sc‘f?ﬂb?‘iu_gr@é’r magneti c
grains 34a fepal fid@ds, RifaiBRidr CREMthdpnsRAInAMSn-3H3netldR@ihs Sfteink I adi at i on,

t he regions 34b becone disordered and non-magnetic. The ’irradiated
material t husterrppied With serepinfrmatiomgndtiedikeo grains 34a separated by

di sordered non- magnet | HERLPRS padbit i L. &6 iRb1hRGon BRENEt i C
grai ns§34a depends upgﬁar{aﬁ%p%?%%ﬁh §tﬂr uct &r Leé'g%)f&{éﬁé_r’ragr%e }c ﬁ?ﬁlm and can be
control | ed dargelesi (eegl, a Whole digehmpiyche aglievalgwithpubinaskdngradshedatd areas doout 1 nm

to about 10Q__nm.or e . r ed. 1n C ] e present

i nvention, the7 Pr'a H’g{}?cgjrslrpa%lrllgglergg?ﬁ;ﬁﬁ %gg%&%gg%g%%%mﬁﬁaméﬁferent
types of i oRuspgtible® chemivalbdisoriEring, Thise kgidds, of Arcreadéd disordée radocesthe One
advantage of,.B+ ions.is that.the ve a l.owmass and their inplantation
eoult o0 i R BRE YA R (B G eB g S e R AR o
rel atiyel y snsitital pheatetdditermitiig thedignéte @istrReiand B Shdrpriesd of the?s Wi | | not
disturb the properties of the materjal_ significantly. QIO Suj tabl e ion

i npl ant at i orVTHiTBIgREOnTEAs Weblifg daYipg frelisatians forachigabln areal depsitieg@ve t ypi cal |y
from about 1Qnhia1 abatidn Pe@mkeV, dependi ng upon the ion species used. For
exanple, a B+ ion inplantation energy of from about 50 to about 500 keV may
be WD 03/ 036626 -8 . 1BigaBRuddakustatr/apspammsgian igp iradintion prcesydmy :
appl i cati on ' { BRSPS BrelBY ifvRRG. TFi0 BinkRtes #lkurfie  abou
1017 ions pé?co%%?é%?gaﬁy? ??om g%o?ﬁ 10113 to abo%)t 1_1016 iSor]s per eng.
For Bxanpl ef a bugeaticifdm 30hpyiag grains 34 seisateftly graip boardgaies. rBwmeatipsurfag” t o
about 10" B ..ion r . [ 1 )4 I rious
aspects of £ ﬁgleglrl%gge{%ﬁlﬁlﬁesr}%?‘rgnﬂf Flggjn%g%é;&r?g%?ﬁﬁ% %%&%%Alt ohllﬁ?nl%teyft%he scope
of the inveptddoce a gyt édm 30a as shown in Fig. 4, which comprises magnetic grains 34a

separated by non-magnetic regions 34b. Upon ion irradiation, the regions 34b become
disordered and non-rﬁagnetic. The irradiated material thus includes isolated magnetic
20 grains 34a separated by disordered non-magnetic boundary regions 34b. The size of the
magnetic grains 34a depends upon the grain structure of the magnetic film and can be
controlled as desired. For example, average grain sizes of from about 1 nm to about 100
nm or more may be produced.
In accordance with the present invention, the irradiation process may be
25 performed with different types of ion species such as He, B, C, N, Ne, Ar, Kr or Xe ions.
One advantage of B ions is that they have a low mass and their implantation results in
local damage only. Another advantage of B ions is that their relatively small size means
that any remaining interstitial ions will not disturb the properties of the material
significantly.
30 Suitable ion implantation energies may range from about 1 to about 2,000
keV, typically from about 10 to about 1,000 keV, depending upon the ion species used.

For example, a B ion implantation energy of from about 50 to about 500 keV may be



Cr/Pt multilayer thin filns were sputter deposited fromtwo el enental
targets onto (100) Si substrates which were coated with 500 nm O anor phous
Si 3N4. 10 The deposition was acconplished by RF-diode Ar-ionlshltPRe2808g in
a Leybol d- {Jy BRss2s Z- 400 system under hi gh vacuum condi tigiSssefssput tering
pressure of 10 mlforr was used and the base pressure was al ways | ess than
8x I G-7 Torr. A 100 Wsputtering power8- was used for both targets.

Changi ng the sputtering time varied the filmthickness. Filnms were
deposited as alternating |ayers of & and Pt, with a total of 20 bil ayers.

The overal | sdfabid foftdahy SipNEARHNYEHN $Bblah@tiBedodBids hidh radpd floReatodt 1khess of
i ndividual |ayers, was thus,set to 2.5 n ran for Cr, and Pt,
n

\ t mand 7.5
respecti vel 9b°‘¢H9gé°f&§3H%®§’iPtCéHY frpmrAboBl 10 e AbowAY ndds 8o Far di%Rgnet i c) .
The 111105 Wl i8R lilihubRdBldel P RERL S0m(BIA)I %o Sbdud 1P Ban | Ner
Ar atnmosphere for o, mnutes at a temperature of 8501C. The anneal i ng
results inlepspenghe phase ordered magnetic (ferrimagnetic) CrPt3 thin film
havings L12 Structure. 140, Base ' ' aTys: IR N1y
( SR I\/)gs si mul ati ons, B?rgei %ﬁs t&%&i@@&%%& g{o%@%%eﬁfﬂéén&?#gp?er ri ?ﬁagneti C
CrPt 3 fil m iand alesesinteadagi to finbighewope 20th8 invenicbnl 016 B '/ cm-. The nmgneti c
properties of the sanples were neasured using Polar Kerr hysteresis |oops
and a vibrating sanpl e nagnet onet er %%%S Several X-Ray diffraction
(XRD) configurations were used to in te the structure and ordering 25
degree of the anneale I . 1d Moo W Phi li ps
X pert System using %ﬁ%‘iﬂrdgg%a lln(gl' %&E&ea%@%é%ﬁg{éaﬁd; Vi e(\)/vyr?‘lIn (Q:Irltglgr aph and
Fig. 6 is atafgdt eltet00pSi sibdtfates othichrwerp atatet witlo§00mnms efiph@phafstSéiNsanneal i ng,

but hout .any ion irradiati eatinent, The film.i t extured
and clther st TR einafion g teclblithel hy REr ot nmip Suriesth i 1 bl i 11, %50
an average g}f&]ﬂﬁyﬁbﬁgiﬁﬁ@gﬁ@fva&ﬂm &)ﬂdltﬁin@.l &sﬁt’ﬁtk:ﬁﬁg préRiire @510 th'Tore ovas i ;m t he
exi stence of t ordered L12 Crpt3 ase with an o araneter o

appr oxi mat eP§edgng thefasepresyre rag ol %ﬁ@@lw\%ﬂﬁé/@%e‘{zg%&%%%ﬁﬂ%ﬁ -9 5
10 15 renai REShscATHSHoH fakpisO\CRANGISY the BEtriAg tile GartidIne SR @6Lkaeds! Bilmihe fine
structure visible in some of the grains is attributed to Mire fringes

caused by oWerd deppsited agpliermating laxgre gk’f fgard ity witha it of 4R Rilayerse Jdg rxerally pt 3
(111)14 ul | - wh At cialess Vs et sé b0k BN thileRKs Wiftividud SaybRWa Shub-s8t to SRI M

simul ations were perforned to select an ion species and” inplantation
ener gy based.Somn a7 3 amiferer and Ratrespestiyglyd dipese aswepositodiilmg argnetk Cr Pt 3

magnetic (paramagnetic). The films were then rapidly thermally annealed (RTA) ex-situ

in an inert Ar atmosphere for 5 minutes at a temperature of 850°C. The annealing results
in a single phase ordered magnetic (ferrimagnetic) CrPt; thin film having L1, structure.

20 Based on stopping and range of ion in matter (SRIM) simulations, B" ions
at 200 keV were deposited on the ferrimagnetic CrPts film in doses ranging between 10"
and 10'® BY/cm?. The magnetic properties of the samples were measured using Polar
Kerr hysteresis loops and a vibrating sample magnetometer (VSM). Several X-Ray
diffraction (XRD) configurations were used to investigate the structure and ordering

25 degree of the annealed multilayer films. XRD was performed with a Philips X pert
System using Cu-K, radiation.

Fig. 5 is a plan view micrograph and Fig. 6 is a TEM electron diffraction
pattern of a sample, after annealing, but without any ion irradiation treatment. The film
is (111) textured and consists primarily of the atomically ordered L1z CrPt; phase, with

30 an average grain diameter of approximately 25 nm. XRD results confirm the existence

of the ordered L1, CrPt; phase with an order parameter of approximately 0.8, with the



films. The results of these calculations for He, B, N and Ar ion species
are shown in Fig. 7. Although a filmthickness of from 150 to 288 LS
shown in Fig. 7, other thicknesses nay be used as descri bed 1p9e B[@bé/
Boron i onsywy dsfasqats | Mpl antati on energy of 200 keV were sglg@isgssag an
approxi mate m ni nrum energy needed to penetrate the sanple filnms. Six
nomnally identical sanples were subjected to B+ ion inplantation at
varyi ng doses as shown in Table 1, while a reference sanple was | eft
unexposed to ions. Table 1 lon Inplantation Dosages for Sanples (B+ @200
Ike;.% 12 I“‘ 1;')- i‘%na%cé& cgr%isﬁr(l% Qs//éi:wh?ﬁ)ﬁSﬁg}-}(l) §f4 fcé-gi_soﬂi&'rgi Elm5T59<ﬂ1€b]§rud cﬂlr@|<vi§i91$4

X x101 nsity (B, /cm X _ i g. shows per pendi cul ar
hysteresi s [®esRe ofthe $raing isarbited fo Mopé éﬂﬂﬁg%&a“%@é(sqyrfgwpg}% gawns.

magnet 0- opt igtRkin8ie MRARRIMentBONRIddCCP, PPAY ﬁﬂﬁ@id@?&t!h‘éﬁ’%ix’ixﬁﬁhwghwm(?\ﬂ
hysteresis | oops, coercivity (He), saturation magnetization (Ms) an
rerranfantbna@n@\thziﬁlsia@b“(@ﬂl.g°- are shown versus ion-dose density in Fig. 9.
[t wi e appreciategllingg];ulﬂiﬁﬁC | i [ tted in Fig. 9
at 101§1 are actually those sanp geggrteﬁ%{f&llﬁ[gégeté%N%Q%N%%&R%ées%hg initial )
coerci vi ty iimplEhtaorbenk@y based dnithesdesibd pametration depth ante 20@nek thick€rPishar pl y

lon dose ddiar: PRI BBk el 2RgoRTHENE Y.l Ay b s 3R h il

nmagnet i zat i gn Adtheughod film thizkodse of franl 130 te200ams isshown ircKig 0f sthef thidknesdess e

density. Th lflnsa’y b8 used s %Easicgibed previously.

10 Boron ions with an implantation energy of 200 keV were selected as an
approximate minimum energy needed to penetrate the sample films. Six nominally
identical samples were subjected to B" ion implantation at varying doses as shown in

Table 1, while a reference sample was left unexposed to ions.

Table 1
15 Ion Implantation Dosages for Samples (B" @ 200 keV)
Wafer # 0 1 2 3 4 5 6
Density (B/cm®) - 1x107 | 1x10"™ | 5x10™ | 1x10" | 5x10" | 1x10'

Fig. 8 shows perpendicular hysteresis loops of the samples of Table 1 as
measured on a magneto-optical Kerr looper. Magnetic properties derived from the VSM
hysteresis loops, coercivity (H,), saturation magnetization (M) and remanent
magnetization (M,) are shown versus ion-dose density in Fig. 9. It will be appreciated

20 that the initial set of points plotted in Fig. 9 at 10!! are actually those samples that have
NO IMPLANT. The initial coercivity is Hp = 6.5 kOe and first slightly increases and
then sharply decreases with increasing ion-dose density, until it vanishes at an ion-dose
density of 1x10" B*/cm?. The saturation and remanent magnetization are both
monotonically decreasing functions of ion-dose density. Thus, a magnetic

25 (ferrimagnetic) to non-magnetic (paramagnetic) transition takes place at an ion-dose
density of around 10%° B/cm’.

Tilted X-ray diffraction 26/0 scans were done with y = 55° for each
sample of Table 1 both before and after ion implantation. The results are shown for the
superlattice and fundamental peaks in Figs. 10 and 11, respectively, with the dotted lines

30 representing before implantation and the solid lines representing after implantation. The



25 (ferrimagnetic) to non-magnetic (paramagnetic) transition takes place at
an ion-dose density of around 1015 B 7cnR Tilted X-ray diffrac /0
scans were done with w = 55 for each sanple of Table 1 botH Bekﬁgnﬁﬁ
after ion ywpkasgsad i on. The results are shown for the smyﬂsai/gjsgle and
fundanmental peaks in Figs. 10 and 11, respectively, with the dotted |ines
30 representing before inplantation andl0he solid |ines representing after
i mpl antati on. The 1 9 APR 2006 WD 031036626 PCT/ US02/ 33531 -
10 presence of the (100) superlattice peak in all sanples before ion

i pl ant at i oprdseiite 6atheg100) b@eﬁxﬂtﬁe pman alll sdnfiese@ie Bl ilnpRnfatibh &dmbﬁas e.
However, with increasjng ion he (100) superlattice p S seento

decr ease i n HeRXEfROLE théﬁﬂrdﬂeﬁé-lllz §:ﬂfﬂ E}é?ﬁ?)e%?w%l‘ier YD igrfeaszsen %Sﬁst#l? y of
appr oxi mat el yoo}gﬁp%éméfe*{,@aﬁ% &elmid &ee}ea& ih hﬁe&ﬁﬁ&ﬂﬁﬁ&llyﬂﬂ@ﬁ&m HiafGéh-t he 5

(200) fundane Is seen for all sanp regardl ess of ion- dose
densi ty, théoms%ty of epprgsimaely ol tBde r@eﬁ@anuhz ch#nesof phasenince the

fce-di order Y i on or
w i h For ¢ K20 BEEEReo IR sforBE 1 St ron RN ibdlaS S ReRRG nt BERL
m ni mal i npabanga Fscfrpnn the Ofrclﬁndiahiazrnhad;e tb the f_g&t-dlamimeé phdset er@nSPteBY lidlanpl es. 10
15 20 Durl n%hl On IfHQ a@tlg‘éaltlgrrll br wpdgh ﬁ)% q"u.r?cﬁm%ﬁt%fa};e%ﬂs. L‘lji%re%llg,t t%e Eo'nI s under go

a

implantation has minimal impact upon the fundamental fcc structure of the CrPts
samples.

10 During ion implantation, 200 nm thick ordered L1, CrPt; films undergo a
structural and magnetic phase transition to the fcc-disordered CrPt; phase at an ion-dose
density of about 1x10'* B*/cm? when an B" ion energy of 200 keV is used. The results
from magnetic measurements of coercivity, saturation magnetization, remanent
magnetization and x-ray diffraction measurements are all consistent with this conclusion.

15 An advantage of the present invention is that a material can be patterned
to break substantially all magnetic coupling between neighboring regions. Another
advantage is the small perturbation on the surface roughness resulting from the
patterning process, since the irradiated areas have a similar density as the original
material.

20 Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the art that
numerous variations of the details of the present invention may be made without

departing from the invention as defined in the appended claims.

25



structural and magnetic phase transition to the fcc-disordered C Pt3 phase
at an ion-dose density of about IxIO5 B+/ cn2 when an B+ iin e % of 200
keV is used. The results from nagnetic neasurenents of coe cg\Arh?{/ 06

sat ur at i onwgRgSkezat i on, remanent magneti zation and X-r g¢rdishdsRst i on
measurenents are all consistent with this conclusion. An advantage of the
present invention is that a material -¢dn be patterned to break
substantially all magnetic coupling between nei ghboring regions. Another
advantage is the small perturbation on the surface roughness resulting from
the patterning process, since the irradi ated areas have a sim/lar density

as the original .al.. Whereas particular enbodinments of this invention
have been"@"é‘é@r‘%’g?f%ﬁ% for purposes of illustration, it will be evident
to those skilled inthe @h{agﬁémtrecomﬁ@ﬁl@&&n\(m,g@taog@gsigg; the details of the
present invention nmaybe made w thout departing fromthe invention as

defined in the appended aastiate (125 and 9 APR 2006 WD 03/ 036626 PCTI US02133531

(L1 VHAT 1S CLAIMED | S' oo irfFBARAIch ondiRSOLAUAG AIFE ¢ 419056 &ch?Q\%bsﬁ%t@p” si ng:
d ing film

a substrate (12); and an ion irradi ated nmagnetic recor 14,30a) on

t he subst {E)evheteinthe filmdi4pPn)chmpfises ap flloy, s8Beled GomyFt, dbs FaamdNi oy sel ect ed
fromCr, MR ﬁ%dw(%@eggﬁ%oﬂg%%%ﬁggﬁo - Qr?étfc%e%?xﬁs‘ Jﬂasy{b '4a, 34a) and

non- magnet1 ¢ regl ons e ‘magnetic-recor meédi dm ( 20, 30) of
Claim1, wherein the fiThewmfapdetBOajordiogmedisms20,3Qr ofallhioy1, vderelthihe nagnet i ¢

recordi ng | 20.30) o aim?2, wherein the C alloy conprises Pt
and/ or Pdﬁﬂrﬁff‘twg)(m%ﬁ %&F@%rdi ng nedi um (20,30) of Caim2, wherein the
al l oy conprises CrR.3. TheMgnethgaaidiog mediamdRogoyarilaim £, ey theof C ai m 4,
wherein the alloy furthe rises Mh. 6. The magnetic recordi ng nedi um
(20, 30) oEréﬂoéﬁcﬁ?%f‘SWéF‘é‘{/choﬂ film (14,30a) conprises a M alloy. 7. The
magnetic recordi ng 47edi ke d@nc)re@hdifg Mkdiu®, (2086 FIaitd e whdRindhé OY

conprises MAl a-phase. 8. The magnetic recordi ng nmedium (20,30) of Caim
1, wher ei Allqyfgmprises CrPts,

5. The magnetic recording medium (20,30) of Claim 4, wherein the

alloy further comprises Mn.

6. The magnetic recording medium (20,30) of Claim 1, wherein the
film (14,30a) comprises a Mn alloy.

7. The magnetic recording medium (20,30) of Claim 6, wherein the
Mn alloy comprises MnAl 7-phase.

8. The magnetic recording medium (20,30) of Claim 1, wherein the
film (14,30a) comprises an Fe alloy.

9. The magnetic recording medium (20,30) of Claim 8, wherein the
Fe alloy comprises FePt; and/or FeAl. '

10.  The magnetic recording medium (20,30) of Claim 1, wherein the
film (14,30a) has been irradiated by ions selected from He, B, C, N, Ar, Ne, Kr and Xe
ions.

11.  The magnetic recording medium (20,30) of Claim 1, wherein the
film (14,30a) has been irradiated by B ions.

12.  The magnetic recording medium (20,30) of Claim 1, wherein the
non-magnetic regions (14b,34b) are chemically disordered and the magnetic regions
(14a,34a) are chemically ordered.



film(14,30a) conprises an Fe alloy. 9. The magnetic recordi ng nmedi um
(20,30) of daim8, wherein the Fe alloy conprises FePt3 and/or FeAl. 10.
The magnetic recordi ng medi um (20, 30) of Caim1, wherein thé9 APRn2006

(14, 30a) ha® dIesdszd rradi ated by ions selected fromHe, B,pcguddk;3388, No, Kr
and Xe ions. 11. The magnetic recordi ng nedium (20,30) of Claim1l, wherein
the film(14,30a) has been irradi ated2by B ions. 12. The nmgnetic

recordi ng medi um (20,30) of Claim1, wherein the non-magnetic regions
(14b, 34b) are chemically disordered and the nagnetic regions (14a,34a) are
chemi cal | y ordered. 13. 9 ARRn2gG6c CrRE03GHR6 (Z030) UB0RIM 33 3iherci? the3. The

magnetic r i LU 30) of aim1l erein e ., hon-magnetic
regi ons (f‘?ﬁ%%ﬁ%&g%g Ielssg]gn’ggi?)oc O%ISSRO? agt g{aéi&te\gh&omogﬁg%@f fiMe film
(14, 30a) . (14130aJ.he nmagnetic recordi ng medi um (20) of Claim 13, wherein the

non- magneti c regions, (1 correspond to a selected pattern. 15. The
magnetic recordi ng nedi uﬁ%@%ﬂetﬁ re@raﬁnmesl}%ﬁ?&a 8f Glaim &3, whereinignet i ¢

regi ons (%ﬂ)na@@étf&%%@ﬁlﬂﬂﬁ@ @eRipandRUNARLA HeERNS bet ween magnetic grains
(34a) of the film 16. The magnetic recording nmedium (20) of Caim12,

wherein the magneti® re§ronasnetiogsyordias medpan0) of Gloint 1 Hrvdersin e fi | m (14)
t hat wer e ,gg! i : i i iat : j ecordi ng
medi um (26196_)?)%@&&%?%&1?% @medro Ee}igsrﬁ*) {i%g’%%ﬁagglg%dfyrfgg%@%%%ﬁ%%r respond to
a sel ect egrapst(B4)of thedilmThe magnetic recording nedi um (20,30) of Claim1,

wherein the non-nmagnetif. reqior ) @ mcally ordered and the
magneti c regi ons arg& ch@n%%%n?@érg§oé§1?%§1§§ m@@)gﬁ@gnh%%ﬁeg &cor di ng
medi um ( 2@agodtic@egioms (183) catrespenditotpogionsrafjthe film (14) ghab mwere(nbésubjeczdrespond t o
ion irradiioa}lti gd' ‘i)rnti ons of the film(14) and the non- nagnetic regions
(14b) correspoﬁ To portions of the film(14) that were not subjected to
ion irradiation. 2017 TheTheagdp@tticretceding diebm@0) 68016i30) 6, dhefelrathen 18,
wherein the mnmagnetic S{J)4a1)r and. non- mag({leti c regions (14b) correspond to a
sel ect ed Hgglgeéltcﬂe_:glons (14a) cofrespond to a selectéd pattern.

18.  The magnetic recording medium (20,30) of Claim 1, wherein the .
non-magnetic regions (14b,34b) are chemically ordered and the magnetic regions are
chemically disordered.

19.  The magnetic recording medium (20) of Claim 18, wherein the
magnetic regions (14a) correspond to ion irradiated portions of the film (14) and the non-
magnetic regions (14b) correspond to portions of the film (14) that were not subjected to
ion irradiation.

20.  The magnetic recording medium (20) of Claim 18, wherein the
magnetic (14a) and non-magnetic regions (14b) correspond to a selected pattern.

21. A magnetic recording medium (20,30) comprising:

a substrate (12); and

a boron-irradiated magnetic recording film (14,30a) on the
substrate (12), wherein the film (14,30a) comprises an alloy selected from Cr, Mn, Fe,
Co and Ni alloys and includes magnetic regions (14a,34a) and non-magnetic regions
(14b,34b).

22.  Anion irradiated magnetic film (14,30a) comprising magnetic

regions (14a,34a) and non-magnetic regions (14b,34b), wherein the film (14,30a)
comprises an alloy selected from Cr, Mn, Fe and Ni alloys.



21. A magnetic recording nedium (20,30) conprising: a substrate (12); and
a boron-irradi ated nmagnetic recording film (14,30a) on the C;ubstrate (12),
wherein the film (14,30a) conprises an alloy selected from R 2#6 co
and N al | @os@bddad Ncl udes nmagnetic regions (14a, 34a) anthdi@ipyBEpeti c
regions (14b,34b). 22. An ion irradiated magnetic film (14, 30a) conprising
magneti c regions (14a, 34a) and non- rRAgReti c regi ons (14b, 34b), wherein the
film(14,30a) conprises an alloy selected fromCr, M1, Fe and Ni alloys. 1
9 APR 2006 WD 03/036626 PCT/ US02/ 33531 -13 23. The ion irradi ated nagnetic

film(14,30a) of C 23.m 22he joh@tiabed thipRietid iRy (1AB0RY oG I wheretd. The ion
i rradi ated rra]gneti c fi |%\ (14,30a) of Caim22, wherein the magnetic film
has been g3 VaPearuy Phons. 25. The ion irradiated magnetic film

(14,30a) of O aim 234, Whegesioh 1rrd*dib?edfrhzig?ibﬁ&ﬁm &1&%%)90&95&@{ 2, Rfhefeld M of a
magnetic recordi ng medi um 26. A nethod of making a magnetlc film (14, 30a)

havi ng nadhfenagneti¢ hahml&ynmélaﬁérbw%’@ﬁéu c (14b, 34b) regions, the nethod
conpri sing subjecti g atTﬁeqeﬁﬁmdatéa% E-rhélti {1)‘ réfr@fl&ﬁﬁﬁ%ﬁ refr® | on

irradiation in order to convert reglo n froma chemcally
order ed nihechlimadomtpmises &Nem'dmalﬁlhyommgmcecboniangmﬁ&mn t hereby producing

the magnetic (1 4a, ’Z%éla) gn lo;r%giég r‘?&é @36%%51 gma\(ﬁ\,g&rei n the

film (14, 30a) conpri'ses an N all oys.
27. The nétdagdajdndG@oaimagi6tic mmgm) redidms, the mm(oﬂil&:pﬁﬁas)mgmhsmcmg& léasPt 3. 28.

The met hod of. Cl im 6, in the.ion.irradjation is perforped wth ions
sel ect ed FPETHORE t@,ﬁe(lﬁ?% o 10p drradigtion i oxder €°cfﬂgveﬁ2r§ %n‘éfftﬁ% d of Claim
26, wher eiffont $iéhehBéullylofdgddxhaterinl tsa ﬂeﬁﬁ@nlpﬂfhometda nBammsheragz The net hod of

Claim?29, wherein the ion.irra ion is V|ded with ion i | ant ati on
dosage of Prodysipg Bieamaggetig(ida, é‘*'g awin%ma%ﬁ 14pp4o)mRgiops lrbfile i m 29,

wher ei n tbﬂf&(ﬁ cdrh ;{/&@b&i&l%s@l@&e@ﬁoﬁx@} M!nnIF)é ﬁi&tﬁtaﬂleyb energy of from about
50 to about 50 he met hod of Cla|m26 vvherelnthelon

irradiation is pr ovnied Thgi taethqded Glaim 26n WhetieBrihelBlm (lds3 08) cogsises han or
equal to 5 ions per cnk.

28.  The method of Claim 26, wherein the ion irradiation is performed
with ions selected from He, B, C, N, Ar, Ne, Kr and Xe ions.

29.  The method of Claim 26, wherein the ion irradiation is performed
with B ions.

30.  The method of Claim 29, wherein the ion irradiation is provided
with an ion implantation dosage of from 10" to 10" B ions per cm’.

31.  The method of Claim 29, wherein the ion irradiation has an ion
implantation energy of from about 50 to about 500 keV.

32.  The method of Claim 26, wherein the ion irradiation is provided
with ion implantation dosages of less than or equal to 10" jons per cm?.

33. The method of Claim 26, wherein the ion irradiation has an ion
implantation energy of less than or equal to 500 keV.

34.  The method of Claim 26, wherein the ion irradiation is applied in a
selected pattern on the film (14).

35.  The method of Claim 26, wherein the film (14) is deposited on a
substrate (12).

36.  The method of Claim 35, wherein the deposited film (14) is

thermally treated before the ion irradiation.



33. The nethod of C aim 26, wherein the ion irradiation has an ion

i npl antation energy of |less than or equal to 500 keV. 34. The t.had E
Claim 26, wherein the ion irradiation is applied in a sel ectlegepﬁ‘ggtgﬁ] on
the film (Wdosndas The met hod of C aim 26, wherein the fiddfdshH3ssss
deposited on a substrate (12). 36. The nethod of C aim 35, wherein the
deposited film(14) is thermally tredted before the ion irradiation. 1 9
APR 2006 WD 03/036626 PCTI US02/33531 -14 37. A nethod of naking a nagnetic
film (14,30a) having nagnetic (1l4a,34a) and non-nmagnetic (14b, 34b)
regions, the method37.onpAnsitd of lakieg ainfgnetic fileaEt,304 hpvihg nagneic the film

(14, 30a) ir.radi ation sing B,iong i.n order to convert regions
O the 11 [t asgaporasnrar (AuRib. RerghscihaBietod fararg Spleeemdral Iy

di sor der egd Uﬂﬁ)ﬁbf ﬂie,ﬁlﬁxf‘(ﬂ 3@&5 tdPloR i Mbn chRpARBFB b if ey B43hvernd
non- magnetl ¢ (14b, 34b i ions. 38. The nethod of Claim 37 wherein the

film (14, Heiops obthsilad 459? ﬁamwe@&aléxpqudrwr@l to awhemygally o and N
al I oys. 38130&391%?%&9&? tl?écrc}? % é’m%n%{dg %Q@% Q4 h 1{ %ﬁett'con i s provided
age of fro

with an ion | antat1’on 015 per cnf. 40.
The met hod4bf340) rgRion87, wherein the ion |rrad| at| on has an ion

I mpl antation ener 9y3f f ffh%%e%po(a%tf C‘i_)eg.rntﬁ, %Qr'élrh ég M 8¥;30a) comprises an
alloy selected from Cr, Mn, Fe, Co and Ni alloys.

39.  The method of Claim 37, wherein the ion irradiation is provided

with an ion implantation dosage of from 10" to 10'° B jons per cm?.
40, The method of Claim 37, wherein the ion irradiation has an ion

implantation energy of from about 50 to about 500 keV.





