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(54) Title: MAGNETIC FILMS HAVING MAGNETIC AND NON-MAGNETIC REGIONS AND METHOD OF PRODUCING

SUCH FILMS BY ION IRRADIATION

(57) Abstract: Magnetic films (14) having
magnetic regions (l14a) and non-magnetic
regions (14b) are disclosed. The film (14) is
subjected to ion irradiation in order to produce
chemically disordered regions in the film. The
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irradiated disordered regions may correspond
to the non-magnetic regions of the film (14).
Alternatively, the irradiated disordered regions
may correspond to the magnetic regions of
the film (14). In one embodiment, portions
of a magnetic CrPt3 film (14) are converted to
non-magnetic regions (14b) by irradiating the
regions with boron jions which disorder the CrPt3
film in the treated regions. The film (14) may
be patterned into magnetic regions (14a) and

12

non-magnetic regions (14b) for applications such as magnetic recording media in computer disc drive systems.



to the non-magnetic regions of the film(14), Alternatively, the

irradi ated disordered regions nmay correspond to the magnetic 1r§ghﬂ§n %
the film(14). In one enbodiment, portions of a nagnetic CrPt3 %(ﬂ )
are conver on-magnetic regions (14b) by irradiati £9i ons

W th boron{v?)g)n;sogvﬁ?ch di sorder the GPt3 filmin the treﬂgﬁ/ﬁd&?g‘g&?ons The
film(14) may be patterned into nagnetig¢-regions (1l4a) and non-nmagnetic
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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



magnetic recording, to pattern the nmagnetic nedia into de-coupled nagnetic
i slands surrounded by non-magnetic material. The present invention has
been devel oped in view of the foregoing. 25 SUMVARY OF THE | NVENTT190MPRn 2006
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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.



produci ng the magnetic and non-nmagnetic regions. These and ot her aspects of
the present invention will be nore apparent fromthe follow n 6
description. BRI EF DESCRI PTION OF THE DRAWNGS 30 Fig. 1 is a ﬁeﬂrﬁ’& qu
schemati c %q,g)o%% isonetric view of a magnetic film ong ayhsikiate. 1 9
APR 2006 WO 03/036626 PCT/US02/33531 -3 Fig. 2 is a parti al fy schemati c
sectional isonetric view of a patterneds.nmagnetic filmon a substrate in
accordance with an enbodi nent of the present invention. The patterned film
i ncl udes isol ated nagnetic regions surrounded by non-nagnetic regions. 5
Fig. 31is an "'ustr%ﬁ%}aw artiflfy SSHEAARSe@lonl iSRRI Hi6w bF b Pakdiye ng

i ndi vidual grains of t neti’c material separated by grain boundaries.
Fig. 4 is anagnetiefin on i subsisdte ithascondaricgovthomh embrdigieat 9idhe prespnbmvertionn i n
Fig. 3, aftgr t to ion
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t o chem caldegionh. sor dered, non 10 magnetic regi ons between the magnetic

grains to thereby manelcal coupl e t net Fig. 5is a
nicr ogr aph of the su%f%a & B¥ lénéﬁ 'b?&&ﬂjgﬁciatgpa‘gﬁﬂeg?pgnaho&"p%y tion and
anneal i ng, @&hdhﬂf@ﬁﬁsmnema@ﬁdbaiamm sIepﬁaﬁeﬂBylgl:mercmndzﬁness a transnission
el ectron mi croscope

electron d tio ern.froma CrPt3
magnetic filmafter %égpééﬁ%qlgﬁs%ﬁﬂn #1‘&? RN aﬁ@" %‘E}P B?ﬁh’éa? POV ¢ adi at i on
treatment. IF‘%Q} afferl tRe éhtigé aPfcObf (ReHBA halietsubRipled to/Rh Sisdiationl gnt &fni On
energy for fferent types of ions, illustrating stopping.and range of ion

in matter (ISRIipjonstrestment Fenyerts e grainbaugdarics o P%P%Ht’éts plRTed B o Pt 3
magnehic fi gbamfstts%%b ma@RRRall PlecBifIE Bleent Cr Pt 3
fil m%s)arrpl e‘éggne ‘greglogselc)ié‘tvg %?%%@l}eg‘r%l i npl ant at ?or?%gt vafyel ngﬁ dos?es Fig. 9
is a graph mzignlemfgamace saturation nonent and coercivity as a function of

10 shovs x.ray di v Ak ot Birpern A ER o olPb el AEARL T " 5 O
peak for salepbsitiorsandjaandatinig, bat lekifére éoncinadibidomireainpent.dose densi ti es, bef ore

and after irradiati %Pg 6 is a transmission electron microscope (TEM) electron diffraction

15 pattern from a CrPt; magnetic film after deposition and annealing, but before ion
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.



Fig. 11 shows x-ray diffraction patterns at the CrPt3 (200) fundanent al
peak for sanples subjected to different boron ion dose densi t|31e§ pﬁ){g@h&
and after irradiation. 19 APR 2006 WD 03/ 036626 PCTI US02/ 33531 A LED
DESCRI PTI GNo Boaeser dance with the present invention, maggqliseisiys are
produced w th magnetic and non-magnetic regions. lon irradiation is used
to transforma region of a filmfromad-ordered structure to a disordered
structure. In one enbodinment, the 5 resultant disordered region is

non- magnetic. In another enbodi ment, the irradiated disordered region is
magnetic. As used herein, the DEMIIFRIVEICRIPTIGRNS ferromagnetic or
ferrimagnetic. The term "non-nagnetic" nmeans paranmagneti c,
antiferromagnetic or IndcRABABEWIE thedicbet iBRNtiOK; IMbERSI R |ave pro@EREd | C
materials. The filng produced in 10 accordance with the present invention
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r emanence, | . ggl%gi or coercivity properties of the non-nmagnetic
mat erial ar gégﬂtde{egﬁéééyﬂég%r “10 times less than the remanence, saturation
monent or coer ci vi ty Axwspéhéreiesthe terinlimagnaiigh eteans famoreagnatic oAs used herein,
the term"ordered" .. ns a ghemcally ordered crystal,..structure containing
at |east i EPEREHY ol Fao: Ok HRots” igsay e agmes iR ROmERIEISST of ore ar e
arranged ondiamegsetit, il aBd tldleswtakdy fufetit MateiaBNThé AknSpradwedinar e arr anged
on 200a different set tgf aton c sites/lsg)(iialti ce. The term!disordered"
means¥a cheffiCRIIRRSP Witk 186 pryssnt ipvendpringlude distioet faaenetic 178ioeR 2 8%2r ent  at oni ¢

speci es ar emagietic Q@cfnis.c’lﬁéjnérpma%eﬁf: BBtk nAY Al GredbhdiSe, Qhtufatiss indment
subl attices, e.g., the elenental atons e randonmy substituted on the

| emer t may
at omi ¢ sit e CORFSVityPrapsTties whiehdresd lenst 2tmes Ipgsdhan the repjangneg, pfuratiofes may  be

random y substiehit@krtifitf HoBbbs §fGhe DbEGE HakribD Alypicall) e £RERAGIEEC. 25 1N
one enbodi nent of the present invention, ion beaminplantation is wused to
patt er n medsaratinnonenent peeperigyarprertiies|of feqonumagpefirdnaters) ar & bnastrasd non-
magneki ¢ majefl i le .. i i th r ned
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for bit-patmegmedidmatedgineti ¢ recording nedia as well as servo patterned

medi a appl i cati ons, %tuge&)}];erglﬂi tﬁer:] ten%o‘orrgri%%g’emgésn%% c'hgmglaﬁf ey %ry%‘éé?t ens.

structure containing at least two elements (e.g., A and B) where, for example, the A

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

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



Fig. 1 schematically illustrates a magnetic structure 10 including a
substrate 12 and a magnetic film 14. The substrate 12 may comfré i@f?bdﬁcon
nitride 1 9 APR 2006 WD 03/036626 PCT/ US02/ 33531 -5 coated si'l

al um na, nRE8HIcIH Oxi de, glass or any other suitable mapehihhassdfie
magnetic film 14 may conprise a netal alloy such as Cr-containing alloys,
Wh- contai ning alloys, Fe-containing al-I5eys, Co-containing alloys,

Ni -containing alloys or the |like. The nmetal alloy of the magnetic film 14
may conprise specific ordered 5 conpositions or internetallics. Suitable
Cr - cont ai ni ngatad dikivpa, fianintk, hﬁa@iﬂ@ﬁlﬁtdxﬁief glhs¥ot dny@leri sGtdblch@atetial. gne/ or Pd
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material is mnmagnetic wth a |arge nagneto-crystalline anisotropy of up to

8x106 erg/cc and a Cufiteble Cewpripiaingralloysf fonthe mage@@dilmTlidusay iotledd Rial | y
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and/ or patterned structures may H’Suiﬂefge g%ltrjce by._ | on ir rad| atjon. This
makes Cr Pt 330 1§ APY/magAeiis gagampagnet p ehemieally g pie Bamatsel Suher e
thernal st aRbpdeti¥ whtla 1§g@h1a95et&5@gtaﬁma BRISUHFBS oPug foam o‘t érgec R heahner

ani sotropy materials, Althou ion irradiation of Ims is primarily

descri bed h&m@ptture ghabpus 200°GnThpsoshemisaiiy erd W%P@WB@Y@PJ&%%OP& mat eri al s
that exhi bi f,a8hARHS, MheH dbRIAShRNRS6-thERAL O RE:AMh: HiORI Unct i on

with a magnetic to non-magnetic (or vice 25 versa) transition. Another such
mat erlbal | senit@dinvent Pf the pieiend lm\mt}orbén cemcliline d nfagagticdransibeniBere theragnet i ¢
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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.



to a disordered magnetic material upon ion irradiation. .1 9 APR 2006 WD
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t he il®n i rr agstal stawotuds 6f the Slar. der ed and nmagnetic, while the non-exposed

regi ons are ordered d non- magnet | c.%ﬁgtter_ni ng, of the magnetic film 14
may be acconplished Eé}gt Rival @datterpedmagnetip, fiing in aceqrdansg AW, a- beam

| i t hogr aphy embatident @ ilicHrésost ifenfHa IR BSHOdRRent stfovn iR X8TD) @ma%,eﬁte andard
phot ol i t hogr aphi ¢_t echni que i nvol ves maski ng of the magnetic 25 f

) > ) ragnetic 25 filmover
sel ected r e§T4sAEe 2@sigilar okat shogiroind'ia 4 dias Besdjsebiestertodempinmdiskientiintarien to i on
i rradiati ont@neQnie hlaghdi® ﬁ;ma?g&ﬂn 88 ONfito! ﬂeﬁkéﬁm?cggmgﬁg%%&%ﬁéo, and

renovi-ng the masking materi al produCe a pattern suc wn in

Fig. 12.  Anyregions s sutonnded by nor-magnetigyegienspidbd icthd empedimentaofifig 2, thhe
regi ons 143110?@19%@1:?‘ v ' I:S.. 4 f nmto about
100 urn or nore. Bgf%(gléé%% F%% btg%l %ﬁgéeggﬁogrlﬁa%ﬁ%’\%h&ﬁnﬁg @?gsﬁaée,]d t he present
met hod nay megnetietegians 1#ahave anlybeet kayjectkeistd imdirmpdibticyr A lteRativelyasoplee,
i sol at ed eti.c regkons ;may be . fornmed. As further ex les, isolated or
connect e dl ' nﬂgzﬁe_zs ngafg Irhaé? rals ngigl?e Océrswel%eg ﬁf6)81 non-magnetic to magnetic ohin tgey are

transformed from an ordered to a disordered structure. In this case, the regions of the

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



1 9 APR 2006 WD 03/036626 PCT/US02/33531 -7 forned. Magnetic recording
medi a for conputer disc drive systens maybe fornmed into bit patt ?
and/or servo patterns such as square or hexagonal grids with sﬂ]tpef&re @5
circul ar palocdB3@ses2est rai ght or circul ar magnetic and non- re@ngo/sssst ri ps,
patterns interrupted with servo information, and the like. 5 In another
enbodi nent of the present invention, io7+nplantation of a |large area
(e.g., a whole disc) may be achieved w thout masking of the data areas. For
exanple, in a polycrystalline filmof CrPt3 the grain boundary areas may be
nore  suscepbinidde Mapnetiertsaing diedhrfoedontifiter dlze dfve Sglemd agheforatedased
di sorder reduce theﬁ%dgq!,rect magnet i Cc exchatrg)?g bet ween_ adj acent grains. In
magnetic re btrHS‘FtF@_S IServp pteTns sush as;squateof Beyas &ﬁ‘ést YWEELCH ni ng t he
magneti ¢ cl Wat@hr Satch@s, 3R ghtHe cBOARNRRSH Cindd8-maphétictsBihs! patteskst | ons, as
wel | as having inplications for achievable areal densities and archival
i nf or mat i on iptFreEptpdrwith porye infasmatien, 4nd the like.r at e an exanpl e of an ion
irradigtion process i} ,R86PE q of el L ITRAL sent
invention. Fig. 3 illustrates the ?sﬁtgnr()?agi) S%%ﬁéﬁgé r’ragr%g1 |fa(I:1 P??ﬁf%o havi ng
grai ns 34 sdpage arce(e.hya whele disovaykerachisyedTmichoshmiaskingsofithexdata avbast fer magnet i ¢
film30 shown_ in Fiag. e | I | I =1 i rder to
produce a nﬁé%%&e’cm% ipf)?r%cg%téﬁlgg%gﬁgﬁghﬁ%ﬂl Egba.m OQOJR\%%? gﬁg%:%l%%lr)% {é(e)gs)e magneti c
tgL ains 34a sgﬁgptgaé tecbhbgajc_ahhsamkgimgl [l‘hfjsee@im&f Mh;asddpﬁn:rdeomdhcemdi gti on,

e regions econe i sordere nd non- netic. The.irradiate
mat er | al ¢ hGTeT AR B Ra P AT B g ARLs 1 OCEp PRP B
di sor ger ed neftivAPAGHIeter BatrRdRinY tHe@fHgetc chébter siZ8@ndihe ha@pnesdiéf theragnet i ¢
grai ns 34a depends upon the grain structure of fhe magn?tl c.filmand can be
control | ed d4ttyadmpsidonseasyvelas hpyiag impficatins fopraghivablezeal gensies Alhbout 1 nm
to about 10QchiVAl RforRfish MRY¥mbEe Produced. In accordance with the present
invention, the irradiation process may be 25 performed with different
types of ion species EigeR 2 4iidustpte agexapplyef anpjon irggdiafion ROCPHAZ.  One
advant age Ofafc%fd%ng@%ith thid dafoatiay of‘%g ?regerlt WelRstS R4 ifiMafes iHTRLARAL | on

results in ocal damage only. Ano advantage of "B+ ions is that their
rel at1vel y offahlagedtiedilmsfigving brains3d penacated by grainibevedasies. t Thelentirgrpurfogel | not
di sturb the It].eSe0f ri L ORiEd .. . Syl ion
i npl ant at i oﬁPgl(r%El(r?a ( éetgc ﬁrrlglymisgﬁvégﬂ# ﬁg.ﬁgﬁ%h«?ﬁlﬁéﬁ%ﬁg lc‘))étm%ﬁ%ﬁg% E‘Z@l Et ypically
from about pfbdnce ainagretit i G0kas\showir peigi 4 gvhighoomiphigesintagnetpegraies 34ssed.  For
g)e(a\/n\%l 8’3 / 83%%)?%8& ﬁyq%n?mngg%ggicor%giogsegéﬁ)y &Jonfignofpraalggg&, mSC()reéignsaﬁ%Lf)tecoSrr(l)eo keV may

disordered and non-magnetic. 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
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i npl antati on dosages may range from about 101" to about 1017 ions per cnR,
typically fromabout 1013 to about 1016 ions per en2. For ekdmARR 2006r on
ion inpl an{y@fdsRBssgPsages may range from about 10" to abouycykierBssy | Ons per
cn2. 5 The follow ng exanples illustrate vari ous aspects of the present
invention, and are not intended to |im&-the scope of the invention.

Exanpl es /Pt multil ayer thin filnms were sputter deposited fromtwo

el enental targets onto (100) Si substrates which were coated with 500 nm

O anor phouguitibiNGr mhly aaibﬂcai@a@smmﬁglam'ﬁo@@@@gm lniag h&the BonRibodi TktoAr - i on

sputtering in a Lgybol d-Heraeus m under,.hi gh vacuum condi ti ons.

A sputterind ‘ﬁ%téQsd‘PféPS’fm‘}E)tYﬁﬂ‘GWﬁW@saboﬁsl@ taﬁEP“Ltlll%lGHé)é@eW’éssFﬁfe was

al ways | ess gk an?&rdn ih m?plgﬁétfon dOsabBOmAY PARigh H@ﬁl'aﬂgutg@mﬁ abRgouged for
both targets. gz;ngt he sputtering tinme varied the filmthickness. Filns
wer e deposi tiens pasem ternating layers of Cr and Pt, vmth a total of 20

bi | ay . The overall bl m AU

t hi ckﬁsress of indivi du’gilesﬁo yer temnqséigﬁﬁlgssetva?%{w %B%Jasﬁm anrc’fr%%gl?gln Por

and Pt, resped:alie\netigntenaekdetehnmsxhdappsof&dirfvbhﬁml are non- nagnetic
(paramagnetic). The filins were then rapidly thermally anneal ed (RTA)
ex-situ in an inert Ar atnosphere f j,hutes at a tenperature of 8501C.
The annealing results in a single poéh%sge‘ﬁmgrs'dered magnetic (ferrimagrietic)
CPt3 thin filmhavin %ljlg I gnge of ion
in mtter (SRIM si rru? ion 1@%&%%1#5‘12%1s %re%ggtgéii dg@sﬁiﬁ%%‘é%@% lgn t he

f erri magnet itagds &1t3 (FOOhSI substtes eichamere noptdkewite 00 1) dBamamboutG1HNB ' / cm-.

The net i operties of t red usi Pal.ar Kerr
e oREor ! TaRhERS i 5% fp ot B RE SR A B SR e M pRaiGas’ " ¥ ray
diffracti onzémpsteﬁm&ld@wgwaanﬁn venidetions.ed spmmagp&bdmﬂmrh?o@wayct ure and
ordering 25 degree of the anneal | tilayer. £ erforrred W th
a Philips XUdrap Sﬂa}?ﬁ%ﬂfﬁ%ﬁeﬁ@% ayg]f M?nf g‘“@ﬂe’ SP&“&@%

m crograph gaduddddor ot ﬁrg@tsTbﬂh@l@g:&egﬁut@hﬁé iR vhrddd th@ Akt Siidkneds. aﬂﬁlarrpl e,
after annealing, but wthout any ion irradiation treatnent. The film |s(I

11) textur eH’eEﬁ"dfPE%WQ P%@ltgmﬁﬂpgrﬁlﬁw of GF and R, withafatal of 0 Bilayerse e pyeradl py 3

phaseys wi t h530 43R RYEHAIE 1958260 sth ARE R thiOlkn AR RHIER SykrsIvasiis sftD
results confirmthe existence of the ordered L12 CPt3 phase with an order

par amet er of-Sappawsk]. famdpyCrung Ptapspectively. Thgsemprepryied Nonsyse 098626
PCT/ US02/ 33§i’§iénet1c (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



-9 5 10 15 renmi nder consisting overwhel mngly of fcc-disordered CrPt3. The
fine structure visible in sone of the grains is attributed to I\/gb

fringes caused by overlapping grains. Rocking curve measur enleBt égpg%| ed
CrPt3 (110 Hlokes¥d dt h at hal f - maxi mrum (FWHVM)  peak w dt hgmagkoed98s@s 1. 8.
SRI M sinul ations were perfornmed to select an ion species and inplantation
energy based on the desired penetrationdepth into 200 nmthick CrPt3
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 200 nmis
shown i n Fi gemdind@chiistihfbedwhefdsply 5Bftc-BRorderRd Calt; dEBefindxeaicrensibles| y .
Boron ions wth an_jnplantation enelglgo%é f 200 keY were sel ected as an

appr oxi mat e WPERGRiheHaing s afsbped ta Phteusedhy QVSTRAPINE §1RIRY . Si x

nom nal l'y  igdheiihb cale BRAREESenYNGEFealddirPS (1) - Ritit ShalfFRd@bid (F WV
varying doses as shown in Table 1, while a reference sanple was |eft
unexposed t eeilowisthsaaloveasil.§%n | npl ant ati on Dosages for Sanples (B+ @200

k ~~T6 45 2 ) .y
ko) 5= T8 45 2o Boiall Stk st fLRn3pdkang L x 1014

implantation energy based on the desired penetration depth into 200 nm thick CrPt;
films. The results of these calculations for He, B, N and Ar ion species are shown in Fig.
7. Although a film thickness of from 150 to 200 nm is shown in Fig. 7, other thicknesses
may be used as described 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



Fig. 8 shows perpendicul ar hysteresis | oops of the sanples of Table 1 as
nmeasured on a magneto-optical Kerr | ooper. Magnetic properties gféi?ﬁﬁ from
the VSM hysteresis |oops, coercivity (He), saturation magnétﬁz €NB)
and remanewb o3BsRel 1 zation (M .) are shown versus ion-doserdgossdy in Fig.
9. It will be appreciated 20 that the initial set of points plotted in
Fig. 9 at 1011 are actually those sanplé8-that have NO | MPLANT. The
initial coercivity is FI 6.5 kCe and first slightly increases and then
sharply decreases with increasing ion-dose density, until it vanishes at an
i on-dose derskic oPthe LI HpeBtiiveBeak Hh 6l Sadipléstief@dioanthplaatikioe idicates

magneti zation are both nonotaonically decreasing functions of iop-dose
density. ThiRe existengepidhe erdseed dsla Crhtpphase Heyever WtHRHaSHE PR 9955 &magnet i ¢)
transition {adossugRliafie flak MsebR B SR R8se ifl BNSHsHtY adf firlIQUidpddi & aBiotc®2 Til ted
X-ray diffraction 20/0 scans were done wth w = 55 for each sanmple of

Tabl e 1 bot Hogsedensity af appraximately &xl O /et enfigring thechangeof phasgr Binghiben f or
the superl j gaent ad. | i | . ectively,

W th tfﬁe doﬁ%%ﬂ%ﬁ%@g@r epr esen{faﬁg é %re &%sﬁ%ﬁ?g{%%gﬁl?ﬁ%g?ﬁgﬁggl id

| i nes repr eshaige isgfrea therordamsl- Bhi rdiasedn theThe disordered phase. Therg isovepyPRtI2006 WO
031036626 PCI/ USQ2/ 335 - .10 presepc h thi peak in

al |l sanpl esg%_aéllgg}ngélFB?l&i]lﬂ%alu Irll?g‘fvﬁ%)lhpolrﬁn %’:%‘%arengn&#%gi(sém S geflr)ll%étrh%:)fo(ﬁt he ordered
L12 Cr Pt 3 plaplantatidenies atinimai infipacneioadss fogdamentatifes strudtive of (he@iPtssuper | atti ce
peak is seerslm%&esdecrease inintensity and finally disappear at an ion-

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



dose density of approximately 1x1015 B+/cn® confirm ng the change of phase.
Since the 5 (200) fundanental peak is seen for all sanples, regé;gdltz s of
i on-dose density, the phase change is fromthe ordered-L121p91 he

fcc-di sordgpegogigase. There is very little change in thedagk,iasati on or
wi dth for the fundanental peaks. Therefore, the ion inplantation has

m ni mal i npact upon the fundanmental #é&t-structure of the CrPt3 sanples. 10
15 20 During ion inplantation, 200 nmthick ordered L12 CrPt3 fil nms undergo
a structural and nmagnetic phase transition to the fcc-di sordered CrPt3

phase at an ion-dose density of about |xIO5 B+/cn2 when an B+ ion energy

of 200 keV,d . esults from nmagnetic nmeasurenents of coercivity,
saturati omaﬂgﬁiﬂmt’s'ren&nent magneti zati on and x-ray diffraction
measurements are ali. consispedtic rddokding ReGuRIDEBO)ToRPrising? advant age of the
present invention is that a materjal can be patterned to break

substantially all nagnetaisfé‘b%&?pql?}i@n%et ween nei ghboring regions. Another

advantage is the small Féﬁriéﬁ'{rﬁéfaleﬁ%&ﬁet%ﬂ@cozﬁﬁéﬁﬁﬁ(f@ﬂﬂﬁ‘@ﬁ&%sﬁb%ﬁ&ﬂeti ng from

the patterning process, since the irradiat areas have a simlar density

as the or (grveiereimihediing[ 4,305 epongsep an allayiselgeted oo, Ee eid Nihi s i nventi on
have been i . . | t] i Ll 1 be evident
o those Sun it AflarRRtEAl Rl (RAED Bl nb b Qe o' ot T
present invention rfaybe Timdegnetidrectrdinglapdiot (20,30 afiClaihel ,iwhemit then as

defi ned irﬁ t@@ﬁﬁaﬁnded clai . 25 1 9 APR 2006 WD 03/036626 PCTI US02133531
-11 VWHAT gn TRgIses;a L8 gnetic recordi ng nedi um (20, 30) conpri sing:
a substrate (12); @nd alThe@iaghéticadioadingimedigma0,80y & @lsidi 2)Gvhktelnthé 14, 30a) on

t he substrat 12)., er ei he film (14,30a) conprises an alloy selected
fromcCr, Qﬁ,al?qyggg)ﬁ Sﬁlﬁ},}\{?&%fﬁ?%i}s and includes magnetic regions (14a, 34a) and

non-magnet i ¢ 1 egi o (14fc &hpieticTecokiisy MBARI2630RFAAMT WG (20, 30) of
Claim1, wherein the film(14,30a) conprises a |l oy. 3. The nmagnetic
recor di ngHYFOmRI$ssE§BB) of Caim 2, wherein the

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.



Cr alloy conprises Pt and/or Pd. 4. The magnetic recording nmedi um (20, 30)
of Claim2, wherein the alloy conprises CrPt3. 5. The magnetic recording
medi um (20, 30) of daim4, wherein the alloy further conpri Eds APR 2685 The

magneti c r@easdsdags nmedi um (20,30) of Caim1l, wherein thecdidoiizdsid, 30a)
conprises a Mh alloy. 7. The magnetic recordi ng nedium (20, 30) of C aim 6,
wherein the M alloy conprises MAl -d2phase. 8. The magnetic recording
medi um (20, 30) of daiml1, wherein the film(14,30a) conprises an Fe
alloy. 9. The nmagnetic recording medi um (20,30) of Claim8, wherein the Fe
all oy conprises FePi3 anal'h@mageﬁd:recdlﬁingﬁn@iimgz{md)ofcmﬂnﬁ,iwlgrmdieum

(20, 30) of I f|| 14 30 as been iated by ions
sel ected fi rogm I% t%dgey] ﬁl‘ﬂg,&%} REPRY é %afe foTtopg 0 q’ ﬁ?ragnetl c
recor di ng (taslam ( 20, 30) of Claiml, wherein the film(14,30a) has been

irradiated by B ion 12, The ma.netlc recordi ng nmedium (20,30) of daima1l,
wherein the non- ma?fhe ﬂéh?@%ﬂ re(-‘%ﬂ%%}%ﬁ?@?eﬁ@mreéﬁ,wghegﬁns dered and

t he magnetiof-rageétte oﬁsléab%a)esp@ﬁ@m%%r&feabwermdered 1 9 APR 2006 WO
031036626 PCT/ US02/ 33531 -12 13. The magnetic recordi ngbrredl um (20, 30) of

Claim12, wherein the n%@ﬁ%lﬁﬁﬁieéofﬁ’@gmfi&m( @ oBdleim EHrwhstaiothd to i on
i rradiat ecﬁoﬁ-ﬁfaﬁh&fﬁsreﬁgnst @m‘;drog@gﬁoﬁ%f& g?ﬁﬁq)omfldﬁw L3O BOPEN 5 g&%or di ng

medi um (20) of Clainil non- nagnettTc regl ons
correspon@@@(%@@f@@tfﬂm pattern. 15. The magnetic recording medium (30) of

Claim13, wherein t nd.to grain
boundary regions be{‘beween na%?ﬁél’e&r&g eﬁﬁ’?ﬁé)ﬁg)é%&m?fl emltg‘? The
magneti c rnmgmtistiregomse(dma)mp(re@)mcbﬁ) pﬁitwnsmﬂm;a filvh €14 ithrat tveee nobmbfeetedeo r egi ons
(14a) correspr%l .to portions of the film (14) that were not subjected to
ion irradiBtt oﬁ cff‘?. The magnetic recordi ng nedium (20) of C aim 16,

wherein the 17.  The magnetic recording medium (20) of Claim 16, wherein the
magnetic regions (14a) correspond to a selected 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.



magneti c regions (14a) correspond to a selected pattern. 18. The magnetic
recordi ng medium (20,30) of daiml, wherein the non-nagnetic regions

(14b, 34b) are chemically ordered and the magnetic regions ard9 (AP%W?Q{EI |y
di sor der edwglB3ckhe magnetic recordi ng nedi um (20) of O gidpddzberein the
magneti c 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

recordi ng medium (20) of C aim 18, wherein the magnetic (14a) and

non- magneti c regi ong3 ( 14Dje of irtAsbstagnetiafibe { 1agoe o itbite22) whekin A magneti c
recordi ng rreaif'[oum (20, 30((3 conprising: a substrate (12); and a

bor on- i r r & AEFORBEHEGRS T ecording film (14, 30a) on the substrate (12),
wherein the film (144 30alh&iOARfddRes Adkndlié ivn p18!306Y SE1AiEOM, Wherehh, Fe, Co
and N alloys and includes magnetic regions (1l4a, 34a) and non-nmagnetic

regi ons (herBagnehg filnp has begn jreadiafed byd} WPed nagnetic fil m (14, 30a) conpri si ng
magnetic regions (44a, : - f | : . wherein the
film (14, 30a) corrp%lél'seg‘fhfgle)rll0{:311 gﬁ%&;@?@%ﬁ% Q%%g%%&ﬂ@fﬁﬁl N all oys. 1
9 APR 200&heilr0@hG8B606reRETingS0R o83 5B netitJe@Blingmedibmn i rradi at ed nmagnetic

film(14,30a) of Caim?2 rein, . | 1.0 Ok Pt 24. The ion
i rradi at ed nagnet i c%'i I m‘gﬂe%}%é)g}nglgf’%g a%ct%mﬂgégi%ﬁﬁv%éna%%eg%eti c film
has been i(I4asdapindchobymdgnetiod 4b,24b) regiens] tha method dbmapadngmbiveting atfledsm

14, 30 f i 2 i .the film, j i fil f

(maner b paoSvome 500 i Wb SRR RGP B 1 26, S0
havi ng m%ﬁi%@en{iéa‘ﬂl&o&fe@édt | rﬁmshanmﬂﬁgﬁt_@uly@%sbﬂdﬁ&d?ﬂéf@éﬂag,%mrg%s, the net hod
CcO rirsin supj ectin al eas a ortion o e Im , a I ONn
ir ?gdi at i %deﬁjllsﬂ@é?g%tl%%é‘w a?delgqnowgglﬁfw M@ﬁﬁm Tl S ‘i?%hf“&al ly

ordered npfgidapbortisds EAByGaletidd Hbh Urdmhere JRtNral8ys. t hereby produci ng
the magnetic (1 4a, 34a) and non-nagneti c gl4b,34b {1,%%00{:% wherein the
@v ) 1a

film (14, 30a) conp?i-sesThgrmethedypf Qames, sderinghe PEgeNi  al | oys.
27. The n@ﬂgd of Caim26, wherein the film (14, 30a) conprises CrPt3.

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.



28. The nethod of C aim 26, wherein the ion irradiation is performed wth
ions selected fromHe, B, C, N, Ar, Ne, Kr and Xe ions. Eeé g@khzﬁb of
Claim 26, wherein the ion irradi ation is performed with B i on @

met hod of Woahkisskd Wherein the ion irradiation is provi dgeyyses/sddz@an ion

i npl ant ati on dosage of from 1013 to 1015 B ions per cnn2. 31. The net hod of
Claim?29, wherein the ion irradi ati onléas an ion inplantation energy of
from about 50 to about 500 keV. 32. The nethod of C aim 26, wherein the ion
irradiation is provided wth ion inplantation dosages of |ess than or

equal to 1015 ions per Cﬂﬁlet}ﬁ)aoffﬁlaﬂngﬁtrﬂmgdetiﬁﬁlﬁ(ahm)@&aviﬂ@ﬁfa@ﬁémd he ion

irradiatign i on n.en ess.than_or equ to 500
cov 54 e R R oBragntit (15 M feki G ng treHod S prsith SbieHE 2 esb i o i n
a selectg oﬁﬁhbﬁfﬂ%ﬁlﬁh(ﬂh@o&)'tdi@hﬁrlﬂatloﬁQOmfﬂﬁn tiaGn BddefFodoedt, Wherein
the film (14) |s deposited on a _substrate (12 36. The nethod of Caim

35, wher efegiqos of the (g@an)momz(cbggmqagy quﬁ’éqdrfﬁe}t?r}ﬂl toradhemicallsf ore t he ion

|rrad|at|91|g ddr A net hod of
maki ng A%rnete?gﬁfgf \9?0 %g\?l?gnlga gn ??éﬁ%ﬁ%éo%%ﬂ glﬁd non- magneti c
(14b, 34b) (IHegitbirsgionhe rret hod conprising subjecting at least a portion of
the film(14,30a) tg 1o i I I\N.arder to convert
regions of the fil m%( 14%5%%%%%@ %é%%%ﬁ e@ggo%%og' %S?S Ho a

chem cal Igdloyoﬁebaled@roadCrrMeFeatto antiNGradlbys. pr odum ng t he magneti c (14a, 34a)

and non-magnetic (J4b, gﬁ 333 The. th d %t wherein
the film (14, 30a) conpri Y eYVE%fF‘é‘ FYBH aloﬂ/ﬁsmﬁ‘é‘ ®do and N

al | oys. Sﬁiﬂmmemr‘iﬁipﬂ‘amhtioﬁd&agetm% 10Res H)‘ﬁBﬁdmpeﬂﬂn% rradiation is provided
with an ion inplantation_ dos f . fr 13 to 1015 B .ions er cn. 40.
The method of O ai riCs SRR o, bt B AgRgoR Ao

i npl ant athmaﬁmh@me@&’ofﬁeﬂmamgm&@o@osm. 500 keV.





