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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 nmagnetic properties of the
material. For exanple, regions of the filmnot exposed to the ion

i rradi at iwp od@sseke chemcally ordered and magnetic (ferr @cagrser/33s3or
ferrimagnetic) while regions exposed to the irradiation becone chenmically
di sordered and non-nmagnetic (paranmagnetiZ; antiferronmagnetic or 5

di amagnetic). Another possibility is that the chemcally ordered regions
are non- magnetic and the ion irradiated and chem cally di sordered regi ons

are magnet idisorded Glnsfomiionals® diBigdaehdi9eshetid prop@RRk of tietRiteds. Medi a, both
for disc-drive and probe storage typetoittgpl ications. In one enbodinent, the
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magnet i ¢ r exterds maybevsedingregnetic steggomsdiaApath Hierdissdrinet andfprotest@rgs ent
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d™Fon- magnetic regi ons, wherein the film conprises an

al l oy which has undemhgeneeibodiinds, @b filt iths sRicteiRdy deanpldiidlesn and a 20
resul tant magnetic transforpmation. Typical filnms include alloys selected

fromlcr, MueglomEgwitioaorgmagngticaegigns thegbeiyeeme TheoremagRAtictTASIOPY WEE Nt
invention i b deq. I@Si‘ FWT | k etic
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material, {h ?ﬁenﬁvlaaffeg%um fiatioraciens st £§-c regi ons. These

and other aspects of Afyphts 67 Bl pbdtHeAlERln  Id proGdBR oG APRGHERing T OM the
foll ow ng description. BRI EF DESCRI PTI ON OF THI':pDRAWN 30 Fig. is a

par tial | y seddiumatoroptsiog i swimtratesmdenriorciradatedohagnetiagrvotding filth om then a
substrate. substrate, wherein the film comprises magnetic regions and non-magnetic 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.



WO 03/ 036626 PCT/US02/33531 -3 Fig. 2 is a partially schematic sectional
isonetric view of a patterned nagnetic filmon a substrate in accordance
wi th an ewbodiosend of the present invention. The patternedTfisozsisac| udes

i sol ated nagnetic regions surrounded by non-magnetic regions. 5 Fig. 3 1is
an illustration of the surface of a maghetic filmshow ng individual

grains of the magnetic material separated by grain boundaries. Fig. 4 is an
illustration of the surface of a magnetic filmas shown in Fig. 3, after
the entire surface ofjgthR afgattiBiRach&RaR s%aﬁurﬁpis@ﬁeﬁr@wamfap@wbr@éd on. The
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remanence, 1r1%éfaﬂ5ﬁ“a’e5’cﬁleﬁp€%%rtﬂh@ of8 bEintaki¥s RSchemidall @isofter&d, nb@-n dose
density for a CPt3 | m subjected to boron ion irradiation. Fig. 10 shows

X-r &9 di ffmagnqtlgmegmst@twnet e wagnaticraraing trobyreby pasndicelly decopgledbak f or
sanpl es sgrﬁjaect;[ed to di fferent boron ion dose densities, before and after
irradiati B shows x- ray diffraction patterns at the CrPt3 (200)
f undanent al peak f OFigs sy @fcregthplect thd sirfacdiof b €rPimdgaetinfiinoaftatos e

densities, before and after irradiation, WO 03/036626 PCT/US02/ 33531
deposition and annealing, but before ion irradiation treatment.

Fig. 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 CrPt; 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 CrPt; (200) fundamental
peak for samples subjected to different boron ion dose densities, before and after

irradiation.



-4 DETAI LED DESCRI PTION I n accordance with the present invention, magnetic
films are produced wth magneti c and non-magnetic regions. lon irradiation
i s used twotisaswkoOrm a region of a filmfroman ordered PCTUSHUBIS3ILO a

di sordered structure. In one enbodinent, the 5 resultant disordered region
i's non-magnetic. In another enbodi nent,-4he irradiated disordered region
is magnetic. As used herein, the term"magnetic" neans ferromagnetic or
ferrimagnetic. The term "non-magnetic" neans paranmagneti c,
antiferromagnetic or di amagneDBTAIRED BESORIPTIDNIes weakl y nagneti c
materials. The filnms produced in 10 accordance with the present invention

include distinct nmagneidesrdafél WAB R edBNmvERBASHh i@ FIAB Sre pib@iced
non- magnetl C redgli ons nay have remanence, saturation noment or coercilvi ty
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mat esi al  arsulddnt ld®asderdd rogioh s déh-inagigicl &S andilrRnibodinicmpthe itmiataht ur ati on
nonent or coercivity properti.es of the nmagnetic material. As used herein,
the term " Sisgulersd re@ion dnagnetieni cal |y ordered crystal structure containing

at | east two el ement &, (e dhereif M) ABLE, ok SATMIGele A atoms are

arranged on one set atom c sites/sublattice an atons are arranged
on 20 a di féramaptetiee{Theterat ‘rwhanshnets’ mudsahtanaenetid) entifermmbgieticroder ed”

neans a chem cal | dj sordered crystal structure i jch di.fferent atom c
Coan oo or Smanstl, i A8LHEIGEs feite Magheatarpias, The R wpylceg it

subligt t i cegecofddhice with theSpr8sBRN Abntd OMBluaB Hishect neiddefd dgiohy BB hérit ed on the
atomc sites. For exanple, in disordered CPt3, the C and Pt sites may be

randonl y sulegnétiaregigns. olieoraprmagtictic regienscnay kaveiemanence satupgipnangraent 25 | n
one enbodi nent_ of..t ese i_nyv I . 1 On | 0l i I used to
pattern medi goelr%%f%y Er?)agr;t%dwﬁ%ca ﬁlgff ?tggésg?glﬁ&c?s l%sg?ri;%%iﬁ%%gﬁ%ﬁé& g%‘#ljae?ned non-
magneti ¢ MafoBidn@br ¢tRtdidty propertisasiihe magastid m@esalh aypialty tthe patdneticegd
protective coatings or non-contact shadow masks. These patterns are useful
for bit - pafdteiaHen MOmEhet GOerd EboPaPFycheldne nermagneticyaatedah Ase pideasér QEd

13, 001 1015y I S e e ep i gyt o

- magnetic material.

As used herein, the term “ordered” means a chemically ordered crystal
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 CrPts, the Cr and Pt sites may
be randomly substituted to form an fce 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



substrate 12 and a magnetic film 14. The substrate 12 may conprise silicon
nitride WO 03/036626 PCT/ US02/ 33531 -5 coated silicon, alum na, nmagnesi um
oxi de, glwesmsecamy ot her suitable material. The nagneti @Cfriusn/izs3my
conprise a netal alloy such as Cr-containing alloys, M- containing alloys,
Fe- cont ai ning al |l oys, Co-containing alldys, N -containing alloys or the
like. The nmetal alloy of the magnetic film 14 may conprise specific ordered
5 conpositions or internetallics. Suitable Cr-containing alloys for the
magnet i ¢ f icbated dilinmy alundhd)deaghtsivarudide; gRss @ dng wileg swickbid motesial. Ale exanpl e,
a O-Pt alloy may_conprise CrPt3, which my be converted frqom an ordered
magnet i ¢ mEARFL filfy By SO BRI A allpyeiiet e Crfeptaining allggeion
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magngt o-crfig BPYIHONS O% egie a&iﬁgﬁ'of up to 8x106 erg/cc and a Curie
tenperature of about sgiffe Cﬂ:hbh&ainﬁi%%‘ﬂ@@fddh&hd@eﬁé fEnAU3nbpiuae ol Yy
ani sotropic magnetic material, while the disordered phase Is non-nmagnetic.
| n accor dafedonpd plleying Bldiians diFpeeranale, aHa-Pradlop mayi cowwnise 6nPtsi whigh Cr Pt 3
film a magpeti ik | t £, ar t he

non- magnet R e eshYART bt LR i BRAGH:CLol X SSeRNBTRfeAT” o
exanpl e, usiangial Gporkiey idddidtvms OudefedCrin$as thendh foc-ddiVatiterégs®l ftmictuz®0 nm
thick filnms. Mgnetically isolated grains and/or patternped structures nmay
t hug Ybe p%%ﬁe_g%gnﬁg}c ffjs‘ﬁymigrla%ﬁ atligdersdh (EFtriipean f@?ﬂss%%wstgkﬁnpawe for
magnet i c T eeOidoinARAPRLHERIIARS: AR GlRBNTBIISIAL] ) dHale i madRblier

grains requires a transition to hi"gher anisotfopy materials. houg

i rradi ati omaghet@ Witl3a largemagretprivstalidejanitotopy beup tocxdDherg/cCrapd 3 Gusieon! y

one nenber of a .generjc f erials tha hi.bi §. at om c. order -
i sor der - pRtePERErbiuabOT s Shtindiy HeR PG haiells SiPFobic

non- magnet hiagh&tic MhteRalZRhitetheaisokdcrb® phidse b nodRhdiRFic S HEALcORIaBEd With kS
(Cr,Mn)Pt3, which ngé/ be converted froman ordered nagnetic material to a

di sdPder edembadimeghedthe Piesend inventiopdn aiCoRtiflmasmagndie ranaigionifom Wet eri al i s
the MAL( ﬁ{arg)ié PJ‘&ﬁﬁed é‘%ﬂsg B HMOB-%‘?E@%M@ pfs&%e{eﬁgﬁ{h&%%? B'ee{nﬁﬁgedf%%% | ©
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for the nm thick films. Magnetically isolated grains and/or patterned structures may thus be
produced by ion irradiation. This makes CrPt; highly suitable for magnetic recording
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.



30 magnetic film 14 may conprise Pt or Pd. Particularly suitable
Fe-containing alloys include FePt3 and FeAl, which may be converted from
an or der eaorom3geagneti c material to a di sordered magneti ®CRALSe2/33B1 upon
ion irradiation. WO 03/036626 PCT/US02/33531 -6 Any desired thickness of
the magnetic film 14 naybe used. For exefple, a thickness of from about 2
to about 2,000 nrn may be suitable. For magnetic recording nedia, a

t hi ckness of from about 5 to about 200 nm rmay be used, for exanple, from

about 10 to about 50 AvW debirddickBENIaN it thhddBid 4ilay ns wanes] Fedexampldle
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magnetic regions 14a have not been subjected to ion irradiation. Alternatively, some

types of materials may be converted from non-magnetic to magnetic when they 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



size may be produced. For exanple, the regions 14a shown in Fig. 2 may have
dianeters of fromabout 1 nmto about 100 nmor nore. 30 In addition to
the pattewooghssses in Fig. 2, the present nethod maybe use@CTius01/33561 any

ot her desired pattern. For exanple, isolated nagnetic regions may be
formed. As further exanples, isolated or7econnected non-nagnetic regi ons nay
be WD 03/ 036626 PCT/ US02/ 33531 -7 fornmed. Magnetic recording nedia for
conput er disc drive systens maybe fornmed into bit patterns and/or servo

patterns sysieds MaREE rébordiexaeeindbr @nsiferdidcirbayitenOmay Ok feredrinto
pat ches, stragght or circular magnetic and ngon-magnetic strips, patterns
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havi ng i nplekaaplepinsa palycragtdlling filvh of GrR$atheqmaigiboiredarnardas mey he vwire

information lifetine.. Fi.gs.,.3 and 4. il|ustrate..an ex | e, of _an [,on
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i nvention. diregt mdgrietit esEHaniEisetivber SliddeBCEaind S ibfagndiBgevRidifig e, 86s Ravi ng
grains 34 separated by grain boundaries. The entire surface of the nmagnetic
fi1mM030 shewmitical margmeter daigrmining thejraegnstic ekysiepsize adthe sharpeess af eder to
produce a gagneti.c 4 i i i i ghetic
grains 34a se§a¢%§ %fghgfg%ﬁ%%%ﬂg%ﬂ% é‘gubgsnfs"%&‘z’fﬁ% poagngdlfg%ﬁgi?t?er%a Iation,

t he regi onardvinml ifoomaiondifstoneler ed and non- magnetic. The irradi ated

materi al thus includ i sol ated magnetic 2 ai.ns, 34a separated by

di sor der ed non-nagneﬁ$$*§6ﬂ é&%ﬁ“@%ﬁméﬁ§“§%H%£WH%“§T EmSPPFN@?”Hagnetic
grains 34a depeis WwiPisddbodlindd of ierbddhfinOéntioR® FIRGNREd fatds thdhidfide Can be
controll ed as desired. For exanple, average grain sizes of fromabout 1 nm

to alfout 10 anmagnetic fitm 80 hayingerapnscducparateld byagaio baunetien The entise préasent
o, (KOG ARG Trhod 50 e SRR LR b
produce a magnetic film 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



One advantage of B+ ions is that they have a | ow nass and their
inplantation results in |ocal damage only. Another advantage of B+ ions is
t hat t heiworogloatseerel y snmal |l size nmeans that any remai ni n@Cirntse?/s¥sst i al
ions will not disturb the properties of the material significantly. 30
Suitable ion inplantation energies may t&nge from about 1 to about 2,000
keV, typically fromabout 10 to about 1,000 keV, depending upon the ion
speci es used. For exanple, a B+ ion inplantation energy of from about 50
to about 5@@itdedforaiankap)MRaBdhd)I6H AapRAThibISARdgaaBRAy range Suit atobeld'bto many
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vacuum condi tions. A sputtering pressure of 10 niforr was used and the base
pressure was al ways | ess than 8x10-7 Bxampless 100 Wsputtering power was
used for both targets. Changing the sputtering tine varied the film

thi ckness. Filnms weiGy/Pdopdisiayesdhiadilais vearssnuittarddpasitadsiresn twp elemental | with a

total of 20 bilayer e.overall .15 filmthic S_was_set 200 nm
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ex-situ i d-40 system upler highwapre eondiions. 4 snyttedngpregsurepikl mlorevast 8s0cC.

The anneal 'lugﬁsq z{rﬁ%ﬁtgéB%e pk%&lﬁe%&a@%l\ﬁa}jemgsggh rgiﬁgeetoﬁa%%évvég&%ﬁ%lgﬁg‘g&g if c)

CPt3 thin Vi ng struc ased on stoppl ng an ion
in matter @I o bulhatrgens ChBrigingtir spatterdP(irkevarivdrtbe filp ddckness. drilmhdhe

f i ti Pt3 fil in.d i bet. 0 d 1016 B+/ )
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2.5 nm and 7.5 nm for Cr and Pt, respectively. These as-deposited films are non-

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 CrPt; film in doses ranging between 10"
and 10'¢ B*/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 L1, 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



diffraction (XRD) configurations were used to investigate the structure and
ordering 25 degree of the annealed nultilayer filnms. XRD was perfornmed with
a Phil i psws op@sd626 Syst em usi ng Cu-Ka radiation. Fig. 5 isPaTaiSan3ssew

m crograph and Fig. 6 is a TEMelectron diffraction pattern of a sanple,
after annealing, but without any ion irtdiation treatment. The film is
(111) textured and consists primarily of the atomcally ordered L12 CrPt3
phase, with 30 an average grain diameter of approximately 25 nm XRD

resul ts comdrhiiftléritengstingiaepehelinginef fot-deoaitrddlCrPG. PILR ftvaseictnd Visibre or der
paranmeter of approximately 0.8, with the WO 03/036626 PCT/US02/ 33531 -9
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(111) ful | pesaldwidtiss asievfas ki mum (FWHVM) peak widths as lowas 1.8. 5 SRIM

sinmul ations were perforned to select an.ion species .and inplgntation
energy based on the §§§]|Uf u%@ﬁ%%W&ﬁH?#OBB?ﬂ‘HSFﬁPMBSR‘?ﬁI?S k CrPt3

films. The jfehMlakion fer 6§s%d%ﬁltﬁé&he_%,‘iria@P&;ehﬁﬁof@eptﬁnté\bmﬁn%ick@ﬂ)@ peci es
are shown in"Fig. 7. t hough a filmthickness of from 150 to 200 nmis

shown i n Fifigms.7 Thotdselts aftheseralsulationniey HeeBuNand A¢ ieresneeich 6t howniindied y. 10

Boron ions . wth an i ntation er .keV . .
oopr oxi ot - e » ER ORI ERCROR 6 S0P HR st Biea Eli el fiflf Hhidhdls
nom nal |y mfesdisedhs sabibedisprédoasigubj ected to B+ ion inplantation at

varyi ng doses as shown in Table 1, while a reference sanple was |eft
unexifosed to ions. Tasrenipns yithga implmitionenersy phaUYkeY Fsre sSlfRdss anp+ @

200 keV) 2 3 4 | - AR 10 Mman 014 1x1015
w1015 L1080 hifinfintantrl neRERid prBtegllne colbhc e S Mmool o
of Tabl e 1 idsiticelaampkd wene subjetpded B dpt inplbntiier atlvaoeg dosek gnsitoma in
properties iveq.fromthe VSM. hys esis | s, coercivity (H),
saturation ﬂggﬁeﬂq&lﬁﬁrgﬁ?e@ﬁf?m’éﬂa“?‘laéﬁr%mwposﬁgg‘ﬁﬁn?zati on (M) are shown
versus ion-dose density in Fig. 9. It pid1be appreciated 20 that the
initial set of points plotted in Fig. 9 at 1011 are actually those sanples

t hatlshave Ion Implantation Dosages for Samples (B" @ 200 keV)
Wafer # 0 1 2 3 4 5 6
Density (B*/cm?) - 1x10" | 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 H,p = 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 20/0 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
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m ni mal i nRa@plestpon t he fundarrent al fcc structure of the CrPt3 sanples. 10
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I nvention

_)

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



above for purposes of illustration, it will be evident to those skilled in
the art that nunmerous variations of the details of the present invention
maybe nmadwowsobwaé departing fromthe invention as defi n@edTiusor/bas3nppended
claims. 25 WD 03/036626 PCT/US02/33531 -11- WHAT IS CLAIMED IS: 1. A
magnetic recordi ng medi um (20, 30) comptising: a substrate (12); and an ion
irradi ated magnetic recording film (14,30a) on the substrate (12), wherein
the film (14, 30a) conprises an alloy selected fromCr, M, Fe and N

al l oys and i ncludes magnetic regions (14a,34a) and non-nmagnetic regions
(14b,34b%§ 2. The n%gnetic recordi ng medium (20,30) of Caim1, wherein the
film (14, Hé¥1§6ﬂﬁ$i ERIg: o alloy. 3. The magnetic recordi ng nmedi um

(20,30) of Claim2; V\hegﬁelln?%éﬁg(sgc%?l %Miuﬁg@%ozrgé?lﬁﬁ?iﬁ%d/or Pd. 4. The

magneti c recordi ng nmedi um arm al | oy conpri ses
CrPt3. 5. The nmgnetic necbstdian@2)yedd um (20, 30) of Claim4, wherein the

alloy further conprises Mi. 6. The magnetic recogrdi di um (20, 30) of
Caim1, wherein the fF@F Fﬂrklir&‘fhﬁffgi)mi%‘ﬁ%ﬂeg%@“ég@ﬂ‘@%?@) OW{H&F%@_%%H c
recor di ngi 2yeehétB (ROFRAY1 0805 comBiSos aﬁ@ﬁBﬁé&e&é}?ﬁoMg@MﬁFeﬁmf' ses MAl

(err)-phase. 8. The magnetic recording nedium (20,30) of Caim1l, wherein
the fil @llgyssanddecfudes mpsnsidsregipnsél 4 3de)andnonfihegnetigmegions (16,34 ng medi um

(20,30 o, Cralm O, Whehg i 5, B e GRS 393 S3EREL SRS - 10
(14, 30a) fiag148®) compaicdsal €dallyy. | ons sel ected fromHe, B, C, N, Ar, Ne, Kr
? Rg Xe ions. 1l -?I:-h © nﬁfgg ?rgaigﬁetgcer(égorrgiinrg]%eré?l?ril %%,g(%odf%qgimoi wcflle?ei:irT th]é’ wherein
Cr alloy comprises Pt and/or Pd.
4, The magnetic recording medium (20,30) of Claim 2, wherein the
alloy comprises 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 t-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) has been irradiated by B ions. 12. The magnetic recordi ng

medi um (20, 30) of Caiml, wherein the non-magnetic regions (14b, 34b) are
chem cal I'wodBssdaer ed and the magnetic regi ons (14a, 34a) parasohssscal |y
ordered. WD 03/036626 PCT/US02/33531 -12 13. The magnetic recordi ng nedi um
(20,30) of Claim12, wherein the nonldagnetic regions (14b, 34b) correspond
to ion irradiated portions of the film (14,30a). 14. The magnetic

recordi ng medi um (20) of Claim 13, wherein the non-magnetic regions (14b)
correspond to a selldct edheathdgartic retdrdinpheediagr(20,50) sfaClaing il igvireesh tina ( 30) of

Claim 13, wherein the - netic regi.ons (34b) correspond to grain
boundar y "PEEASAEIGERER0S R?‘ﬁ%@gf%espa?&%r@n Crﬁquz)te%Pmi“H%S ?ﬁﬁﬁgh&& The
nmagneti ¢ ((£sgy)di ng medi um (20) of Caim 12, wherein the nagnetic regions
(14a) correspond to portions of the film (14) that were not subjected to

ion irradiation. 1%4. Th&hempestticrecerdimgdnedjumed0)uof laid) 1 Hiwheran thel6,

wherein the netic regi,Qns (l4a), corre nd to a selected pattern. 18.
The nagnélf){l'(rzna%gg%?{ﬁghoélsﬁ‘gﬁﬁﬁﬂv%sfﬁ?%tﬁaﬁec%%?ﬁagt\e]f' wherein the non-nagnetic
regi ons (14b, 34b) ase cl@wingankic REsEngineditnt(Be) Mgt 13 wikgliftfe are

chem cal ly disordered. 19. The nmagnetic recordi ng nedium (20) of C aim 18,
wher ei n RE-MagAgtieIegions §3t) serrespand tocgspindoyadaty tegiousrbetweerdnagnetc por t i ons

of the filmJ & non- magnetic regions (14b) correspond to portions
of the figi{m ((Jﬁ%) thaft:hv\ﬁg're not subjected to ion irradiation. 20. The

magneti ¢ recordi ng 16edi dihem2@netdd reCbrding d&livmi{20)e0 fiClaine 12, vagredt the (1 4a)
and non-nmagnetic reqi 1 4b) . correspo to a selected pattern. 21. A
magneti c™ ﬁ}%eﬁ@ngéﬁ]aa ﬁ‘glfef@o%‘b‘)o RO iog ST‘?g{'.ﬁm Q4§g’&§WF’éﬁ tpubjsctedioy a

bor on-i r afir@tiRdonpgneti c recording film (14,30a) on the substrate (12),

wherein the film (14, 30@1) conprises an alloy selected fromOCr, M, Fe,
17. he 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.



Co and Ni alloys and includes magnetic regions (14a,34a) and non-magnetic
regions (14b,34b). 22. An ion irradi ated nagnetic film (14, 30a) conprising
magnet i ¢ woagioadee ( 14a, 34a) and non-magneti c regi ons (14bp8fh)Sp2/sdser ei n t he
film(14,30a) conprises an alloy selected fromCr, M1, Fe and N all oys.
WD 03/ 036626 PCT/ US02/33531 -13 23.-The ion irradiated nmagnetic film
(14,30a) of daim22, wherein the alloy conprises CrPt3. 24. The ion
irradi ated magnetic film (14,30a) of Caim22, wherein the nagnetic film
has been irradi at ed3by Bhednsirradiated thagnietd film (543 6H) of Can@rdt ivbefeid m
(14,30a) of Claim?22, wherein the filmconprises a recording filmof a
magnet i ¢ theadloy gpmprisesi i 26. A method of making a magnetic film (14, 30a)
having magnetic (34a, 34g} iaNg AR RAIREE ﬁyﬁ%ﬁi}s@f}%& £ PNShetelf met hod
conprising subjecting at | east a portion of thé fiim(14,30a) to ion

i rradi at tlemagnetic diém Has beomiviediateddyiBionsof the film froma chenmically

ordered material tq_a chem.cally. di.sorder.e i al her.gb r oduci ng
the magnetic (14a, gﬁa) 1%‘:‘?—*‘% éf“i‘%leEl %Bn”g%baﬁl%%@zm&?‘%ﬂfh the film
(14, 30a) ie0nMR & 's’é@a%do?dﬁn%ﬁhﬁ@f@ﬁma &8 febordMg méBuand N al l oys. 27. The
met hod of Claim 26, wherein the film (14, 30a) COQEA{I ses COPt3. 28. The

i(&%,

met hod of O ai m 26 26whereinsthodef mekingrarmagngtic ditmi(t4,ped) hevineagiptih i ons

sel ected B, C, . r.an i . The. Claim

56 “whor G4 LB Fon-Paghiictian iy lioR eXReth QP Som@Ring Ui ZBROBHIRL B 5

of O ai maBrtiontvehtied filrh (164, 3 @) td foh attadisti Ninicsdgrte vordeet regibiidofahe fibn

i npl antation dosage.  of from 1013 to 1015 B i.ons pgr cnk. 31.. The met hod of

d ai m 29 fopherlsmicalheordgredimatenal 1a 3 eheongallydiserdered mattrabthe e ®h ener gy of

from abo . > T i ity the ion
ﬁodﬁgln%glg%}&:ag%%é%él%ﬁ%l) glzd?{lon Fl%ﬁl?&fcwgb 9&?%%[5)5@6?@1'&6%@{@%1&

irradiatron 1s np ation ‘dosag ess than or
equal to(l]ét)i(ﬁt)icomprip@srancﬂﬂ@ys&actedrﬁemr@x Mg Fefan@Naialo®6, wherein the ion

Irradiation has an 2L79n The method of Claim 26, wherein the film (14,30a) comprises

CrPts.

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" ions 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.



i npl antation energy of |less than or equal to 500 keV. 34. The nethod of
Claim 26, wherein the ion irradiation is applied in a selected pattern on
the fil mwo4p03esd26 The nethod of Cl aim 26, wherein the fi lPET(UB4)/33531
deposited on a substrate (12). 36. The nethod of C aim 35, wherein the
deposited film (14) is thennally tredted before the ion irradiation. WO
03/ 036626 PCT/ US02/33531 -14 37. A nethod of nmeking a nmagnetic film

(14, 30a) having nagnetic (14a, 34a) and non-nagnetic (14b, 34b) regions, the
met hod conpri sing 8ubj emtlmemo@bfﬂnemgalﬁag@eﬁ& ﬁﬁﬂ(pffﬁ(labma\fihgmagﬂéi%&Oﬁ) 1EOI
ion irradiation conprising B ions in order to convert., regions of the film
( 14, 30a) (UrpgAPAndRgR-Rag) céméﬂibrwrm 3|m€tﬂaf>da00émmﬁrtsawgvcﬁ@ aldeaskr ed

mat eri al i nef | a: ) - iC

(14t sap] POARRERIPAREHNE) ki6n TN ColufBimd HrionSHoIPROTBANEE | © o)
conpr i sersgims ofitHed§lns EdSdap ftomracineicallylorddred m@eriahtd aNhemidatlys. 39. The

nmet hod of. Cl.aim 37, . rein the ion irradi.ati j ovided wmth an ion
ol ot Sgieg Rl e e e ages b s e femesnetio e mat hod
of d ai nqlaﬁga,wl%rggjﬂg. the ion irradiation has an ion inplantation energy of

from about 50 to about 500 keV.
38.  The method of Claim 37, wherein the film (14,30a) 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.



