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“AND. METI i OD FOR FABRI CATI NG A MAGNETI C RECORDI NG MEDI UM PCT/ GB01/ 0244 '
*.This i nveMQ UP%Y ates generally to magnetic recordi ng medP&T/CYH4For e
particularly to patterned magnetic recoridi ng disks with discrete magnetic

regi ons. Conventional nmagnetic recording nedia, such as the ma i -
recording disks in hard disk drives, typically use a granul ar immmlwmnmwl|l""““|||
ferromagnetic | ayer, such as a sputter-deposited cobalt-platinum

al l oy, as the recordi NQMARETTARECRRATNAGIEON D YBHEPNF?H t he rragne't‘ﬁ%lf“*
layer is conprised of masgrse@izve RgACKET cORBEOXDING hEDE®ANSI i ONS bet ween
.magnetized domains represent the "bits" of the recorded data. 2BMs US
patents 4,789,598 and 5, 523,173 describe this type of conventignal rigid 15
magneti c recorBtifginyekion TelqtRs SPRAURE HY & OMeHTGAE TSI ERG PIBusr anul ar
fi§ne as magneitttcobdily v Ipatgrmmedwiddnet i derecpedidat dieks dvitihgiiscrareal

‘st orage dﬁ&gug%gﬁg@ci ng the size of the magnetic bits while nmaintaining
a satisfactory 20 Signal-to-noise ratio, for exanple, requires decreasing
the size of the grains. Unfortunately, signjficantly reducing the size of
weakl y magnet i EaveptEdapl Wﬁﬁ%éﬁ%r@“&i iR | fuckak® ARSI REGNet i zat i on
unst abl e adcaratmmldieperiat hagl tbskperivas, esypifelppstponaremeagrrival of this
f%da_m??t @érﬁbﬁﬁwt@ar%mgneéuk{afaé aMguraed- dpoavedd cobherptithhincubbbes 25 .
associ at ed, .wi ext endi ng.cont i huous qr r e . [ enewe
i nt er est glnloﬁ'at_ ?_sé;gﬁ‘g .er?é)g%lelﬁ t(‘:Eér}g1 |'a.%ﬁ§?ﬁ%gqi§f ?,%eﬁgngamgr%gd%g,tgtg ﬁg@’régﬁﬁ nuous
granul ar mefTetf CHPFHiachat ™eBY T8t HPSARsHE SEBSHS-at BPS STHEIFERTEIP DY e 5h
array of spatdtakéd doeparsateadedentditber Bligstragnebe crecepdagndatay: | EHMARDE each
of which. ,8€5NESs 3BoAs S0 BPE &, BBYNEEI Geddiribe Thes PHigEBEY BRRMRAGKRIS 8Lgid
prlgduci ng patterned nedia,has been the use of Iithographic processes to

sé

ecti ve‘“ygncfeﬁgsl i oor renpve" magnetic material froma magnetic |ayer on

the substrate so that magnetic regions are isolated fromone another and
surrounded by &heashapiedfs abmragerdingccopifieneud grExadaplidsdmefasprrarer hed
magneti ¢ pedh 2 wiRd eyl t i thhase ttape sowfrd hidagr aphilcspineageszaesidee.

describedpLg, W5 iRALEM S50 RBlad®di c HifE8mPAR ADGha: B8R0, £6%¢ i FHRMA,
manuf act uri n persrﬁjectl ve, a‘r} undxe%l éablrg3 aslpeescéec(}l‘e tpne @0 nrocess feor
p&Ct er ni n@l?fga&l ECTIRACS rETAPr €87t HE"BEPOSTEN BT of *TERDVE 0 AT &Fi &1 s
that it regeinres Poicehviakly. diigrifdcpyeYpretedss igiewrtde Phevepitthet i ¢ nedi a
in place. MRgOOASSERy kogpliedethdnexid heabif @dll weke etteval meghetization

unstable at normal operating temperatures. To postpone the arrival of

this fundamental “superparamagnetic” limit and to avert other difficulties

25 T associated with extending continuous granular media, there has been

renewed interest in patterned magnetic media..

- With patterned media, the continuous granular magnetic film that
covers the digk substrate is replaced by an array of spatially separated

30 discrete magnetic regions or islands, each of which serves as a single
magnetic bit. The primary approach for producing patterned media has been
the use of lithographic processes to selectively deposit or remove
magnetic material from a magnetic layer on the subétrate g0 that magnetic
regions are isolated from one another and surrounded by areas of

35 nonmagnetic material. Examples of patterned magnetic media made with
these types of lithographic processes are described in
U.S. Patents 5,587,223; 5,768,075 and 5,820,769.

From a manufacturing perspective, an undesirable aspect of the
40 process for patterning media that requires the deposition or removal of
material is that it requires potentially disruptive processing with the

magnetic media in place. Processes required for the effective removal of
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3 NOV 2004 WO 01/99100 PCT/ (B01/ 02445 2 resists and for the Lﬁrr\t@\f
lift-off of fine nmetal features over |arge areas can damage t teZDQIll'

' left behi erefore | ower production yields. Also, ”chl? es
nmust Ieav%@%’#’@ce that is clean enough so that the magneti G&gz@?wri te
‘head supported on the air-bearing slider25 of the disk drive can fly over

the disk surface at very low flying heights, typically below 30 manoneters
(nm. An ion-irradiation patterning technique that avoids the selective

deposition or renoval of nagnetjc erjal ut use speci al _type of 10
per pendi ctfsstRedffetPt Mech 'ahif r}g%f:é?gfi gt é‘&r'f'%teag 'g'ilat%ﬁﬁf)poé'ff i(g""trgﬁl ,in
"Pl anar patdser ned dmmgaetihe mggrialbBeat medipy angntharecdeiatlicver progieier,

VO: . I280, yﬂegldéun%lhjs%QSthe_{;BhpzﬂoQ_&_Qse_Jagaast |]J&afr§1ia§|stxﬁﬁldéi ke E’fs-ﬁ&ai?ltgnough

mul til ayer ndw.,.c : r .QC \

ani sotr op§'/° }%gg},\%k%eaﬁ\%#gg&%ﬁ (%é%%in% ? %Jg%&gﬁ%‘ﬁe?t %%rgg% l:}c%%(%iba%ltqgf ﬁed 15
meBk. The®f dihe Aisk CREVEFANd YPPVS Ghe Hs%t AT IPE§ett MRt erricE8Ad reori ent

t he easy hxightef tmgrellydtion3tocmdmemerensl dme) .so that the irradiated
regions no | onger have perpendi cul ar magnetocrystalline ani sotropy. 20

| BM s pendi ng_appl i,catloh pell %![attl_\&'néggl é’é%%:ﬁ 2 thdd G0l ¥ndsel8dhve

describes an ion-17radi ated patterne i sk that uses a continuous nmagnetic
filmof a‘tPRSHCEa?|SF SPERPECICTERT i TPt PPbr 958) 2 ARGV WHRe £
t @0 r agonabexpersitiahldimeastatdctugrerdifizemedies talfeecdibedr derdhagrdnt ehealfii Em

andf produes) L1684 pRScdel hRghéd i ltrh@diaael@cdia% QReL6h \mr&ydicartiailezgg%ii%md,y 25
"soft" an ave .no net ystalline.an sotr t ,al . disadvant age
of the Chgf){"e.rzt et At gn%%FBl\ﬂpl'o#l:}r %g%il'at Féla _paFtéérc%gé% EESCC} Ig§t hat the
regi ons sBpAFHEYAY THEVEFRSEr BHEPNBPHELF PIEEROITLRY REBAC AN Ar e not
conpl et el ynhosregnedec irmdiaddl stih lichavehrooge sndgrietrepipicaply tHagsertRdus
the rmgnetnglgﬁ.s! &hevg?rfsea@lx Eﬁ@d:d Bnd e disks elé i8R Weidr gﬁié&%cm!ase Snd/ or
sone type_of _sign romthese re ti,or ese rradi ation
t echni que%fe?’éjq?tﬂqr gﬁ‘f heé_fls saemeOfamﬁ%lé%qt%ﬁtéjlfoqﬁ g &!ef ??E%]a%l t%o F%ﬁ?i%‘gt e because
t he hol es iFRed¥pdAusIoisre PsboPaes BitePETRETEOTHES pBIFIE R G AR EgREL i ¢

regi ons omnibetmipgk, whereas it 35 is desirable to use a mask that has the
sanme hole pattern as the resulting magnetic bits on the disk. The present

i gyention seeks 0. NIV e B paltesned MeoRet i 6 Ae6 NI neiidisskalhat has,

di screte ITB.%I’]EII C regjons sggatr %t ed b%_ c‘gr’%g‘tl Et%}é 40e nonrr%%ngél C Ir“e%g%gs SO
that only SERETTREGNBE i °% &4i0HR CoRE T BAES 16 t HE *r BHF &i G " ad ™24 s
made by afpanted i apenisehhi-gudenmdefe (CHeFearagrd Pt3 (Np\PAR ML OWOY - 99100

PCT/ GBA / @24rhgchapatiwtal Dinehstaetidd .Chese tidas palukerdisotddiiagr 2 enavgnet i c
regions of  kheroflicgkred: ACGAr NG 10 @afi L3 185RREL RS el NG REGSRNLa11y

i nyention t h@ﬁg i §Ti§ Provi dedeéi rragg%{)llic r--%ggggll ng nedi um conprising:. a
sdBstrate; "8 radhst FET 87 el*9BR-IHe StFat e *and T  conmprising a first
ferromagnetic film a second ferromagnetic film and a nonferronagnetic
filmbetween the tokestiaandi sdeondotest ghagiiebpertf ieknsl. andl M8Merei n t he

magneti c | @yetrimipabd aReeneRt Dikkl 54 thegi@RSradibhs tBatidist andaseaand
ferr Onagnen;[a'ig%e’HJ r%%gpngxsngrom one another are not completely nonmagnetic, but
30 still have some magnetic properties. Thus the magnetoresistive read head
in the disk drive will detect noise and/or some type of signal f£rom these
regions. In addition, these ion irradiation techniques require the use of
a mask that is difficult to fabricate because the holes in the mask are
used to generate corresponding nonmagnetic regions on the disk, whereas it
35 is desirable to use a mask that has the same hole pattern as the resulting

magnetic bits on the disk.

The present invention seeks to provide a patterned magnetic
recording disk that has discrete magnetic regions separated by completely
40 nonmagnetic regions so that only the magnetic regions contribute to the
read signal, and that is made by a patterning technique where the mask



10 antiferromagnetically coupled across the nonferronagnetic ff-lgnN@vj 2004
" second regions with the first and second ferromagnetic filns being

. ferromagn®Q 8HPIY0 coupl ed. Preferably, the first ferronagné‘ﬁr(ﬁﬂqlmﬁﬁSn t he
first regions has a 15 thickness tl and 4 magneti zation ML, the second
ferromagnetic filmin the first regions has a thickness t2 and a

magneti zation M2, and wherein the magnetic nonent per unit area (M2 x t2)
is greater than the magnetic noment per unit area (ML x tl), whereby the
magnet i ¢ pawlednf pHrhofl he rakelds Ehgirehternsobgyenrets Myonesio regians of the

pr edet er ngpgd di stance above the magnetic 20 | ayer. The first and second
Jferromagnetic filnms may be forned of substantially the same material, and
t2 may be greater than tl. The nonferro netic, fi be fornmed of a
material sel ecSAC¥H B thé ﬁ’rrﬁﬁpa’??&ﬁglqﬁmﬂﬁ SRSt ﬁEYﬁnﬁ%/ﬁ"E R&FTe cHy omi um
(Cs), rhodievideRhy magBetid deeandtsy pedbwpperryi€ing: aneiksherte ak| magmetihe
first andigpaone fi LaPRgaet imafl tdnpeismy beriraderdtomadit & iralmsel eetqth

fromthe grolRCONSISLLNg Bl PnofithMagnBll ENS held ) Bne HEL] !

ferromagne?l & Fir i m may ude an interface Ti consi sting essenti al | y

of cobal t SpeRng é&rﬁmaﬁﬁ%tﬁcnfﬁr"ﬁsacaé‘do’f’hﬁlﬁénf‘il’iesf‘a?’@ti*%r}ﬁ‘éjﬁ‘ét’lscpﬁqwaﬂd t he
spacer fi Ento Hhesseacgidnd edtlomagnetrst dnd peeray Fewgloueneanc | fites fladogf i I m

capsi st i Ngneseatbhaddat10f11608ach <4 Qeabad tat ﬁoheeiﬂ&nagﬁ&q_e of1ud, hens @eodKch 35
ferromagnetlc fd L man ‘riiletﬂe.csx?p&%e ec%)'nLIrQe %Qﬁa Sf‘téi?cm%%gﬂf may have a

nonf err omag gretic underlayer oca on t rate ween the substrate
and t he n&@ﬁﬁ?‘i‘a@nﬁl’y@r‘l Y‘ﬁ?é‘PWf]gnetl ¢ nmedi um may al so have a protective
overcoat forned over the 40 magnetic |ayer. 3 NOV 2004 . WO 01199100
PCT/ GBO1/ 02445 phehe£Mi¢H, Nthel Oi:btSLaGBHaRPLEEi0h fhenpriagehtrdsiyeNthase

t Q%r e is pLowdaed & %tthQnaE%tlePIdnCﬁi ' 'Eﬂe ase%k& E‘fre%gna@ﬁ%‘:‘?é 'f?cld% 8GOEAL Ng

|umcorrpr|3|n% rovn g%glisus rate; osi tin g Flstratea
first ferrféﬁﬁbnxéet o F’lar“n FepoEIet ntﬁ B t‘i‘h@al NeF Rt Prrgr‘raé’ﬁ%t &5F1 fa 5
nonf er r omagaeet s gpaesdr PEY [uriharengMd priédetecrered thirckheswmaaneid or med of
a mat eri almesmehe  deedudrtoardhemgroup) Cansiedlyi i abgiditbeniecum £43u) the FEosE um

(Cr), rhOflleg%(Bh)s eésrén@i&hmy(ééﬁo at@%pB?édng}Qmeén&sftgﬁéer aﬂlnLé)Béﬁe HeResid i ng
on the spagcer fil Jna.se gl err netl c he s cog drrgmagnetl o
£i1°m bei ng°&€XEhange EoupI € er réf?r‘ﬁa calliLms {87 t e "20"F Fst

ferr orragnéitulbét?‘i*qw&% téler Gl ‘E‘attﬂ“%lhea% éf@e‘f‘aﬂ F’Fnﬁ"lﬁéi;?r*g t§aﬁ1 disel ect ed

mat eri al and said thickness; and irradiating the ferromagnetic filns and

spacer filmw tfnd eaﬁgéiir&%tnedict_hmw@yaaepagin%rdnsﬂ dTRSteribhesd1@Bsed from
substanti aéheef,\g%ﬁ;r %Bﬁ%iwiﬁ&‘%fz&&%@ﬁi L) a”QhJo*{&%%? Yzig ?‘ch?@}dnf mﬁﬂ)‘%”&g”e“ ¢

coupl i ng bet err’oma ne reby the

fitst and SEEOHE P nsSBBEOME" 'eFP‘E)rﬁi‘@h%ﬁ &%'El 'y E‘EﬁJﬁFEEd: PR sehcamd
i on-irr adi ferednpgngitdastilng readi ka imade witt & vagesiaihselaghed fyant Brenedourask may

conpri se iddnadbiddngs vid, hré ORS, thBOLEAr 2a1palé er ned non-contact mask. 20
{rradiating wwth ions through a patterned mask may conpri se depositing a
| ayer of photoresist nmaterial on .th netlcfllm atterning the

phot or esi st | aygl?'e tféril%ffleﬁléomﬁlﬁ’é‘?ﬁlﬁ 11i““n Fheé PP drET P55 er and
i ri@di at i ePRshiet gy ReesE iR HmPhi hattoRscatiedorig e hentoptatiengs tihs 25rsthe
phot or esi stedrayegnethierBidmaiidnghaMsplicdronsinay conprise irradiating wth ions
sel ected fromthe group consisting of ions of N, He, Ar, Ne, Kr and Xe.
The second ferromagnetic f£ilm may include an interface film
consisting essentially of cobalt located at the interface of the second

35 ferromagnetic £ilm and the spacer f£ilm.

The magnetic medium may have a nonferromagnetic underlayer located
on the substrate between the substrate and the magnetic layer. The
magnetic medium may also have a protective overcoat formed over the

40 magnetic layer.



30 According to a third aspect of the present invention there is 30@}{“/0'2%# '
magneti c recordi ng di sk conprising: a substrate; a nonferromagnet’ :

" under | ayayo@i/shiee substrate; a nagnetic recording |ayer onpthgsBoidesdksayer

and conprising a first cobalt alloy ferromagnetic film a nonferromagnetic
spacer filmof a material selected from%he group 35 consisting of

rut henium (Ru), chromum (Cr), rhodium (Rh), iridium(lr), copper (Cu), and
their alloys formed on and in contact with the first ferromagnetic film

and a second 9\9@@4% na' L&xs E@ééﬁ”ﬁ%&%’tl &t etk f QeiBdiRRnaNh Itne:@%act wi th
the spacer film t etiLc record | a er dts)elnlgﬁtpattern intq.first

regi ons RREYE{A TH‘?tEBQ F F?lfrﬁlcﬁ%l’sn tPCRARES "8 S UFr FefEnt™Y & hdflice t he
second f epmpriEgnet inrotidimst o %@SéRﬁ%né@%Hw%@naﬁﬁ feepeiotragretiiEarly to
the firsteletd-RRBENEELIN S idefdHiAing Sort ke Sfiaeerfdrirbmagredisetianda r egi ons

uer ein LgeLlhla R cSERARY £ RIRGRCL ekl dhuneYQa16AG100a Fobla 2004

are not_antiferro netlcall , cCoup ere id second
regi ons Pf oﬁd‘&‘éeﬁlﬂaﬁﬁéﬁ‘:@dﬂ? nggrﬂrgﬁ%t ﬁte’d’gdl gt é“\gg%ma oV a)t 'he
magnet i ¢ chageiunt Kex) i ghodiswbéktant Leddipmgliedt epormsdin (THe medyveeie aierd from
said fir slepseHifgSon ahd RO VAN ¥ GeavRd Gt ofamebic @ilihehaaghnentic

recordi n%e%@é’r@a{gneélc-r %1»%1']5&%5 amh§ Q:gu%ferdr 9&@&&%&5&9%&%1% ttch%hgagnetl c

recordin é-%‘ %l Ierla The first
afd secorfd*FericgHE o fqll Ffsa f”‘ ’E?F'él ﬁa@% chl?aéé"fir qﬁ‘g Wefathy be made
of a mat eelaftsenettdlfaineehe tYiopscomidsLrrmpliotin, thFefeINPmawlﬁ hei r
10 al | oysilhbeadsl EfdcdreE i nMagaetions fdilraroda theclpst payteensmyabinclcude an
I nt effactei }'xlsl éﬂb%QQ:?&&ngdl%%ﬁsﬂfﬂgahw SQBC&OQ&% aln%CéE&%bét tﬁehe interface of

the firs erroma%? 31 r{% m, tée seco N

f er r omag MO ES N rbeftth%""r? é?glﬁﬁ‘é‘?e"ngg Er”ud%“ ﬁef‘?ﬁ F?‘%Fc"é‘a?‘ﬁ th

consi st i rfglessefrerelby Fhof figsbaind F‘B%‘mdeéﬂa‘ts pRecen Eepfogeenet igplbhecyrtashd

f err omagnet seid iibar anchat heespagemst il m 20 The present invention is a
magnetic recording disk that is patterned .into discrete magnetic and
nonMRGNet | ¢ T SALans WALN, LIC IROGLIC! SOLOnNS SSl L0 a9 Lig aagnet i c
recordi ng data e magneti ¢ feco er "conprrses

f er r omagnieTRE 5 iPasv Sdparat é&rﬁiﬂhaanﬁﬁiiftéﬁ?ﬂwﬁ‘@ﬁe‘tqné%‘bé@é}‘ fi I m The spacer
f2d m material conposition and thickness is selected such 25 that the first

and second ferf&@aga@ntﬂgcwiéﬂ rzrsn@rtelraﬁgﬂ bepdaeRgaetiaer! day e&@hs@l across the

spacer fi r_this_magn ng. l.ayer,.ha r,qed on the
di sk subs({etP %ons{' are irra % l:<<3';1rtees oe?g}téll %g thQh%aé)neec p er‘ned mask.

The ions Rﬁté‘reﬁ’b‘tngt hie §15‘SE%’F€SPFF m3XAY ?%QFEHS? 88%‘%%”89 %%é?hérﬁkloFéF?%gnetl c
coupl i ng Yreteneesndt herddieting toragpesttc filmwitAsicens3thragghl the ppettings in

regi ons ofnd ReotraeBett Qafecordi ng | ayer that are ion-irradiated the first

anal second ferromagnetic filns are essentially ferromagnetically coupl ed

so that the magnetic ponents fromthe ferro g_ﬁtl(;f” arengarallgl and
produce a magnEtite AN thaPPt &ods SEREF S €FIV FAE S B AP BRI  rom - -
the two ffdarsthaqgrrhe SBshoninor padicas ef Nediconsdr ofNer her ragn¥t-i ¢ recordi ng

| ayer, the first and second ferronmagnetic filnms remain

agyiferromagnefiallyy Ct%“Q'&HrﬁoapréélE dehs ﬁI%QQ:% 'ﬁvé%I%Ht Sneake; Ori ent ed
antiparallel. The conpositio hicknesses of the fi irst. and second

f er r omagnRtT e °F T Pl g e Se c@fg%jngsgéﬁktcﬁaf’r §8nt| &Py RS frenetic field is

det ect abl @@FrEOW@éé%%Wﬁ@GYQU W sharfceshiihee @ H@gﬁa’gﬁ%ﬁf?%ondééﬁrwﬁg

| ayer corsespendidegliped hed hemghisinhas diket egaet i:01b¢cEretongmeend faow| d be

| ocat ed. a nonferromagnetic spacer film of a material selected from the group

35 consisting of ruthenium (Ru), chromium (Cr), rhodium (Rh), iridium (Ir),
copper (Cu), and their alloys formed on and in contact with the first
ferromagnetic film, and a second cobalt alloy ferromagnetic film formed on
and in contact with the spacer £ilm, the magnetic recording layer bheing
patterned into first regions wherein the spacer film has a thickness

40 sufficient to induce the second ferromagnetic film to be exchange coupled
antiferromagnetically to the first ferromagnetic f£ilm acrose the spacer

film and second regions wherein the first and second ferromagnetic films



3 NOV 2004 WD 01199100 6 PCT/ GB01/ 02445 For a fuller under standmgﬁpa\&m 4
‘nature and advant ages of the present invention, reference should Q)
‘.the fol | oWQ§1/880ai | ed description taken together w th the BCRGRuAYISNg
figures. 5 An enbodinment of the present gpplication will now be descri bed,
by way of exanple only, with reference to the acconpanying.draw ngs in
which: Fig. 1 is a schematic sectional view of the nmagnetic recording disk
showi ng the antiferromagnetically (AF) coupled | ayer in accordance with 10
t he preseate indvemitidarpiragneticapdy t@uplery; whkeigpby2saisl aesmldenatipgs produce

i I'lustrationpbtide ;i 9GessedderRalideliiibet NBAE-GRURLSE th Y8 e PYnkON: s

| rradiation LOroligh 3 stencil, sk, Ln ascordance mih the presentc,.. ang

i nvention® %"“Ef’gﬁg‘ PE°% “haghét F¢° f6Pce "M croscopy ( i rage?ot -t hd

pat t er nedaAFrategpived ovexRopt | ¥Praee ottt &he dnagre @ KecPrEsentaYPAvent i on showi ng
di screte obl ong-shaped nmagnetic regions; and 20 Figs. 4A-4B are schematic
Vi emtpf t,hf d;rﬁtg ﬁ&gyfahﬂa[ ﬁe&tndt @@rwmgaeé(},ticl f‘i\if%\gh gfrkh}% o negicd%ée&rdgg%eti .
magnetic hit states ir_corresponding Si e

recor di ng ~AEH U‘Fﬁ’ﬁ?e \[edﬁ’émerﬁir 8gesh”tbsitﬁ té?‘i‘??%nthfssef?ﬁdga’b?ﬂ?g’ f ingtf"IrSF rﬁqﬁg a
cont i nuouse¢enIpaarespedyr FEgierf ctieayaamedtc tiReOBE 1N Ly et Raghasiel ef
films that adieréxthange:cpipbedhangtdupr camagneig eal do, FAFNi{ arihehdir
neigghbor i pgi ey romagnetic filnms by one or nore nonferronagnetic spacer
films. Fig. I illustrates the cross sectional |ayer structure of the disk
10 with the AF-coupl ed magnetic |layer 20 prior to patterning. 30 The disk
substrate 11 rré"wb%rﬁﬁdéezapmwtéai fidpl ef rriechre=dl lavsichendnglwssan S ¢/ Si
ceram c, duastfaceofilanciidiiytihd @gsbaselly tdf ecldlE Sedftadeatcobd iingerfhke seed

layer 12 icg afe @RtsORAkrdr¥elt {3 10BYabEUSELLLOc TPr Ove the growth of the
uq%erl ayer 13. The seed layer 12 is nost 35 commonly used when the
su

strate 11 is nonnetallic, such'as_qlass. The seed | ayer 12 has a
thi ckness in t H&@er $iip@dofe=apprBataat el of 56 P Enhr¥id™ % 18/ed6f 2% he

mat eri al s,insercincasiila cGrshistbmg NisAbptiahly lhfarebdlnolpcstadtdte tlw iiotemdaket 0 beé
useful as czeerk HALEKd EeSrdEndf ATBLIMNGnE e JESMR ei1subsequent |y deposited
| ayers in certain preferred crystalline 40 orientations. The underl ayer 13
is deposited onto the seed |layer, if present, or otherwi se directly onto

t e substrate 1P BIftFPE TABhifgREtT CoARtEri BF°oSHEN 435k iR ignParteaned
chrom um dPteydissuete ago@hicopndomPhmadinpic BoND¢ 200 the 'GpheGE0Pegions

PCT/ GBOL/ 0244y aentder mayentitrdt@sdind Reekmass. i mht heaghatge rodorBitd 129000 nm

With a typioggl: dal Be Bel-NGh-8RPE QX IeMBlLLYp 20 B by Then HrCriRLRd s RRgnetLi C
| ayer 20 |§1Iqaderhtép OJcetrV‘P erromaggetl c 5 filns 22 4 separ atlegltebcysgch
S

. s i 1m water it and thic
nonf er romaghet i ¢ “Spater f11°h 285 The composition thickness as sele
25 that the first and second ferromagnetic films are antiferromagnetically

coupled across the spacer film. After this magnetic recording layer has
been formed on the disk substrate, ions are irradiated onto it through a
7 patterned mask. The ions disrupt the spacer film and thereby destroy the

antiferromagnetic coupling between the two ferromagnetic films. 2As a

30 result, in the regions of the magnetic recording layer that are
ion-irradiated the first and second ferromagnetic films are essentially
ferromagnetically coupled so that the magnetic moments from the
ferromagnetic films are parallel and produce a magnetic moment that is
essentially the sum of the moments from the two f£ilms. In the

35 non-irradiated regions of the magnetic recording layer, the first and
second ferromagnetic f£ilms remain antiferromagnetically coupled so that
their magnetic moments are oriented antiparallel. The composition and
thicknesses of the first and second ferromagnetic films are selected such
that essentlally no magnetic field is detectable at a predetermined

40 distance above the magnetic recording layer corresponding to the height
that the magnetic recording head would be located.
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The AF coupling of ferromagnetic films via a nonferromagnetic
transition metal spacer film, like the structure of layer 20 in Fig. 1,
40 has been extensively studied and described in the literature. | In general,
the exchange coupling oscillates from ferromagnetic to antiferromagnetic

with increasing spacer film thickness. This oscillatory coupling



WO 01199100 10 PCT/ GB01/ 02445 di screte nmagnetic domains or bits. This :
patterning is perfornmed w thout the need for selective depositi o-nagggy 2004
e

* reroval n&%éﬁﬁ netic material. Regions of the AF-coupl edPéKQ&%”

t ransf or hirradiation fromtw ferromagnetic filns cou
across the Ru spacer film26 to two 5 fesromagnetic filns that are
ferromagnetically coupled so that their magnetic nonents are parallel. In
t he descri bed patterni ng met hod, a stencil mask is irradiated vvith a dose

of nitrogen ions ( N+ -the .ions are se I,V ytrans , through
t he hol esr?Wtf?FéShﬁ'ﬁ }ior FRLSTTEAST Pagat ﬁl”%ﬁ}?tt ® Kl %%sclrn %e mask and

i npact t heaxkEnceupledit a‘99¢13£1@tft<PPSséTl eﬁﬁcé@igeeﬁ%ﬁ?ﬂsm@oﬁde%%ﬁ%as%%ﬂnﬁ@
pattern ofn h@k@ﬂﬂcnsﬁlbﬁlﬁasi@e Fheudranss .dicsrript cbhc& kAt erel/aee, beysedethe Ru

spacer fl#%t ??r:l‘l.d %he fe%ﬂm(ggg j.c ’Mezggt%i’al m@ggtg%t 1 ov . kbe

AF- coupl i erromagnetl cTi'lne occurs 15 essentially
wi Bhout df@wmmﬁjltch‘élmgﬁ@%q et FopB? t Més Fh%lrr &t 3PagARth @5t fife 22
24 and creates a;&glmnsw\/lmderlctr:lﬂerthmgﬁmbosmtf:clnfm bwah areReogpradiun

toget her fgrr onRGNEH Q |y 134 diRmt Dy T %@EEH&)W&WE&W aeDbed pasldach.
The regi ons not vvgllnXtEOI}le |oggﬁla%g%|, L Afarfgu?%%qlgggretl%g?om\{gult

essenti al FY° 518‘5‘5%’?1"’& gRet e m)r‘ne 38°wedsured

t he magneb#t teebt cﬁ%ea?‘@#ep’afr 2PBRIFPRH SRE™ANGPhER e FEARERATSt P the
ragi ons thaifdidvesdietnagretezatilons Fals-tehecpabbera aotifrgresadnetife mask

Cﬂ' r etSDOt”%u[{ﬂn&h@em%eJHé o @gf@rﬁbﬁe@l‘c: LB, On'ﬁhé)@ei'ﬂﬂ @Es&c125atﬁcﬂl 2
illustrates the patterni rocess, schematica e

AF- coupl eg hdgsg e E%rér%é”rgo?aigflmé (T €p Erlceesrerrrll th él -(l:i}?%ss at C%Q%gh

26) in theh?iﬁgpén’éhﬂs?sc'éwaﬁefy FergHed %dapmseo%éhfanfﬁrﬁ”é’mé?:ﬁ d6n stenC|I
mask 60. hatdéhielreg ant&Faofal aypetit?0 tTiat cbsildlignednti fdyramdmiledi86 in
mask 60, G,lb@ﬂrl@%rbf]&’e@}goﬁ%etm griRCaabalasmenced ik iR SRACeypd ighan@aind t he
fer T om0l R LI ke 2 RRS QEEHLLCH L5, SLESEUR0 DL hR ARl £ ar e
of f|Im25‘)El nd the gnetic AtS of 1 .

ferr omagnéf"F’t‘:%ﬂlFW%t?ﬁlléﬂnyTﬁ‘éuP%F@ n%"ilP‘s ﬁﬁ?ﬁeﬁﬁ‘qn§th" ﬁBﬂerbttfnf‘éﬁtr“T%Qkyt hat
conpri ses cauplatde kogBes Uzt iasralilel chringidrkrapicas cbtidlaeachr oTfeel EYPTIoE

i ons, depisgl et diye dHrR0E1ER, atd RebéAnel] tdoedetdipoughint hem Hakestd 5, be, 377
2@{ € The,§id ieen &t enrﬂlib chchd kpa\é@ét fdapéh%@;eg Jt&QE‘E@eCQé’@@HE' oy

i con-on-1 nsul aforag, 91 gw S|de .S Ilcon | ayer,
0.5 um of “SEFeTRAUE HAY 1§06p16’rr§’?1n ecﬁMRs cRedn n@ﬁ? yé‘r 1aEEFFAte. The
stenci | hekbesragedde} | pipne) fparamapneid chlaxsst hewing ferrograthy cafid meheppse
transf er r @dmemds0 atberibQdumdonptdd Bogdtageraddy rSheGnbasad pondutyglduasgect rati o

reactive i@p-&:Chi 58 t(hBI RadV thEhe 300 Gxdder Sevl-na w38 & kebi abl e etch
st . W ndaw 199100, PCT/ GBQ1/ 02445

from t her%ma(?ﬁ‘eg?%:fqtlﬁsr (?ﬁ%ﬁf?rﬁgmaﬂertll%% SUBSH eg SC0sTng a Simlar RE
pr ocess, AREETTOTRSNR T ﬁ@aosa £ i deaRads rEsevE Swwaévvxé"teaﬁﬁ B FFhe
resul ti ng isi the our - peundiredneagnet &pprps At et Wig0 Hzuetdlisckcamliigddcaveysthetiar ea-

ortﬁ X ﬁ mlimota%&sw In ixh%hgrecrmgmrar&en%}m:uw %sgﬂ%lﬂ&tdiéﬁgﬁttee 5
al t hough sone Lr ar in_s e.replicate ro

area With'a r\é@ eé:?ussea B ng of l}agmltfsle 1ncfj\lVldMﬁ( ferrqtnﬁgneattgr nesgl rr}égi;iﬁs'l
t WP such stthéne*mu%é%sceeahe b’éléﬁq Gne %P“\RFWFtetihe?WtH%‘F’é’saB’?ﬂeﬁelréﬁﬁgﬁ’ﬁtt 0
create holes with effective dianeters in the range of 100 nm However, it

i's possible to fabeheatl:e-aojiagl frstane bs MBSKridv thé Sorﬂaﬂtﬂa&rlpny\lictfhtﬂblch 10

smal | er hql gﬁeeaﬁnmﬁegégbséo%wg%e Of%gggentt 0; Al chez‘ﬂoag eagﬂ,ﬁgd'@rwth the

desired are escription of the use of enci | masks

for ion-beHdPpet tagphp?@l,lgl cf@élc?li‘ﬁeﬂd%)?eBtnﬁtlT%]ryrl sTh& 2xFovs Bforibeam
pads er ni ngrepiresmynehe ondricherishtrg istendi indins fedl, magysitic Phgmaing ethal, axg| |

75, No. 3,3:1Qcdl} ¥updP9hnavhd1h bise 'aﬂ&@fe?oééto%g ey aFnediy1ief enence. 1bnln
the described, é‘?n%%' natn %h% {TBSK é:[gaélch(%lleefd BgEduhe oactB%tE ‘%cermig%,efc?Em a

rragnetl Cc recor | ng conc rrc cCi I’C’U| ar track

havi ng di sk@t & n’ifgH%P?%tﬁég?%ﬁstrsepa’é@cfaﬂ%daV?r tJG s’etr \Y’é“ashat"ﬁea granular
i ndi vi dual styruceaor dabh enutagpiet e6]dsens . gr20nMielieg nicdupdek ogerisrwes eagsed,

other ion ﬁﬂaeh@l&ﬂ h\agn&ax cb&na%@d tAGIHddELd QRS &F abes dpp&rled Mesgnb€4c aneie.

The volta an ion i.rradi agjaon uire
desired d?ts‘sahr up T on og§ es?n Nig I%1’3(:emquV\/eé‘%l %EE%J essentlal?fl m élgm %d t he
f er r omagne?iented ns T, SPZ‘&e’f":a‘ﬁlbeordéFe?"r"ﬁPhé%E ékb‘ér%srréﬁtté‘leflyde?"“ted to the



25 The described nethod for patterning the nedia with ion |rradJ.§}iN)G UB
by a non-contact mask, such as the silicon stencil mask descri be éﬁ@ lf
" However, iWO{08P%080 possible to use conventional |ithographRCT/GBEVE4 4
photoresist is forned on the AF-coupled Layer and then patterned 30 to
expose openings aligned with portions of the |layer intended to becone the
magnetic bit.regions that are separated or isolated fromthe "nonmagnetic"
regions. After the AF-coupled | ayer has been patterned, a conventional 35
pr ot ect i vecxnegtcozickiert ddheviivi on Fegromegnetis B&ln tnediadtertliet seepndopml et e
the fabri Q@{Eiﬂéﬁr&ﬁaghbe:l.cp&tlﬁ.ﬂrﬂEQS rRgoeiiea disderifhe photactbmaigyer coat may
be a typi %ﬂd% %er%%akhﬁf SRl 27 ¢ ABRASLILRY . CASRANL Fhb AT PhAUE,GAT bon

optional | gen and ove at_1.s typically
[ess than‘“i%“%’rft?ﬁm&kns 4”Gth MRE CZ"GGE“\T@%%"@@EOW%?%%FHFB%P%I hResul t s
PCE/ GB01/ 08wA8 AnighEatiensl efl ftrromsane bidff iy PUCEBICL R4 B CaPRCr & antike
‘prepared ap @BimmsQinmet.al substrate. The ferromagnetic filns of CoPtCrB
were 5 Co68Pt12Cr20 all oy doped with 5 atom c percent (at. % B. The | ower
CoPtCrB filmwas 10 nmthick and the u CoPt Or S fi |l mwas nm_ The two
ferromagnetic PP NePRe?e feﬁf@?ﬂ%ﬁ%“@\f{) 23 B 6°% tr’i‘r‘rf’f‘?ﬁf(so"%‘luﬁﬁ') t5‘%30‘(’0"%
nm tril apbe fdranamapliediihe RoPtCrBef¢Hoven ant Fhay thaelirdtli ealehgtis abevrei r
NoiENt s Wehe diskest eﬂeam:jgaarv&le&eltheTlaecdﬂahﬁgnﬁsa of 1bbg:ddobs QsBezitillalmy 10

was Chose%ﬁﬁgfgokhé}{e Ebgrﬁl}ﬁé’“' C}hQﬁ‘w ‘%S§&“tt|‘né 'a%ez%r] gagﬂt% SyfmkeL 9tt2a

pr edet er m I stance above, t magnet i c ance i s

e
el ght - ab e e ReArBRES TGy dd TS Troistiodind 16: o s o
flyi ng heicghts cflotére tpetle headl) . ThBi mee tehaceppéish4gd hyzzﬂélse@eFﬁgne 1) is
cl oser t o fiebeovadt iteadrediBes firckBe fuwontilmswed,| 2beadd ghpistihan, tha €j.eld Z5
from the quw@{fffetrla_m %érrmgﬁememmrq%ﬂ Fgémgwaxfe' Lé@d%n'&e% L hi cker

to conpensate. and esse e head, The

th

magnet i zati" on ® G t%Ps s’fruct urema\%/ae“tzﬁ'éhonné‘é%%l"x‘an%ltc m%m%ér?eﬁ §8ber over a
range of EWLBPHAL BESFiel) wagre teo fieareponatifefylng ¢ POleragierpet f itben
(e. g., 8 theejhixithéisciseate tadjoatedcaneriihelant i frean crirgnedtiioe cCotpbimatof the
two ferrommagneld ¢ifid BB, vm;s b Mpat wﬂﬁpmea d rﬂlrtbesaqgﬁtﬂ M@e qlafr&CEb%s and
thg Kerr. da atqumgp zerg Qe fer neti T% had Lheir gbs al i gned
patal | el W th the-applred il i reé‘il on. &1 F6a etrﬁewou Ue&d and
the Kerr cﬁﬁ‘?élsfri@\%%df REERST af hder Beah RAGATEE] EhS FIPW f51‘§vﬁ4t gniqigser to

magnet i zatthenheld.ecti on, near the field strength that would correspond to
the antiferromagnetic coupling field, so that the ferromagnetic filns then

had their mner“lﬁlglfllg_]neg :L%ng#xcgﬁxt ﬁ!nl %l AF -~ Aé%u§b§d Hh&#e@llga?‘%}%‘é Lprwgglgh Zer o

toward a p05|%|ve a ferrom ts renml ned

anti paral | e Ghtt FE cetuﬁ%seintdl @eslf‘%*f FP3B e xcEd&de t HE SHRtTF &F roBfaetFc
coupl i ng fi%eFarudtrahivéhh poilhiricherderr Sagnetd eut tintenbrrmeraorisséanislms .
oriented parallel to one another and aligned with the positive applied

tield directi onfheTh&&etrbgnalg%ElQ%@ce%h@md 2khat FiBl s fglgn&%rmkurﬁms a
synthetlc,%x ferrogrn%ln%nthc xt thsstruture nbarded wth N+
ions at a dosé of-2 Si 6n§7ec§ﬁ2 3 “POTKEV ené‘Fgﬁ16 W\’é"ﬁthe structure
wadl once AJHLACEPBERTifoPtHfeindite reideatoYesa Pt ied Tappticaghit el &t taE Kerr
dat a showedl seobd\Fdes tidllenfprokatine st efe aamgnet faerrbnddgetit nsheadat hes to

structure hehavednl iker2asd 19Le LEIANBYNELLE1AYE o oNEi GALENG Lhalyt he
i on borrbardrgam,tfa had.

ce with the Ru spacer film 26. These ultra-thin Co films increase
the interfacial moment between the ferromagnetic films and the spacer
35 film, resulting in enhanced antiferromagnetic coupling. However,
antiferromagnetic exchange coupling will occur without incorporating the

Co interface films in the CoPtCrB ferromagnetic films 22, 24.

After the AF-coupled magnetic layer 20 has been formed it is
40 patterned to form discrete isolated magnetic regions separated from one
another by “nonmagnetic” regiomns that produce essentially no magnetic

field at the head. The discrete magnetic regions are sized to function as
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not have mmgneidxc transitions in the regions 80, 82. In Fig. 4B only the

transitions between the bottomfilmmagnetic states, 71-73 and 73-75,
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switches its magnetization arid aligns parallel to the top filns 70, 74. An
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the signals. byomd he-l ransidicens kel thenfits fhenanplrkt udesne silicon
stencil mask was fabricated from a commercial silicon-on-insulator (SOI)
wafer with a 10 pm-thick top side silicon layer, 0.5 um of SOI oxide, and
a 500 um-thick silicon carrier substrate. The stencil holes were first
40 patterned by optical lithography and then transferred into the 10 upm-thick
8i layer by SFe¢-based, high aspect ratio reactive ion etching (RIE) with
the SOI oxide serving as a reliable etch stop. Windows were then etched
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the first apdvsecond febr@mgnaidnetfd bicss (22, 29) are ferronmagnetically
coupled and their nonents are parallel. 2. A nediumas clained in claim1,
wherein the first ferromagnetic film 22 in the first region= (52; 59 )
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a :
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netic
n%Pgsecond ferromagnetlc films (22, 29) are fornmed of substantlally t he
sanme nateriai, Trddysdrébed metBod Sogrmatemiblitde tddia wikhNOvh 2004dikkion

is by a non-contact mask, such as the silicon stencil mask described
. above. However, it is also possible to use conventional lithography,
where a photoresist is formed on the AF-coupled layer and then patterned
30 to expose openings aligned with portions of the layer intended to become
the magnetic bit syegions that are separated or isolated from the
“nonmagnetic” regions.

After the AF-coupled layer has been patterned, a conventional
35 protective overcoat (not shown in Fig. 1) can be formed over it to
complete the fabrication of the patterned magnetic disk. The protective
overcoat may be a typical overcoat of sputter deposited essentially
amorphous carbon optionally doped with hydrogen and/or nitrogen. The
overcoat is typically less than 15 nm thick.
40
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is kOe field is less than the AF-coupling field of the non-irradiated
regions but large enough to switch the magnetization dlrectlon of the
ferromagnetically coupled films in the irradiated regions only. Fig. 3
is a magnetic force microscopy (MFM) image of the patterned structure,

20 with the oblong-shaped regions being the irradiated regions where the Ru
spacer film in the structure was disrupted so that the ferromagnetic films
in these oblong-shaped regions are ferromagnetically coupled. The light
and dark contrast lines on the long edges of the oblong-shaped regions
originate from magnetic transitions between the top (or bottom)

25 ferromagnetic f£ilm in the non-irradiated AF-coupled regions and the

ferromagnetically coupled films in the oblong-shaped irradiated regions.

The two bit states in the recording media according to the present
invention, wherein the magnetic field strength above the disk at the
30 height where the recording head is located is essentially equal for the
two films 24, 22, are depicted schematically in Figs. 4A-4B. The magnetic
transition regions are designated 80, 82. In Fig. 4A, only the
transitions between the top film magnetic states, 70-72 and 72-74,
contribute to the signal S1 because the bottom film magnetic states, 71-73
35 and 73-75, do not have magnetic transitions in the regions 80, 82, 1In
Fig. 4B only the transitions between the bottom film magnetic states,
71-73 and 73-75, contribute to the signal S2 because the top f£ilm magnetic
states, 70-72 and 72-74, do not have magnetic transitions in the
regions 80, 82. In Fig. 4A the magnetization of the top ferromagnetic
40 film 22 of the AF-coupled non-irradiated regions 70, 74 are oppositely
aligned with the magnetization in the ferromagnetic irradiated

region 72-73, leading to a typical magnetic field profile as indicated by
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head, are the same, even though f£ilm 22 is farther from the head.

15 If the alternative embodiment were used, where Mr; t;= Mr,t; so that
the layer 20 has substantially zeroc net magnetic moment, then S1 and S2
would have different amplitudes. This is because the two films 22, 24
would then have the same magnetic moments, but f£ilm 24 is farther from the
head. Thus the signal S2 from the transitions in lower film 24 would have

20 a smaller amplitude than the signal S1.

While the present invention has been particularly shown and
described with reference to the embodiments, it will be understood by
those skilled in the art that various changes in form and detail and

25 improvements and modifications may be made without departing from the
scope and teaching of the invention. Accordingly, the disclosed invention
is to be considered merely as illustrative and limited in scope only as

specified in the appended claims.
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disruption of the nonferromagnetic film (26) caused by a pattern of
ion irradiation of the recording medium, the pattern creating first
regicns (52,54) of the layer (20} where the nenferromagnetic film (26) is
not disrupted and second regicns of the layer (20) where the
nonrerrcmagnetic film (26) is disrupted so that:
in the first regions (52, 54) the firstr and second ferrcmagnetic films
(22, 24) are antiferromagnetically coupled across the nonferromagnetic

tilm (26! and their magnetic moments are antiparallel; and

in the second regions (55} the first and second ferromagnetic films (22,

24) are ferromagnetically coupled and their moments are parallel.

2. A medium as claimed in claim 1, wherein the first ferromagnetic film
(22} ir the first regions (52, 541 has a thickness t> and a magretizaticn
M1, the second ferromagnetic film {24} in the first regions {52, 54} has a
thickness t2 and a magnetization M2, and wherein the magnetic moment per
unit area (M2 x t2; is greater than the magnietic moment per unit area

(M1 x tl}, whereby the magnetic field from the first regions (52, 54) is
essentially zerc at a predetermined distance apove the magnetic laver

(20) .

3. A medium as claimed in claim 2, wherein the first and second
ferromagnetic films (22, 24) are formed of substantially the same

materiai, and wherein £2 is greater thar t1.
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6. A medium as claimed in any one c¢f the preceding claims, wherein the
first ferromagnetic film (22} includes an interface film consisting
essentially of cobalt located at the interface of the first ferromagnetic

film (22) and the nonferromagnetic film (26).

7. A medium as claimed in any one of the preceding claims, whereir the
seccnd ferromagnetic film (24) includes an interface film consisting
essentially of ccobalt leocated at the interface of the second ferrcmagnetic

£ilm (24) and the nonferromagnetic film (26).

8. A medium as claimed in any cne of the preceding claims, further
comprising a nonferromagnetic underlayer (13} locatecd on the substrate

(11) between the substrate (11) and the magnetic layer (20).

9. A medium as claimed ir any cne of the preceding claims, further
cemprising a protective overcoat formed over the magnetic layer (20},
1C. A method for fabricating a patterned magnetic recerding medium

cemprising:

providing a suhstrate {11j};

~

depositing cn the substrate (11} & first ferromagnetic film (24);

depcsiting on the first ferromagnetic film (24) a nonferromagnetic
spacer film (26) having a predetermined thickness and formed of a material
selected from the group consisting of ruthenium (Ru), chromium {Cr),

rhodium (Rhj}, iridium (Ir), ccpper (Cu}, and their alloys;

depcsiting on the spacer film {26) 2z second ferromagnetic film (22),
the second ferromagnetic film (22) being exchance coupled
antiferromagnetically to the first ferromagnetic film (24) as a result of

the spacer film (26) being said selected material and said thickness;
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with ions (62) directed through a patterned mask (60), the ions (62)
substantially disrupting the spacer film (26} and thereby the
antiferromagretic coupling between the first and second ferromagnetic
films (22, 24) ir a pattern creating first regions (52,54} of the layer
(20) where the nonferromagnetic film (26) is not disrupted and second
regions of the layer (20) where the nonferromagnetic film {(26) is

disrupted so that;

ir the first regions (52, 54) the first and second ferromagnetic films
(22, 24) are antiferromagnetically coupled across the nonferromagnetic

film (26} and their magnetic moments are antiparallel; and
g P

in the second regions (55} the first and second ferromagnetic films (22,
24} are ferromagnetically ccupled and their moments are parallel.
whereby the first and second ferromagnetic films (22, 24) pecome

ferromagnetically coupled in said ion-irradiated regions.

11. A method as claimed in claim 10, wherein irradiating with icns
through a patterned mask compgrises irradiating with ions (62) through a

patterned non-contact mask (60).

12. A method as claimed in claim 10, wherein irradiating with ions
through a patterned mask comprises depositing a layer of photoresist
material on the magnetic film (20), patterning the photoresist layer :c
define openings in the photoresist layer, and irradiating the magnetic

film (20: with ions throuch the openings in the photoresist layer.

13. A method as claimed in any one c¢f claims 10 tc 12, wherein
irradiating with ions comprises irradiating with ions selected from the

group consisting of icns of N, He, Ar, Ne, Kr and Xe.



