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IIIIII|I|IIIIIIIIIFleldofth *1 6 This i nvention
Telates generally to nagnew 8AT%coré¥%§%n%§$%?‘DI§%§m%%re particularly to
thermal |y stabl e high density nedia. Background of the Invention----
Conventional magnetic recording nedia, such as the magnetic recordin
di sks in hard disk drives, typically use a .granul ar ferronmmmm‘“mmmwr,
such as a sputter-deposited cobalt-platinum (CoPt) all oy, i ng
medi um Each nagneti zed donmai n i rithe JFRFREInGendiadjer 1S conpri sedicof nmany
smal | magnetic grains. The transitions between nagnetized donai ns
represent the "bits" of the recorded data. IBMs US patents 4,789,598 and
5,523,173 descr|Tt§‘éstllﬂ\’én%Wer‘elfatéérﬂ/@ﬁFFbln’altor'i'agiﬂétl%rskorqa.slgt‘h@lslt oreye
density of moBgnekitcneedy dionghainaksy hasbinaigaskedeityt hedps.oduct of the
remanent magnetization M (the magnetic nonent per unit vol une of
ferromagnetic material) and the nmgnetic |ayer thickness t has decreased.
Sinmilarly, the coercive field M%WMM magnetic | ayer has
increased. This has led to a decrease in the ratio Mt/Hc. To achieve the
reduction in M tcontdigibhdckagssit afcotbtngTagant,i suc ayethLangheiceduced,
but only tQe@ozldﬂgtdlgﬁEaﬂﬁ%aM‘%lkﬁy&wa‘é| le F—Ei@l@&tuse' QC{;F%%&QQ magneti ¢

decay, whi has een ttribut to thernmal  activation netic
grains (th&“SUPErpar rrgg’net‘l BB PRA FPUTHTE RS AREC °§P%1]o‘i'lplf‘§1”3‘l’“ gﬂ‘%é netic
grain is talkey: alageth@xf‘e?ﬁrdél’e& gefivied Bychkmyonaffiged domain gnt Hee magrriticc

© anl sot r opylepnstiantorpkiddre of ayey amdlVnagethe greinde vhe trhssimignetietween
grain. As hhendrayed dohitknessrdsendagkeastds o d8618R_SESea luhtal heBhasvee

thi ckness bgtérg:% Ilh’sré dérEheclrﬁt& 99 mgggécr berggr rrta}g"ggf\,\éolnlven OJ.O{IO P gl‘

stabl e at npornmal disk drive operating conditions roac

sol uti on of*this problemis to nove to a higher anisotropy nateri al

(higher K'). However, the increase in K is limted by the point where the
coercivity I-1I. Asmtﬂechté&gapcmx@xtﬁmfehygrequalreherci%bl\m;sksbﬁe@rmsr&mdgr eat

to be witign ;Q:)Sd@ctCQ@V@{ét kgﬁ@aleng%%gilr}gtb&a%(éxe sLkgidak ,ﬁ&,e. Qaﬁél Lasto
reduce the thic this

C r xe aye
isalsolim um§ BE nfeﬁ’é" ‘re%:llcvf“ ertlﬁif aé%n P ma%r’ett% Loy eﬁno]i‘h e§%| u%’aﬁ)n is
to i ncr eas&eTIFESP teF@T’dﬁﬁF’é'r té‘?c??&ﬁge"e $oeld I’i’étcctelaféﬂé’ﬁ?yeé’f‘q)v@f é§net i ¢
vol une V OmamlﬁB@YGFII@SgFMWQSF—Q | Getehsediedltd k]l 84ddealsk| in [thE| fatlib] | |
LTI 11 Thrd AH. | kbl dchieve the reduction in Mrt, the thickness t of the magnetic

layer can be reduced, but only to a limit because the layer will exhibit

increasing magnetic decay, which has been.attributed to thermal activation
of small magnetic grains (the supe_rparamagnetic effect). The thermal
) stability of a magne_tic grain is te a large extent determined by KV, where
- K; is the magnetic anisotropy constant of the layer and V is the volume of
the magnetic grain. As the layer thickness is decreased, V decreases. If
the layer thickness is too thin, the stored magnetic information will no

longer be stable at normal disk drive operating conditions.

One approach to the solution of this problem is to move to a higher
anisotropy material (higher K,). However, the increase in K, is limited by
the point where the coercivity H., which is approximately equal to K,/Mr,
becomes too great to be written by a conventional recording head. 2
similar approach is to reduce the Mr of the magnetic layer for a fixed
layer thickness, but this is also limited by the coercivity that can be
written. BAnother solution is to increase the intergranular exchange, so

that the effective magnetic volume V of the magnetic grains is increased.
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*@0002* | 9% "It AJ -V-1U 2 7 OCT 2006 2,However, this approach had’ &0t
shoimn to be deleterious to the intrinsic signal-to-noise ratio (SNR) of
'the magnetic |ayer. GB Patent Application 2355018 di sclosures a magnetic
recording nedia wth anti-ferromagnetically coupled ferronmagnetic filns as
t he recor di HgweveayerhisMagpret it hreduredi sipwneth dendeleterdgbus ror EhsiiotSMRiEl ow
intrinsic gegiA-BOIRRLe 19t 08SiskRPIEF bRCASLdilc Loyasel | known in netal

all oy nmedia, such as CoPt alloys, that the -intrinsic media noise
increases with increasing |inear recording density. Media noise arises
from irregul ari P atent el inegher 358 Endit¢iorsrema resuatis rerardirtpmedia
shifts of wheh neatirackonsigaslcapbpksupldhie serrandna ishEilns asetkefrees@Ang0
as, "peak jitygr" or "time jitter". Thus higher nmedia noise |eads to higher
bit error rates. It is therefore desirable to develop a thin film netal

all oy magnetic nedia that generates noise bel ow a maxi num acceptabl e | evel
so that data caMadpetiecerdetingt merbri vibh higiedntdiarsict $R | (Llow sidtmdueict hat
subst ant i al hyaiaTpsNaeedi SNRs Gam1 beraaaliievedi el @ PtathNgn &esh DO 18 oBgReL| C

layer with a,Laginakd, fRIDEtH G | G%et,Qfi N0 Q5. TRIEL SERALALE Jpgnetic
| ayers that are spaced apart by, an nonmagneti ¢ spacer |ayer. This
di scovery vvh%crr?ﬁﬁgngo)}l?arfe‘ii’é engt Yy .bfedlﬁe’g‘ifffi 5P EUT a Noise in
Thin Fi | m MezaguMeditdepyinl B nagishie, tyaBER Ifingnaed trieswbt sod 2 Moapvemi gs.ft Vot
26, No. 5, Septreatterckl&iYBal prak2’706h250Yandnd sibhsequenidtyrped abt €4 vpBak

IBM's U S patent g 00he28Bcelhe meduclical: B A B0l S DY, 'ﬁ%h@@tbiii?n I's

\

beli eved due_to a_decoypl.i of _.the . nmagnefic interactiqn.or change
coupl i ng beﬁx\éjernf?tﬁes'n%gﬁag%frf%%/réar gésl%?g%ee%loaﬁ?%ealfg.a%ﬁ’énufslg“of“et% alloy
|'am nat i on T¥ehoF SEIt bRt i9GASTES ShRRT S eSIEs P VPG ™4t (AFCeBt a1 of 1 ¢tk 1t Pre
favor abl e spasedatayen hvaterdrded ati netiudinngin€ry Em¥ithb andiRxknoamdhspacer
| ayer thickanassestiafilPMmprévedd&fk GanthiatciRsht by Rebhe-ibesh egorlsng: of

the .mgneti g d.ayass . A ddus.dhe: L quest Jiedla @9 f8c) THLS. MRLK SRS, been
reported i aper y E. S Miurdock, et"al., "Nojse Properties of,
Mul ti | ayer et ¥E6? Aflshat.riya‘i\?aﬁﬁaécﬁdca%erc‘fo%“ﬂiaﬁ‘gnﬁ\%ﬁﬁﬁefml ERECSFr Af%ect | OR%° on
Magnet i cs, ¥dicovery, WRp.mage t3pft dirbERTIEIY0, etppl . 270042 ESn Af Mydiaykdas et
al ., "I ntertayeriixehengeeGaupy iRgihatiCof CiEE€e Dok e:donyes:edaBeeard, ng-1 .
Films Studiad RY. 3pi BspMe¥se:Brbbd 0ubN 25681 iR6] Noha LBk IhaNS 30LLANY 80
Magneti cs, I\é(b)al’is 378’ Ila\algieri@’s',lyg}(%er 'I]h%g%édl}%%ioéoi@ﬂt_nécpi%@'hogged by lamination
is believed due to a decoupling of the magnetic interaction or exchange
coupling between the magnetic layers in the laminate. The use of .
lamination for noise reduction has been extensively studied to find the
favorable spacer'layer materials, {nCIUding Cr, CrV, Mo and Ru, and spacer
'f') layer thicknesses, from S5 to 400 G, that result in the best decoupling of
) the magnetic layers , and thus the lowest media noise. This work has been
reported in papers by E. S. Murdock, et al., “Noise Properties of
Multilayered Co-Alloy Magneﬁic Recording Media”, IEEE Transactions on
Magnetics, Vol. 26, No. 5, September 1990, pp. 2700-270S; A. Murayama, et
al.; “Interlayer Exchange Coupling in Co/Cr/Co Double-Layered Recording
Films Studied by Spin-Wave Brillouin Scattering”, IEEE Transactions on.
Magnetics, Vol. 27,'No. 6, November 1991, pp. S$064-5066; and
S. E. Lambert, et al., “Laminated Media Noise for High Density Recording”,
IEEE Transactions on Magnetics, Vol. 29, No. 1, January 1993,
pp. 223-229. U.S. patent 5,462,796 and the related paper by E. Teng et
al., “Flash Chromium Interlayer for High Performance Disks with Superior

Noise and Coercivity Squareness”, IEEE Transactions on Magnetics, Vol.

29, No. 6, November 1993, pp. 3679-3681, describe a laminated low-noise



S: E. ‘Lanbert, et al., "Lami nated Media Noise for Hi gh Density Recoréiﬂ%‘r,mﬁ
- | EEE, Transactions on Magnetics, Vol. 29, No. 1, January 1993, pp- 223-229.
'U. S. patent 5,462,796 and the rel ated paper by E. Teng et al., "Flash

Chr om um | ntsek eyer ubey HagheRouhOIRace: Bh 33 i 4 M SUPRLLOL Noi se, and

Coercivity n Tran actlons on Magnet 1 Cs, ,e"ﬁ’/“?h t°2’§e K6, tl%e
Novenber 19%%“%&”%5%% §g§i WeSBSE b FapnRfiifal ErFolR F8F skamdngt & bQETi 2006

di sk that uesh H‘ &P%Edcﬁ‘lel ﬁ%d@géﬁtlfq Lawierhatre sot lrbykienaygheds@ataruce the
exchange coupling between the two magnetl c layers |n the lam nate but is
so thin that thaqhta\g\olsrrq,gg h separated. Wat is
needed is ﬁgp ecord(lgénd % @-Afgﬁ{e%h qtmg s 6|at él?%r \]'IP FYRPUENERXY
recordi ng ret1a¥ ARG Yo f s ﬁ%ﬂalé‘f%ﬂoﬁPP(ﬁ )ﬁh&ﬁﬁalsNRabllDItSCdlrUisﬂNE of
the I nvention The i nventl on is a magnetic recordi ng nedi um wherein the
magnetic recording layer is atpikeast-tWe ££LrQuRANSLI C fil s
antiferromagnetically (AF) coupl ed together across a nonferronmagnetic
spacer film Begcause the magnetic nmoments of the two

anti f erromagnet i g%l TYSEbI éd ¢ ieABeErer oremededinn pheadinethe nhgnagtc
remanent naGREIGLIRatiaoRrt i eknéssstproddetronabide)i cof i ineakeet dhdgnbaYyan 1 1,5
the differ énee donptdie tMidenval sassefa %Bﬁferfrmagfn%rtw@%g@gé 'ff%:‘;' ! rEEc Jhis

reduction pAgMdicis | W fhout eductjon 1n cause the
stability g?gt Eed a m@ﬁggrg} ItﬁQl(atgqm etcgusrec’mta?lréEtI%Jr]L}’rréqu)]fEdt ﬁ’el“ﬁr affqis in the

anti ferr omagnetl cal Ilﬁa 3ﬁf‘eathlel ' TEERTeNE JTRIRe bty eythi e sediamucal SO
enhbl es nudfEt)sRarer ranyiény daveansi thodsttdmenbe achhewed wilhasreduged

- dermagnet i zave darfimglgdstia esthd.i NGhidn raadvicgberin m@qgr ago;npggg}l%ht Y: fQl the
medi um | nrenecesbadi B@Eh&%lﬁﬁg%ﬁ&@y rfeEi‘Pe”i1 ri.ses two

T F £ e'?elgde DoSiCRREr (58F>t B
all oy, separate acer T I havT ﬁ‘&agnét’t?ﬁlék’nwlﬁ f+a%F mdfe t he
antiferronaghatr %r ic‘ﬁanﬁ%"c’b‘i&“ph g <Pt \ibttr mupe shaopCoREGIB it timhs i O, Of
the ferronEy®et FeriFVedyics nutiect Meokeretitdtannt hielabhefesubtifngt BE 2 higher
t hi cknessebimmpe itogensise thathbh@aed. MeNeRe bdbos?LLa @g@'dag]qetlcgne“ ¢

field is | aWorblly ROAAKS ComdI§ é ~SO0KRl net recor ayer of the
present inyentian. . }de OSlmJ Ci ezast tvfgg?genrerg(l)ﬁéfj &ty SoFP |arr%ranular £ilm
antiferroma netl cal I lf { 0g&t HerY aci=BesateInbyifa R otREgAT fid mshacers

film can D& sﬁsé/‘f H‘é‘“l“rﬁfl vhrelaki feagerecneti@parckanon ¢hellagiteaiesh
medi um deste b@d oAt ¢die £ighoveond toédtfﬂEZB&rﬁw&E@{Htﬂ:OtﬂEnQd_Lg:%aée nedick Wi th
bot h t her netlanstiabiokidsy, bancHeOhiAbLd S &:é*%ﬂasaenng&s& POl 8L UlLEre sn
under st andiedg Lp1tibe Mt g 30d adyantages of the

’,) The AF-coupled magnetic recording layer of the present invention,
i.e., at least two ferromagnetic films antiferromagnetically coupled

together across a nonferromagnetic spacer film, can be used as the

individugl magnetic layers in the laminated medium described in the

above—citgd ‘288 patent to produce a medium with both thermal stability
and low intrinsic media noise.

For a fuller understanding of the nature and advantages of the
present invention, reference should be made to the following detailed

description taken together with the accompanying figures.
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present invention, reference should be madg to the foll ow ng detail eq] rT oo
S . F - . Q 006
destription taken together with the acconpanying figures. 4 2 7 Or. 2rq
‘Brief -Description of the Drawing Fig. 1 is a schematic sectional view of

the antiferromagnetically (AF) coupled magnetic recording |layer in a
recording medium Fig. 2A is Bris¢hmetigriohldfsthatyerisd the AF-coupl ed
layer illustrating the orientations of the nonents of the ferronmagnetic
filme at a recorded nmagnetic transition; Fig. 2Bis a giraph of cal cul at ed
magnetic field adbdveltite @ AFITBLPT S6°tigpat ARy of Hhfgrrtifayetnagseioeddy um
as a functi @) ofoupdedmagmekiposreiding fragey aint pansddrddmy wedgum:3 1S a
schematic sectional view of a disk structure illust rﬁti ng the substrate,
under | ayer, the f.|l i.n the AF-coupled |ayer, _and the protective

over coa%/; Fig. Agligs:ngA gRet T E RSt g!rueussitga '§8p°t ore B cebpiad dreswy th the
AF- coupl ed ngyé radfing| e griqutgtiomnsiof ghgotnarnts fsthe ifenatnagneti off idmprator
art | am natedecdsied signsctareansitiospnventional individual single |ayers as
the magnetic layers in the lamnate; and Fig. 6 i; ia schemat i chsectl onal
view of a | am nat.ed di sk structure i th - coupl.e yers as the

i ndi vi dual rragnggtllgc ayer s IPtne F%yn\‘%“t%a %f me ‘%&ﬂ &t DedRYiptPon of the

| nvent i on AFnEgRdeAclavcorel fgsisdr uinYias (SA) reedirgi mf lRaferctiormfd of two
or nore fe&promeghebdcthibh nsronhattranei texehange- coupl ed _ _
antiferromagnetically .(AF) to their Inei ghb(r)]ri ng feLrorragnﬁtl c fil lrr;s by
one or nore nonferro netic _spacer fi. .. Jhis is shown schematically in
Fig. 1 for _a rgggrj d?ﬁl% asycgjrem l_Olcms'a%':et113’%‘1‘51013’1 V\V/\oogfér%(f’%aa?fé‘ﬁtgr?i s 12, 14
separated *ByPHTRGATSITENHGTELRE P 2¥FT nti1B FiThe RoRrerForaglet ayer,
spacer fil apde-het hFetardsse avdrewrposi tion are chosen so that the magnetic
nonents 22, 24 of adjacent filnms 12, 14, respectively, are AF-coupled
through the nor%figrrprmgge&agag@ﬁaﬁ Leehblin 19019%:6?93 2oL ALl L]k L, zero
applied fiel dosu. 1ehe1aAE_rC°%’%|i' ng o ferromagnetic films via a _
nonf erronagneti ¢ transition fetdl spacer filmhas been extensively studied
and described in 5 270CT20% the literature. In general, the exchange
coupling oscill @&igs f iene dcbengrimgsrettiondlovied icfes rpmragnetti Camiralled disk

i ncr easi ngsspagekefddvn EHCKBESSI1 individual single layers as the magnetic

layers in the laminate; and

Fig. 6 is a schematic sectional view of a laminated disgk structure

with AF-coupled layers as the individual magnetic layers in the laminate.

Detailed Description of the Invention

A magnetic recording medium has a recording layér formed of two or
more ferromagnetic films that are exchange-coupled antiferromagnetically
(AF) to their neighboring ferromagnetic films by one or more
nonferromagnetic spacer films. This is shown schematically in Fig. 1 for
a recording layer 10 made up of two ferromagnetic films 12, 14 separated
by a nonferromagnetic spacer film 16. The nonferromagnetic spacer film 16
thickness and composition are chosen so that the magnetic moments 22, 24
of adjacent films 12, 14, respectively, are AF-coupled through the
nonferromagnetic spacer film 16 and are antiparallel in zero applied
fields.

The AF coupling of ferromagnetic films via a nonferromagnetic

transition metal spacer film has been extensively studied and described in



This oscill-atory coupling relationship for 5sel ected material conbi @t )TNz

is described by Parkin et al. in "Oscillations in Exchange Coupling and

‘Magnet-oresi stance in Metallic Superlattice Structures: Co/Ru, Co/Cr and

Fe/Cr", Physy. Rgy ., Yol. 64, p. 2034 (1990). The materi al

conbi nati ong i ncl ude . er'rol\réaa?\ré L Bﬁl’ler’r?‘%ﬁg%e FPUEbingFescifjlatemdromei r

al | oys, such®HEREPEEC (P-BSIfenranimechc winll homkesingmagreti £i15DaeRnbEL M

such as rut Beid wsr{Racorg hroopl ing (&akiofdagi 60 cRWoteli Ml Ad ! b inaE OPPEr -

(Cu) , and theidscalbysy F@%ifach,sUGhH \r@tcg%i'aagi?corrbi nation, the nat PHRE
as

osci | | at or yMaexn%régg?els%ou%I |.nﬂ? relationship has £0° b8 HFEEPAT feupling Apd
al'ready knowr so that -the ‘THICERIESS SHPeRIRES enf EYUcS g e P Ris pacarr hd m

i s sel ect edFt/Grdsshiives - aRev f eertonagmist b€, poupdlangl 3@ Weetet fgt W,
f erromagnet ¢gnbfinh 6FonsThec10QE | RS rSfafsCid 1:af J nds an the ,
nonf er r omagnet,i,¢ ssgl%e%s nRteri gl._,COggg he S#S?gﬁg%e%%ag%" %ﬁasbgljofmq fr&eir
osci | latory_coupling also depends On“thé °f &t r BRAGREF FEroragnatiial srardr £ilms
i nt er f aci al *ual? t V" FHEbdRI| SrramyumniCirt emhodagneéri)e ¢ouplunngrof, copper
ferromagnet i § i #17b thetr bdkevsusetbr Ba@pisiel MaVer -y PEon@ii Al ion, the
magnet or esi@tcantet (rVR) cHaQgO Idipig nheads « § [ onti nuous .magneti zed ant
i ferr onagnat,eah} Yusupled, di gfi?ﬂ ohone aCheAED 18 8 e RS R oy e
coupl ed togethey anti paral F'e uring oper a‘ifi 6h° P E HreoRasRet iThamse et yidd mof
spi n-val ve St FUCT Ures ar& s ertiFearomrgre gaapind ing reetBMmpatentys 5, 408, 377
and 5, 465, f85TomERetigF ipat enfthalescidches @cslIuabir@pdsed ohnti@ny
comer ci al Ingngsnaidrabher ispegrcealnte LR, he@adS ne rgacqg}lé(thaajl@rghggé ed the
anti paral | &Ecpiwt%dyfgefuggmé,ggggg Gebaver haying ferromgnetic films whose
monents ar gLl 'aglixlco%l.te tggether and remai i St Fohary - #tratng™d
operation gf the head. The' fi s °12- 1 E4°Ha 7Rt Hegretdseewonente Mabues of M,
ti and M, "FEOmEBEhEC iRl Y25 tBeealrsd ttherimnmbentypagiiehization M is
expressed &39rtferepbygrets c(GMRMBRtoRBhg UHads ViR UAE; Kf AANLONRINELLS 52 ea
material, el produdiuchialth Scbecadnel | 6o IDREDL. RS ULt area for, a
magneti c | aygs<af cdUeGkPess; b1 Fok, Lhis AF-col i ed Structuré tHedly
orientatiops; of the magnetic nonents 0209 BTt oAdabntert | nEhase time of
respective are ali gned st partdfiFirehngor tepramelsddin a5l rrtenyels) 400, 377
reduce t he®Wagnéft ctStonetite 6¥85t heteambnposicikss hayencitre Thes akr aws, 22, 24
represent €oenerohely eviidabid isphs-velve iondi Mi-dual naRopat i S dorains that are
directly aasveaaarhdiebowang.2BRIHEE;c qg§[9§3\)ﬁ;,mg{ '%Er coupling £ilm16. In
en the

t'he absencgohtan..appki NRgNeL field, ) erronagnat e 1119 14
is deposited onto the ire fum Bs%%(s\tto?%l BT 739 PP iThEGAF iQnyaRYF B9 st ruct ur e
with nmulti p‘Te adj ac nt Yr fhs  bei ng coupl ed together to formindividual
magneti c domains. In the

. J _ The f£ilms 12, 14 have magnetic moment values of Mr, t; and Mn, t,,

E respectively. (Because the remanent magnetization Mr is expressed as the

magnetic moment per unit volume of ferromagnetic material, the product- Mrt

is the magnetic moment per unit area for a -magnetic layer of thickness t.)
For this AF-coupled structure the orientations of the magnetic moments 22
!

24 of adjacent films 12, 14, respectively, are aligned antiparallel and

thus add destructively to reduce the magnetic moment of the composite

layer 10. The arrows 22, 24 represent the moment orientations of

individual magnetic domains that are directly above and below one another
across the AF coupling film 16. In the absence of an applied magnetic
field, when the ferromagnetic film 14 is deposited onto the medium
substrate, it will have a granular structure with hultiple adjacent grains
being coupled together to form individual magnetic domains. In the

absence of an applied magnetic field the moments of these domaing in film
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absence of -an applied magnetic field the nonents of these domains t Zmﬁ
W j 1L17V70 PCT/ GB01/03053 6 2 7 OCT 2006° 14 will be essentially rancIo
‘ori ented. The spacer filmor AF-coupling film16 is then deposited to the
correct thickness directly on ferromagnetic film 14. Next, the second
ferr orragnet14: vflllhni)él-%s'sgnthgpp%'aﬁ@gnlql b Gk Ya OI’]TL%‘IE‘S (EEIC(%U9| I n AL‘I | m
the grains of ferromagnefic film ?row t he OF M ra t f‘ﬁg
with noment. oriéntations that care (Hi‘ i parary é?F’lflﬁ‘etsﬁedJrFGﬁE Ct'a"rl ent ati ons
of ferrondfiermesigtim fidm hat Hext dithectdcyndrossnaghet AF £ coupli pg fil m 16.
The type ofdefperst oamgriet il ynas ehk aAF @Eldpltlh\@ ﬁlhlmCK@esisV@}leU8§aHs o2 of the

f erromagnet { h pat the ne nt in zero
applied fi eqeqrr%hg%mst]lg ¢ ll% %%rﬁoﬁglgp Oli ga%n%écs 6\7\‘/?1“'? i iEp groment ¢ pe

Mt for the"r§tePﬁ?;‘Hﬁné F*éa gPERArbiPawR1lgl tR/rtQ‘et momeyfe, oxienthidng be > M 2 t 2.
Thi s may bée&@emmqtshe@lbylvsthwg arled is@ael f ebfﬁumgnetmcca@gh%bafﬁlml Ret he
two filnms 12, 14. and having t, be greater than t" or the magnetization

(the magnetic nogen roeURL L e, ; rial) of the two ferronmagnetic
films may b tt %réfn%]é Mgsnl EE d"aftfeelraenfm# &FF oHHGART T VAR tal &:fof

de di
the two fil Eﬁ? Wﬁ‘ﬂmé‘g‘ft‘?tg‘c ﬁﬂl"‘§ Showh F6r <BPseiosd ithat steurttumementt Hnazero
singl e spaéeplted hiedd Wit et bpes buk thenmetd.i pFex spacersef ihdw andrigul i ple
f erromagnetire féor mhenErubeutised.qithe H];ngeg L@r Itayeerd@ng) eﬁdbgbowe Igas a
nunber of adyantA0es %51 e I 3 singl e | ayef of

i pﬂsw@%& bifh @M £ zafg’eﬁom%g&ﬁt’o% B‘F%’laﬁédl%tﬂ‘?out

ferr omagnep C pmter |19 v% nent “mag
using ul tra-thin wagheti‘'c®™d 45ers br bFo‘i’/ﬁ-eﬁ'é‘zghéPF‘zaFm oY &h¢ gypgretfiriasiayvoi ds

t he probl edEPBfmASREF HalmOMeRs Pahiuniit ywodmtte ditf fatoutia)) iof wid tivagrdirspinsed o
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film12. The eWHRIRCE t‘hﬁ'r‘snéf“y SeabFIdty of the conposite structure conpared
to a single magnetic |ayer arises because the anisotropy of the grains in
both films 12 aﬂ‘de]Jﬁhg&l’EEMSl]bﬁraﬁEkcﬁﬂﬂbbfdLHBoaé_(U@ls,aq{lxﬁbgpl&% Q%n@QQes over a
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layer in Fig. 1 is compared to a single-layer consisting of only film 12,
for example, the addition of the AF-coupled ferromagnetic film 14 reduces
| the net magnetic moment of the composite structure without decreasing
! either the thickness or the magnetization of film 12.

The enhanced thermal stability of the composite structure compared
to a single magnetic layer arises because the anisotropy of the grains in
both films 12 and 14 are substantially uniaxial, and thus can add
constructively even if the magnetic moments of films 12, 14 are
antiparallel. The resulting stability parameter of the coupled system K,V
is given by Ku,V; \ KuV \ (KwV,+Ku,V,), where Ku,V, and Ku,V, are the
anisotropy energies of typical grains in films 12, 14, respectively. The
upper limit for the composite stability parameter KuV = Ku,V;+Ku,V, will be
achieved for the case when magnetic grains in film 12 and 14 are strongly
coupled and share a common anisotropy axis direction. The magnetic volume
V of the composite structure (layer 10) that determines the thermal

stability will be approximately the sum of the volumes of the
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to dernagnegéﬁggnetizatién field from a transition within the AF—COupled'medium also
. decfeases faster than in the SL medium.

sign of the demagnetization field depends
within the medium.

In addition, the magnitude and

N
"—'.

on the .Y position (see Fig. 2&)
" Thus for certain Y positions within the medium, the

demagnetizatibn field is reduced to zero. Small demagnetization'fields

are desired because theéy can affect other transitions and cause the

transition to demagnetize itself.

- Fig. 3 shows an example structure of conventional CoPtCrB
longitudinal redording-media alloys being used for the ferromagnetic
films. The structure was fabricated using conventional sputter deposition

equipment and processes. The films forming the structure were grown onto

‘& Cr underlayer deposited onto a substrate of a AlMg disk blank with a
nickel-phosphorous (Nip) surface coating,

with the substrate temperature
" at approximately 200 Oc.

The ferromagnetic films are CoPtCrB, with the
top film corresponding to film 12 in Fig. 1 being thicker than the bottom



T PCT/GB01/03058
Fig. 3.shows an exanple structure of conventional CoPtCrB |ongitydi pet 7006
recordi ng nedia all oys being used for the feerromagneti c films. The
‘'structure was fabricated using conventional sputter deposition equipnent
and processes. ‘The films form ng the structure were growmn onto a Cr :
under | ayer déposettieond Gidn Sddrebiinaid 8 isgkepl ank with a .
ni ckel - phosplaggo,y&if(egﬁ__gga‘?ﬁgg fca%eagﬁatfigj:?,t w@lhm%ﬂéisﬁ St ?a{l\g P'érfﬁer?it“ﬁ‘r‘ e
at appr oxi mat e%%/ 200 C.~ The Ter omagné d55% I%E 2t BuCUPrCr fAs witth the top
film correspSARYHy 18¥°F et a2 iEniFiagvantagesyry to hisekergrahara: Rer by P
T/ GBOl / 03058 natke AACCTA00 G rtearmanatic skilid eorichsPand Ao, lilm 1 T,
Fig. 1 (12 npims thickiBss wdlE . er gl,ic_spacer filmis a 0.
film As with, single-l ag@e?e ﬁgg%’? t?’?&? 3 AP ot “eo-arsanst gy pam dn the
ferromagnetic  mat erial Wi HY ottt erriiagndr cthjsasrrarie, lewercdrbesmedi a
noi se. The REFTIFPEIeticckies inasledhosdntditabe AlntddRstidSl essentially o
antiferromaghet ino peald an thbeintasehéd abOf ¥neoyp! gg,g relatio srhi_g., Ii'o?" ti:hi s
exanpl e, eacihdeeREL B, L(;\trerl@gg%rleglgnge-fig?wi ncl uded an'I'f er %cf‘e iy fp £ilms
consisting. 515_ enti allky of | .57, nm 61Tt. SE° tHHE fsirePicnesiqitihmg hed Rine Ru
film These Ultra-Thin b ifi FHenceR GrEhkeromonent e chapl idg. nowendr, bet ween
t he ferronadiétfersopasetdsdexdisagRpoupl irm hie ki idagoh st RRNARS AL ¢
anti f er r omagmebipocnupd ithg. cHaweyeface BNLIf &1 L,¢ exchange coupling
has been denonstrated without incorporat isngr{ ttﬁgs%gglgln EFFETEIFT i st 1St he
CoPt OB ferromagngti c4fsihloms. hFi g .4 shows the major hysteresis |loop (solid
line) and t(l\}e. renanent™ “HYst&r B3] ¥ PoUsretiss Aeeh |(raeld fbasuned taé TEma50nK
for the strUEPUFEE=SFf 199pg (daphieRelime | mgsfireshtt D-3bhe K €BRNGAL sSLELESE S
|l oop, it isFéHt al -neBefdryisatairat imgideeMmenoup)£dr-d ayei N g Resitive
field and thensspphyidg thahr-B66HAS1 NG Leyerse negat ifvglﬁ(i el d an rrea‘_%%?i ng
the remanents no@BLdify LNELayer after the negative el df SHPEprErddingrhe
r emanent |OPP 5.8, plot” of ‘the. emanent  TREMC2 T 9gs thh @ ememgnt tnedentofizt he
reverse field For thi §* SHifpPeItHEe rieivafeint aprldsdshows Mrtmént2lood hE a
remanent coRYUi ¥& tH9 EPERRSSF =Bk Osreandhs' mnIPudt of OO LERREE 3t Ui e,
where S isF& frbasureepleftheheetinepe by tHRws aiRaent | pop at . H = For.
conpar i son, £iz18i 7, LAr Yo 9uAuns L% 0n.si pale Layer of the sane CoPCiB®all oy
has proper td@snef 51 M tgpg%g,'reHr =2. 4 kCe and 027 %at Wl‘?e(fSn? t éfiperatie,
Thus, the AF-coupled fredium alTohs &°8iTni+i c4Rt IpmpoweraMa stwilbely
achi eved with"a “grEafteifot WeTnafidei eameageitcrpiadknesss Referticagoext to
the major AFSTRr¥si F=Fadpkee Fdgs 4. T6he pabm Te@ferabrd Zohal Afs OWs
i ndicate’ ®fFecowpledt atdion afldwsi £ sibnéfilafRONeLi& fiid B LD achieved with a

greater total magnetic layer thickness.

3 -
.- Referring next to the majo: hysteresis loop of Fig. 4, the pairs of
horizoptal arrows indicate the orlentation of tﬁe_ferromégnetic'films iﬁ
thé AF-coupled layer at different points in the hysteresis loop. The

lapplied field is increased in the positive direction (arrows 30, 32).

large applied fields (>3000 0e), the antiferromagnetic“Eoupiing'is .

, | overcome and the moments of the two ferromagnetic £ilms are both parallel
to the applied field (arrows 42, 44). Ag the applied field is féduced
(arrow 34) the moment of the thinner bottom ferromagnetic film reverses

and becomes antiparallel to the moment of the thicker top ferromagnetic

For

.fllm (arrows 52, 54) and to the applied field with a drop in the net
.moment.- This switch occurs roughly at the exchange field felt by the
bottom film (H..=2000 Oe) arising from the coupling across the Ru film.

The value of H, = Jex/M; tg, where_Ju is the antiferromaghetic interface

exchange energy density across the Ru spacer layer and M, and t, are the
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applied field is increased in \ on . i o
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62, 64). ‘“rg‘ghas it fé’riﬁ‘?gacwf‘gtﬁé thenfemt f@frotnh@dwp ﬁl(;ﬁr Qﬂﬁgﬂ@?‘*ﬁf Id&‘ggl%cxsze =

det er mi negh%fﬁgeg@;ﬁqnfg?1d|oélthe céptﬂ&EIJM%gﬁgﬁﬂg @gld, nguﬁ?ﬁg %ﬂolgkeractl
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the AF- cof IR 1P A Sthe peatiteay grede (£@omaink fdrfanbh s‘lgﬁté t*‘ﬁ?ﬁﬂvgpgftp}sg)the

st ruct ur etbéhavnette rexpeot ectare i terbield, ofq) thezéﬁ'@ qushy %n i lLeerggélta Femanent

pat hway tsetege #Hafa @AE doRFRNERE Slal &, _(f@%rﬁs?\{rart\%caipéairé?l 1 (arrows 62, 64).

state (arfﬁ\% %%co?xé):ag:o%§ Jltﬁhlc‘:gl.lf{g.gdasntrlugtlies used in spin-valve GMR -
' recording heads, the moments of the ferromagnetic films in the medium
according to the present invention are not rigidly coupled together across

. .the AF-coupling film because the coupling must be overcome to write on
the medium. The hysteresis loop of Fig.

- an AF-coupled layer

4 exhibits the desired feature of

. i.e., a low remanent magnetization relative to the
saturation magnetization.

Recording performance tests on the AF-coupled layer were rerformed

using a conventional longitudinal recording head. Signal to noise ratio

measurements determined a media S.NR of 31.9 dB at 9500 flux changes per

millimeter (fc/mm), where So is the isolated pulse amplitude and N is the

integrated media noise at 9500 fc/mm recording density. -These results

demonstrate the viability of AF-coupled magnetic layers for data storage.
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state where the nonents of the two filns are parallel (arrows 62, @4)0LT 2006
Thus, in contrast to AF-coupl ed structurest®used in spin-val ve GWR
‘recordi ng heads, the nonments of the ferromagnetic filns in the nmedium
according to the present invention are not rigidly coupl ed toget her across

the AF-coupling fhd mrbesasise $éﬁaC%BL:HﬂQ:{ @yséhebﬁré)s %10 WE"aé €90 the
medi um Thekf h‘%sterem exhibits t eS|r ure %of° an

s |lo
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_saturat i on Hegifet ¥ it rof. vikbewr dingrpbefiofatncatessStcs Divethe o8- compl ed

| ayer wer e @ernoeraethrrusidi@tac ¢onwent i onal | ongi tudi nal recordi ng head.
Signal to noise ratio nmeasurements determned a media SONR of 31.9 d$ at
9500 f 1 ux chanes (1f c/ m’r) where S. is the isolated pul se
anpl i tude atfo ’ H-e e e d tse at 9500 fc/mmrecording
density. These results dermnstrate the viability of AF-coupled -magnetic
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denonstrated for structu i 1ot %o
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CoCr Pt Ta f éfr Shagmetihetd.i | ibd. Eard rasta@cmbbdi @fwh tdonAdntaedpl admlayess

Lﬂ.m nat ed lﬂ“ﬁﬁﬁeﬁidl ré@ﬁﬂflﬂbﬁ@adﬂ&ﬁlhaqer@ﬁ‘SQqe Qrﬂlgtjggld Q%@&E&Q@dﬂ9§95' bﬁd in
the previously,cide pal.e so .been fabricate

AF-coupl ed (A % Ets gér%ggés%l g‘%addwtj oa\e/le%a S he ?aﬁﬁlr\slﬁ 1% ’ @ﬁlét“*lléhlaayers
in the | am'nate lch“émerg (gen vBthévae Cfolrd - cBh%nFW%r?&FgIP%P@tléders are

- .magnetic ré&BF’Eﬁtﬁg‘ hedt aarftrereignet e spagnretlpger e6or ding dapesit30structure

‘conpri ses aes|eastal woct Enelirei disal a nBGREEYG Layaiase 32, (r34,ca88CH Wi th a
magneti ¢ meRBMdnacR6A i{nlws.lﬂrb%agss‘%fneMtthlat é’f{ﬁeEQ&o\NQ Q:Ilghjﬁ%relrg alvayt [s aré

separated py. nferro ae|cs cer |ayer i's Co te structare
has a tot alggl\}rgoﬂ(g %’M ez g : ayercl am H‘é‘feer f"'Fo‘tS BHdED fhe E5{Heafat i on

it will be ’é\%sﬁﬂféat’t‘?fattha'f |leEerrreeﬁa@ﬁ%PW%gWEéy@rr@thax/@strh@f amesed, in which
conposi ti oRassghehbet N mpgnethe amet Wdoh@\wer gitdn bg M thi-nuihg sGopee of

t he i nvent soruddhat ¢l fefigrenty ferromagnetic materials may be used, in which
case the total magnetic nmonent woul d be given by M, t, + M, t2 for the

structure of Fig ammag\é\éla nat ed di a_using the AFC | ayers is
depi ct ed SChEITB.PI ca“i "C6 1 01" 189 P LRTUreYHit Be ST ARE | ayers and

one nonf ef FEGHEIHY %ﬁa%lé’r *fgafy’éra stpuetiee| wiim sve dFAFG ey rerdi enanedi a of

nonferromagnetic spacer layer. In the laminated AFC magnetic media of
Fig. 6, the magnetic recording layer 30° comprises AFC layers 32!, 34!
separated by nonferromagnetic spacer layer 36'. The individual AFC layers
o 32', 34' replace the cor;esponding magnetic layers 32, 34 (Fig. 5). Each
i f AFC layer 32', 34' is made up to two filme (42, 44 and 52, 54,
respectively) antiferromagnetically coupled by antiferromagnétically
coupling films (46, 56, respectively) such that the net Mrt of each AFC
layer is given by Mrt,-Mrt,. This allows control of the Mrt independent of
either Mr or t. As explained above for the non-laminated AFC media,
thermally stable, low Mrt magnetic media can be obtained. In the new
laminated structure, as depicted in Fig. 6, the composite Mrt is
2% (Mrt,-Mrt,) . By changing the relative magnitude of Mrt, and Mrt,, the Mrt
of the composite laminated structure can be tuned without suffering
thermal instabilities. Therefore, thermally stable, low-Mrt laminated
media can be obtained. of course, while only two AFC layers are depicted
in Fig. 6, the laminated AFC media of the present invention may have three
or more AFC layers, with nonferromagnetic spacer layers located between

neighboring AFC layers.
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34' | respert VE?WWP@%CAHMDBWSlaEH@efrdS’tﬂ)ffEEde’m@@iBegﬂ@tch spacer | ayer
36' was al=e:iRerrdutnsiitch.idi ckaessess srpaegf ngyEs Qmé&eEQ 48, A4 D, Lhe

cited

| am nat ed Ag@ nd, cfd@ ngnferr g el sép &er er 36" betwe t he
two AFC | aygr, ﬁﬁ% 34 s sel ec%gg Qgé‘% et ® P al)if’?’ofrflﬂﬁdhatdh?ckness so

that there is n%sssfjan%ofl cant® FarFontiyhst |l€ "tﬁ"ll %Fﬁ{t’?d fady r drkaghatlec coupl i ng
bet ween t HEXT ROFBGf 5¢ it 2PEriesreRpveet ko frEmmodcouahithbBeakFon &ROWN

mat eri al s osrhlatvirekresdiod dubee Spacercd.@yatr,36' 168N dRerod-gadidy « fekergined
because i Rul, Sa kfi0WA1 FrRBE IR 208€ IthhATQLY oL QHRLI NG o CUIT VE; L hoW the exchange

coupling esecit!ales.fry ;1.0 netic to antiferromagnetic vmelyﬁ i NCreasi ng
spacer |ayer thick ne;slgglg%ﬂteeL g;gaa‘g{t 8 - f2§§°lqgf‘e?ﬁ’ THELENT SPEERr 1Fi 1 m

bet ween thef¥1c1e€b ?lagﬁu?ﬁlnﬁss*ﬁgafkfant ferromagnetlc or antiferromagnetic
coupling. This requirement for the spacer layer is in direct contrast to

the requirement for the antiferromagnetic coupling films 46, 56, each of
Ty which is selected to have a thickness and composition corresponding to the

first antiferromagnetic peak of the oscillatory coupling curve.

The AFC layers in both the laminated and non-laminated AFC media
structures were desigmed to have an Mrt=Mrtl-Mrt2=0.20 memu/cm®*. The
laminated AFC media with two individual AFC layers (Fig. 6) thus had a
total Mrt=0.40 memu/cm’. The conventional media with a single CoPtCrB
layer was fabricated to have Mrt = 0.38 memu/cm’. The measured SNR for

these structures is shown in Table 1 (glass substrates) and Table 2 (metal
substrates) below:
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t hi ckness of 40 A or greater, which is well,beyond any det ect abl e 27 OCT 2006
- ferromagnetic or antiferromagnetic exchange coupling peak on the

‘oscil l'atory coupling curve. For Co62Pt10Cr; 2B6 alloy ferromagnetic fil ns
and Ru, a Ru thickness greater than approxinately 10 A, which is beyond
the first antiferromagnetic peak on theraaseill atory coupling curve, is
sufficient to assure no significant ferromagnetic or anti ferromagnetic
coupling. This requirement for the spacer layer is in direct contrast to
the requirement for the antiferrona§ftsscSesipriasy films 46, 56, each of
which is selected to have a thickness and conposition corresponding to the
first antiferromagnetic peak of the oscillatory coupling curve. The AFC
layers in both the |aninated and non- Ianlnated AFC nedia structures were

desi gned t gffrave amm Mt =M tT -Vt 2=0. 20 nendf c e Fre BFFFeee=ARC=hea=a
with two infividual AFC I%V@Pg (Flg 6) thu t =@edf@ SNR
nmenmu/ cm . S Qg ar=Yall alv e

fabr i cat ed || ooee Mibvee0ud® DEHLCIDe.The| Measuy Te1 SR Tpr—h

structures {l.s shown in Table 1 (qlass substyates) and Tablje 2 (netal
substrat es)|l RehOWmikatedd 4 2 7 OCT 2006 Table 1 (@ ass Substr at e5). SAVPLE
Mt Media (memu/cn?) (dB) _mmw~ CoPt Cr|B conventi onal S|ngle]Iayer 0. §8
32.3 Non- l{aakhaleds AkG/ 0> & g@TQacg@ninated AFC/ 12 Ru spacer 0,4733.3
Lam nat ed C/24 CE Ru spacer 0.4 33.3 Lanjinated AFC/ 48 (QE Ru spacer 0.4
33.2 Tabl gt ZadiMatad »Pubst GakeShaSAMPLE M t) Medi a, SNR (msrru/c édB)

. Non-l am nafjled AFC 0.24 32.4 |lam nated AFC/|12 CE Ru spacer

Lam nat ed AFCGI2i4aCE Récgpages, Qp§38134 8 Lam nateg AFC/ 36 CE Ru 333p cer
34.9 For bath.sets of disks a 1-2 dB inprovenent in SNR i g achieved for tfpe

Table 2

(Metal Substrates)

SAMPLE Mrt Media SNR
(memu/cm?) (dB)
4 'Non-laﬁinated AFe | ” 0.24 32.4 ,
 Laminated AFC/12 @ Ru spacer 0.4 34.6
Laminated AFC/24 G Ru spacer _ 0:39 34.8 '
Laminated AFC/36 € Ru spacer 0.4 34.9 ]

For both sets of disks a 1-2 dB improvement in SNR is achieved for the
laminated media compared to the non-laminated AFC media and the

conventional single layer media.



| am nated nedia conpared to the non-lam nated AFC nmedi a and the 27 OCT 2006
- conventional single layer nmedia. 13 2 7 OCT 2005 CLAIMS 1. A nmagnetic
recordi ng medi um conprising: a substrate; a magnetic recording |ayer (30")
on the substrate and conmprising first (34') and second (32')
antiferromagnetically-coupled (AFC) | ay&€E3TMs8and a nonferronmagneti c spacer

| ayer (36') separating the two AFC | ayers, each AFC | ayer conprising a
first ferreomagp 4 S ferromagnetic film (42, 52)
and an anti ferrgﬁrfg)éﬁteit% %éé;‘/alggur}\ %1%8 ‘?Qr@@gs’(n% 56) | ocated between the
first and secohdFrfirend havi ng a thickness and conposition sufficient
to provide anti af exanchbgrrecprdioguphyang (86 )t he tiki saistance sagaRMpfiding, the

nonf er r omagneid G3spacea da¥8E ke vgadt%&x%q\ag&%&\é@ﬁ& EF‘%SQC&% yHilmof the

first AFC er fiahst film second er an halnga
t hi ckness ‘Jggad/ CS%‘E%&’%Q“% T “f‘f‘c’pglc%rnﬁaty%r (ﬁfe{/é;ﬁ?a’é?ﬁn?li;}}ﬁ Fre R levapti ng

bet ween t &2 EeBNd FEF TP ifed prSirsAFErrPagaetandihe (44, r 34) ,f b | sacedda t he
second AFCGd4rxpepgnexic ALimmdi(em &) cdrai aﬁchmtnf@ﬂzamﬂ@rﬂetfiuﬁﬂ}eﬁo@@mIfémg a
third AFC tsyets) andacesseondkinent efiomgneLi s sp. : [

i ) paPpen ‘deagg Tt d%tﬁ’ﬁe FiSst

bet ween t J Su l5041)enf the §lecond AFC [ ayer
film of t%f%?ﬁ%éjs ftu”m 7 g 9% ?‘ﬁtilfﬁﬁ’éoé‘?gﬁﬁ‘d‘ S‘Pfﬁdé’i“i iognthe

suf ficient ’trﬁtp?’éc{/ésﬁ’fo%?n)‘;ll“ésl gﬁf‘f|’t?§ﬁ?rr°6‘6€|‘?ﬂqlﬁgsﬂ?e?ﬁv\e@rrerH@lsecl@ndtefd | m of
t he secondsARE=t dyer seavaid fhen PErgte fitam ofc tihget hinaduAFEi tay elim 3¢ e
medi um as sHcahfedtd Daydrakh ihawhey el Iahla%eéb ra%h «E&Jprogﬁ@l%egﬁéhﬁlén@ %44) of

1 he first ﬁFCeL@)é%& 4%4&1} Qﬂﬁ gox%}_n.l ﬁgr}}?% '&E& ﬁeco@gﬁgél?}a'{t%%:}dkﬁ%ﬁct 2

second ferronmagnet | ayer
and a ragnet| zat| |dt)ng‘i\/fjlr5ndf ﬁ}?e?ﬁltﬁe Ti"éoﬁﬁdﬁ’é:t ?%Y%rrents per unit area (M
x tl) and (M2 x t2) of the first and second ferromagnetic f -~ filnms of the

first AFCZ.-ayer nedospectdlvenyd iar eldinf f enpRhed rcamg,ﬂ@@ng aneLher AFél 1aferedi um
as cl ai mednina cleabm 3onRerainsthe f brat, (# eraﬂéjcd%gg wkd2hne | e”omig“e“ c

Seco

filnms of t fd ARG Lay, 32 for sane . mat er
wher ei n tl(lgg) o Sthe'rbé'g% L? AeErC :) (%e’ um a 1r€| af’r?éfbof (Fhe| YR PRRher ei n

the first 043 aé‘ﬁdh%"éé%na t(*‘&?b‘“ﬁﬁf F‘P%r?ﬁ@?u%‘it%témf iSufEicient Heo Pievent ARG | ayer
(32') areStErHEE2BE WP EreREtveRRt £hé slesomhdiheretine tskcantatd 1ay€r and
subst ant i gbkyfidse sameot hitekaessi abc 1Aysedium as clained in claim1 wherein
the antiferromagnetically

3. A medium as claimed ih claim.1 wherein the first ferromagnetic film

(44) of the first AFC layer (34') has a thickness tl and a magnetlzatlon

M1, the second ferromagnetic film (42) of the first AFC layer has a
thickness t2 and a magnetization M2, and wherein the magnetic moments per
unit area (ML x tl) and (M2 x t2) of the first and second ferromagnetic
films of the first AFC layer, respectively, are different from one

another.

1)

4. A medium as claimed in claim 3 wherein the first (44) and second (42)
ferromagnetic films of the first AFC layer (32'}) are formed of the same

material, and wherein tl1 is different from t2.

5. A medium as claimed in claim 3 wherein the first {44) and second (42)
ferromagnetic films of the first AFC layer (32') are formed of different

materials and wherein t1 and t2 are substantially the same thickness.

6. A medium as claimed in claim 1 wherein the antiferromagnetically

coupling film (46, 56) of one of the AFC layers is formed of a material



SeTotaye: 4e tebldary 2(02
caupl i ng f|Im(46 56) of orte of the AFC | ayers is formed of a matepiy CT 7006
..-..,aarc. .L:.7~cLJL Uc ry LO02 j - 270CTM 14 selected fromthé group
‘consi sting of ruthenium (Ru), chromium (Cr), rhodium (Rh), iridium((Ir),
copper (Cu), and their alloys. 7. A nediumas clained in claim1 wherein
the first (44) and second (42) ferromagnetic filnms of each of the AFC
layers (34' Se32tedafermifie BPuR comat Eiingl ok elebermidnf (o, t berogi oupCr),
consi sting ohooﬁom fFeh) Niridingd thei rcopplelkoys), 8andAthed UM &ss cl ai med in
claiml wherein the first ferromagnetic film (44, 54) of one of the AFC
(34", 32') I,aye};s |dncl udes an |nt erface film consisting essentially of
cobalt |ocafed At Fhe" it 6r1Acs OF CHAd fi PRT cifettokbbiet P& FnRnseaadt He2)
ant i ferronaﬁ%’éftof"é%’l“ftyccéhlﬂ‘lsl oG kP mi( 48 A56) layeds Mapdi2um a shad BEdai N
cl ai m 1 whernatiemit hesedecond rf@r roaBGRAD | i btang( 42,cc52)e Ofv; ONgOfdhe AFC
| ayers (34'a21132s) includes an interface film -consisting essentially of
cobalt located at the interface of the second ferronagnetic filmand the
antiferromagnetically coupling film (46, 56). 10. A nmediumas clained in
claim 1 further® B6HPH &F g 2ancdirideriadyel “Mepett dde ofi ishefsubsiarat ec bstimeen
t he substratdd. ai) tlicomreaghethiecAF@don di nap ')l ayedrs( 30c1ulids abhenfBd: v Qfi

claim1 furcrohersﬁ&qpéisihagalaypé@tc%ssit\/QoQé/@JdCQ@tLJeorHPeqfaQQ/%r %ﬁe fTRgnheti ¢
fur

recor di ng |f@y%ma(g§9t)c 12 AT Y i x?t%rromatgﬁetlcabsgrgcgtug’] 1in ‘{jffh% ‘Hagmti-c

conprising: an underl ayer I°0cat ed ween e su

recordi ng | ayer (30"); and wherein: said first (44, 54) and second (42,
52) f er r ondgnefi tedivinas sleinredénr Bfim cebatainathopecant fsaicthagnetic film
_antiferromaghetize coupkiog thelanc( B&yersi s3ampde of ik 1iBéLlhalnesebact-ed, from
t he group t&ddiuding Js@Erk@QhUWo(fRHabalQh_[Mtgmét he 1angf'LgQ othhL. selcroI I um

( I I') Coppgérr(ogéznéﬂlq }pﬁnl L n@éhgyant.uerroax 3“Etl°nhg§sﬁgjﬁgjgﬁq‘$gﬁg3‘néf? c 5§b§cer

further conprising a third AFC | ayer secon

| ayer | ocated between the -second film (42) of the second AFC | ayer and the
first film?of? (e PhiPFdoREECY dyerlaird2’ §urahdr havbnipiast i ckoesisyand
conposi ti okrztkfiwi eht twspraventtwany tiei g Stireantanaoup nbghdetWasn &
second filmyet tie4second AFC |l ayer and the first filmof the third AFC

| ayer.

11. The medlum of claim 1 further comprising a protectlve overcoat formed
over the magnetic recording layer (30°').

12. A medium as claimed in claim 1 further comprising:

an underlgyer located between the substrate and the magnetic
recording layer (30‘); and

/) wherein: '

said first (44, $4) and second (42, 52) ferromagnetic films are made
of a cobalt alloy; and

said antiferromagnetic coupling film (36") is made of a material
selected from the group including rutbhenium (Ru), chromium (Cr), rhodium

(Rh), iridium (Ir), copper (Cu) and their alloys.

13. A medium as claimed in claim 12 further comprising a third AFC layer
and a second nonferromagnetic spacer layer located between the second film
(42) of the second AFC layer and the first film of the third AFC layer
(32") and having a thickness and composition sufficient to prevent any
significant coupling between the second film of ﬁh—e second AFC layer and
the first film of the third AFC layer.

4 : AMENAEN CLICET 4 m A N



M A L'cuLuar"-/ 3002
nahcr\incn -cuccT _.. .. y ~ . . ~JL Uar/ 2002 is 270CT1 ' 14. A tzqdb
claimed in claim 12 wherein the first ferropmgnetic film (54) of the fi
"AFC | ayer (34') has a thickness tl and a nagnetization M, the second
ferromagnetic film (52) of the first AFC layer has a thickness t2 and a
magneti zatiop M2, and wherein the magnetic nonents per unit area (ML x tl)
and (M2 x t2)"of & RBIHYT 8¢ id™eConB &y Lontigaetn ¢hef finss Ofrrbhagdeitists ARC
layer, respettfilvef theafersdi Af@rlener f(3em one aamatkesss 5.andl FBHEHR BS¢t;on
claimed in alai ehd4evbed Gehrdd@nbi IStei (54)s z¢ () ferromagnetic
films of thephirsts AEC Jn%ygrmf(?g'm)l,_ re fm%\r;ngfd]doofsegﬁer}qrgarﬁe%nﬁ?yéﬁ i Sand
wherein tl is different  fromt2. 16. . °A‘fedt thnAS  HiaF M d MRENQdig] PAMEALS per
wher ei n t he WitF st 554! &nllse@gnH2 ¢593) fér ehembgmet iaod f4domsd ofert drea gk £ 5&
AFC | ayer (34lys arfethorfiedt ffC i fefrer erdpenti @iy al & ca80r shehr€i ot | oand t 2
are substanthatder.the sanme thickness. 17.. A nediumas clainmed in claim12
wherein the first ferromagnetic film (54, 44) of one of the AFC | ayers
(34", 32') ipcludes an interface film consisting essentially of cobalt
. locat ed at % e i NTEFEYEESof L AHEIf i stain dfr Wiraghettine £itan aft) the second -
ant i f err oma@greet ifearimpaceus £agns o niHe365)st A8C JAyERd|iMM as-Ckaid®dof nrel ai m
12 wherei n the secondlf efdmconegnehi €1 filsl M reDnt 420 0f2 ONe of the AFC | ayers
(34", 32') includes an interface film consisting essentially of cobalt
located at {he interface of the second ferromagnetic filmand the
anti f err omagret i_.c.af?y coupl TG T it nT138 39 vherein thamapRf | {31) QWZPFcdrst no
- NN } ferromagnetic films of the first AFC layer (34') are formed of

T different materials and wherein tl and t2 are substantially the same

thickness.

17. A medium es claimed in claim 12 wherein the first ferromagnetic f£ilm
(54, 44) of one of the AFC layers (34', 32') includes an interface film
consisting essentially of cobalt located at the interface of the first

ferromagnetic film and the antiferromagnetically coupling film (36').

18. A medium as claimed in claim 12 wherein the second ferromagnetic f£ilm
(52, 42) of one of the AFC layers (34', 32') includes an interface film
cons;sting essentially of coballt located at the interface of Lhe second
ferromagnetic film and the antiferromagnetically coupling film (36').
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