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*167167* d of the Invention This invention relates generally to
magnetic recording media, and nore particularly to thermally stablZd Ak BIDS
density nedia. Background of the Invention Conventional magnetic recording
medi a, such as the nmagnetlAYINATER OMARNAHIEIRFKSRYINChERIAdI sk drives, typically
use a granwtar—ferromagnetic | ayer, such as a sputter-deposited

cobal t-platinum ( CoPt al l oy, as the recordi ng medium Each magneti zed
domain in H“‘ﬂ“MEwuﬂm | ayer is conprised of nany smal| magnetic grains.
The transi magneti zed donmains represent the "bits" of the
recorded data.*47BM s US patents, 4,,789. 393 nPi;af3, 173 describe this type
of conventional rigid disk. As r‘fre*mr‘a‘g‘eﬁg%m of magnetic recording
di sks has increased, the product of the remanent magnetization M (the
magnet i ¢ nonment Thipednumitiion vallahes genéwrlipnagnedrietinatearirdlyg andig hend
magnetic | ayer pbhiickngss tohasrmaegr sasad. nSnmhdaiky, mddig. coercive field or
coercivity (Hc§3 of the magnetic |ayer has increased. This has led to a
decrease in the ratio Mt/H . To achl eve the reduction in Mt, the
t hi ckness t of the magnetic =2t only toa limt
because the layer will exhibit increasing rragnetl c decay, which has been
attributed to tBetEaliaGhi ¥aiHd-05c I@Eomglmmgnegdcﬁ £ ahBSnddnbe:

super par a n ef.fect, erymal . stabil of a magnetic gralh isto
;r?%nt@éia&%elsks é% %Kvlh{ drl es, E S ltL gur&

a large e rmne e ‘magnét i c anlsotro%/
constant oftHE¥RGFeF ]éﬁ’&rv 9Pt e vﬁ?‘ifﬁﬁro‘?epoﬂfe‘:dnﬁ rRlafiarh. | ﬁg Y he
| ayer thickileys s tdecreasasethy Wedieur eapeb. mddnetijed fianpemn thitdknesmetsct 0o
thin, the siyereds mmgpeided bNf@AAPBIMa@D Mighkt 110 grd GRYErTHee t sdrahk eort LBOTIER]

di sk dri vem%q@&@é@qomml Lé@@éenmﬁeaﬁmgaqn L t0e.50luUELQN Ofpt R §s
problemis to _nove ani_so material (hi K wever,

the increa®esh° K 789 magecf B9 t'Re eif@?f{]fe Wt PR 8?‘6‘71\?3%’§F1I-Ir19%/ﬁ1l ch
i s appr oxi feittel y equal to K'/M, becones too great to be witten by a
conventional recording head. A simlar approach is to reduce the M of the
magnetic |ayer £orend fixede dayety LRI &kResss bid-dihl Sailsksah80:hiyd.ted, by

the coerciyid grgaﬂ& gan e WLLhi 6N ANQLPEL, SOlMLT QN .8 L Q. 05l gase, t he

i ntergranul

%xme of egromagnetlc material) and the magnetic layer thickness t has
decreased. Similarly, the coercive field or coercivity (H.) of the
magnetic layer has increased. This has led to a decrease in the ratio
Mrt/H.. To achieve 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 magnétic grains (the superparamagnetic effect). The thermal
stability of a magnetic grain is Eé a large extent determined by K,V, where
o 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. A
similar approach is to reduce the Mr of the magmetic layer for a fixed
layer thickness, but this is also limited by the coercivity that can be
written. 2Another solution is to increase the intergranular exchange, so

that the effective magnetic volume V of the magnetic grains is increased.
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that the effective nmagnetic volune V of the magnetic grains is increased.
“*@00002* WOWERANBOH8 PCT/ GB01/ 03058 2 0 JAN 1005 2 However, PTGBEpPIBach
‘has been shown to be deleterious to the intrinsic signal -t 0- noi se 2@t JAN 2005
(SNR) of the magnetic layer. GB Patent Application 2355018 disclosures a
magnetic recording nmedia wth anti-ferronmagnetically coupled ferromagnetic
films as the recording |ayer. Magnetic recording nedia with high intrinsic
SNR (1 ow i nickibnsi, Ceni®dbg daeh Seds bgerd%ﬁbml%eb@%@y&enbaslt% well; kpoywn dn

nmet al aIon rredi e-intrinsic nedia nolse
i ncreases wi th ?ﬁc?oelasglrnaah gltR r%ecor dmaﬁﬁe'él PYY " Medi a noise arises

from irregularities in the rragnetl c transitions and results in random
shifts of the rosadback sipghedtipeakmsoThetecI anden  hiabhst iar eecfaehg el atig

s, "peak jJithedntiOferrbh emahqg,"coulzhgé éekgaﬁagngﬁpa 300k S& lcﬁ?d[%cspd hLgher
bit error rates. It is therefore desirable to devel op a thi

al | oy rragnef'l ¢ media that generates noise bel ow a maxi mum acceptable | eveI
so that data can be recorded at maxi mumlinear density. It is known that
substantial Iy i mpuosed ShRreafny bedachievedghyidephac BYR askNghe-iRBGNEt i C

llayer W thalam-naleds npgnetic bayslseofc tl\é’owéﬁ' kndWR Q% é&%ﬁ‘ré‘ﬁ% Magigti c
| ayers that_ 22L& Ba%tedéﬁpart bayt an nlonmi netic spacer | ayer 4
di scovery was Boert, e me‘dﬁédﬁ%’t CoN"Gi*2REYI G tRoi se i n

Thin Film I\"VE‘F’éE’r’aSWé%h ) E&ﬁ?lf?&flﬁo??MSlFEEEMﬁrtﬁﬂahélamq andsem tvbneti cs, Vol .
26, No. 5, iSeptwabetrie:990 thpprad?é0ts 278 itamtk subseguens |ijn pateint egh At of

IBMs U.S. taatmabéc;oéigr&aspeﬁm raduet £ 080k nsHTRdL aarla%é@e&xdlmpayegﬁ I's
believed dug.t9.a, ﬂept%g l@gﬂgf the B ]gge%l C‘Td nter%%t &on or %anngn
e

'fcoupl ing bétween t netrc ayers I n

| am nat i on SFb?* 8F % rIE:d’L?cH‘%’"r?fH% Faerridst ehsicvelsp &t %queél%‘b el 2l Rhey
favorabl e gpaesric|lpgiep Hattegérmrstes mol srlibagoCra, m&rMunMacapdaRE langl spacer
| ayer thicknessesa danOBe Seb6rdt@0at ,makbiaim hesal:t abhsithe bast sdecoupldRg of

the magnet isGndayer sy LhySykhes,] Quest,; pedi @, nol 5¢.; Jhi.s work has been
reported |r§paper§ bj %Mg L\/UrN dock, et 11 ynpéj ?Blbggra |Slensglof Q

—— g Tl £}

el
Mul til ayer €8 Co- AT o\ *%“‘ﬁef‘l‘é"R‘éEo*r‘dfﬁ@C I\/é‘dl“éf"“ PEEETTr S8t 9GHRic
Magnetl cs, TORTIS b8Pt Rﬁe sgacs%ﬁpéﬁ’bé}y i@gﬁanﬁfEtch(HB’aE?’OE‘-aYAr Mfrayama, et
al., "Int eldpawlerEm:aha'n@F BoUpl EngldmheBp/ € /<30  Doesluet 1y ef etk dRecwridiengn

Thin Film Metal Media by Lamination”, IEEE Transactions on Magnetics, Vol.
26, No. 5, Septemnber 1990, pp. 2706-2709, and subseguently patented in
IBM's U.S. patent 5,051,288. The reduction in media noise 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, including Cr, CrV, Mo and Ru, and spacer
f ) layer thicknesses, from 5 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 Magnetic Recording Media”, IEEE Transactions on
Magnetics, Vol. 26, No. 5, September 1990, pp. 2700-270S5; 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. 5064-5066; and
S. E. Lambert, et al., “Laminated Media Noise for High Density Récording”,
IEEE Transactions on Magnetics, Vol. 23, No. 1, January 1993,
pp. 223-225. 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 MagnetiéS,.Vol.

28, No. 6, November 1993, pp. 3679-32681, describe a laminated low-noise



Fil'ms St udiweslodmpoBpi n-Wave Brillouin Scattering", |EEE Tr ansp%q{/d;g(n%agﬁ
Magnetics, Vol. 27, No. 6, Novenber 1991, pp. 5064-5066; and S. }_61nbert
et al., "Laminated Media Noise for High Density Recording" | EEE JAN 2005
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 at al., "Flash Chrom um
I nterlayer r f ar.man Ge D|sk h Superi or N0|se and Coercivity
Squar enessdIé}(r ItEtLEQ'IQrsg%sa%tlftc)%ns on° V\%Jltlglstha\?ofs thigk eyeuak tonsediftsekhe
1993, pp. %’BC'}@“%%S’f“PH’é%PFB‘éE%‘ F‘a?ntﬁat'@@nﬁm Aavse WO 02/ D8098te but is
PCT/ GBO1/ 0805818 t2af JANtRO0Gdtiesk: thatrsuses @t Ob15&eBE1 IRUQLS e d i | M t hat
is thick enough to reduce the exchange coupling between the two nagnetic
layers in the |gmnnate blél 4 SO tthln that, the two nmagnetic |ayers are not
physi cal | y separ at ‘ed” MWASE |%s FE&YEd i o ragimet Med e tbrdivhy! mvebart arywi | |
support vePyE? AFHH tHeTRICEGine co d rrgtwmlhe goetiatiringl goedilher e sskability
and SIQR  Disclosure of the Invention The invention is a nagnetic
recordi ng medi um wherein the npgnatlg. LGQLAing Layer is at |east two
ferromagnetic filns antlferronmmﬂy*fﬁgﬁwuﬁ ed together across a
nonf erromagneti ¢ spacer film Because the nmagnetic nonents of the two
anti f er r omagnet TR€af PYRRES6P| & of Pegpst i ecoridnt etkddnti parald ehe ihpene
remanent meegredimat ion- tihi sknesst pvodiGtonddMet Jc Qfll%bean@ﬁéyr%glg]et@%ﬂhj S
the differ emecddmta@ecdgtekhé/»alalé@éssof rtct}a%er}é’éﬁ L@rflrco”ggc”et %h Beaat che

[ [

reduction j c bh8ndgsonpl i shed ut a reduct
stability o a% the rec%l(r% di nrrP trﬁedl lﬁ% ;écfgﬁ%matgﬁét“if‘(}llk’ln%%?d tfﬁé‘“f;ra&lens inthe

antiferr orﬁardﬁ%"t‘?dcéPHPaEBh ed Rt 1998 ERignertons grardER vielny t Hivgmeed istmiuce - | - SO
, <<i uCa. ™¢t) fhahperecragiiet Leydr ansitei esertmhen anhi avedanidd Jredyced
denmagnet | zabi e rbinebris.icr et i ngulsnreaaulatﬂJ?«el:n pJIltn%rac@&Lpl%Hesé t\AXtIzor the

medi um Imegngl%gb ien 1.C or medi um conpri ses
f err omagnes ;g ;2D R Ehéﬁ%l s Fget recogdh’fgf &F ’d‘é‘bB%‘F"t”@G E?EfPt CrB

fi Ogsﬁh eacaln ranalar, fi E
al l oy, separ at ed FacBr 9 F’Pﬁlﬁéﬁoﬁiﬁgn%ﬂt"ﬁ txrresslado fhdmel miize t he
ant i f er r orfi@gnet: i“&llé%é"hanﬁ’-ée 6Pt ngcberwden mtdre shawpCoRtdEeB: § ithaBsi Qag s0f
the ferroreghetdcbifidarsitis madeed BbeioE:r i =han the1 e hebsuiRuhs the s nigner
t hi cknessagnaie behaser:6p dhratnd hganst ”ﬁﬂ%ﬂé dufoa ZARhQ daolm!aed magnetic

field is |.Qup-dY r Qymol i) qungoe netic recor TI%9y6r of the
present inyenti 05 M%ﬁ & p'E F 3 fu@r?malgn%g GhRetTt FRfhe Sramar £ilm

Q |

antiferr omagnestp R R eE%Tfﬁlegdco%tSQ’éta&éPy aéFB%Tsat&dn@hfaeW oragretiitn Spaces

fil m can ab ES%§Ot ﬁ@\lmlze the antiferromagnetic exchange coupling between
the two CoPtCrB films. One of the ferromagnetic films is made thicker

than the other, but the thicknesses are chosen so that the net moment in

zero applied magnetic field is low, but nonzero.

. 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
individual 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.



i ndi vidual magnetic layers in the | am nated nedi um described in the
"above-citedVO98®%ht ent to produce a mediumwith both t her maPCEEGBBINI0RS
‘and low intrinsic media noise. For a fuller understanding of the ?m@rNelﬂﬁ?d
advant ages of the present invention, reférence should be nmade to

followi ng detailed description taken together with the acconpanying
figures. WO 02/09098 PCT/ GB01/03058 4 2 0O JAN 2005 Brief Description of
the Drawing Fig. 1 is a schenstdfCoaeelibtanal oiitdew ofawihg
antiferromagnetically (AF) coupled nagnetic recording layer in a recording
medium Fig. 2A js a schematic illustration of the AF-coupled |ayer

i | lustrating th&%riteht 8t FORTSEC tKE HRRN Y0Pt tHe PRYISHEgierrEiFallys at
a recor ded(Aagpetnledt nagreitt ¢ orecoRigg PRekrsim agrapirddhg oaddéuhat ed magneti c
field above the AF-coupled |ayer and a single Iayer (SL) medi um as a

function of downtragk; pgsi n fr i ti-of 9 a schematic
sectional view 0 Qg °s %lﬁeg"aﬁlrceqm%traglozlt I'hg E% Qﬁlgtlratlay Under | ayer,

the films +HUFh%a‘a&|f‘9c6‘tFp|Oéaefrf§§é?ns o8 ndet ﬁ‘é“eﬁfét%fcttP‘é’efetf\?é‘f‘%ﬂi’éttlc Hiigms 424 s
a magnet i ca pgsetetwsimgalggp fomsitienstructure with the AF-coupl ed |ayer of
rig. 3; Fig. 5is a schematic sectional view of a prior art |amnated disk

structure with @Q_pvggtgora%agﬁdwcqfe@&la% QQAa%neéycerfﬁefq 2b08 9 agnet i

Iayersmthel m hat e; |sascena|cse0|ona view of a

| ani nat ed ‘i SRUBtFUCEYTR 2°Ri g F 333:1 cotiTed®Y ayers s 2¢ He fUREF AAPdeEI  nagneti ¢
| ayers in 9dvetizal pase-ioDefein edtBestripti on of the Invention A magnetic
recordi ng nedium has a recording |ayer forned of two or nore ferronmagnetic

films that are l%chang@ cg&pén%@l@@gezfcrnaem%eaf caaldwk st L0 their

neli ghborin ferr re nonf erromagnetl C Spacer
1o i TR bt b | Yo PR ErPof g 1t G rBy B L Frade
up of two F€ér F%ﬁ‘rﬁﬁﬁé??‘%}“ﬁ PYF 22/ 14 separated by a nonferromagnetic
spacer film 16. The nonferromagnetic spacer film 16 thickness and

conmposi tion ar epﬁjmseﬂs SOmidtate i ¢ NG < PBRGREL T G DB S e 22ruldu-Of. 1 adjacent
films 12, ;954 eq_:gl ely,-4r e, AF-coupl ed through the nonferromagnetic
spacer f| I'm are anti pfrafl el in zero applied fields.

Fig. 5 is a schematic sectional view of a prior art laminated disk
structure with conventional individual single layers as the magnetic

layers in the laminate; and

Fig. 6 is a schematic sectional view of a laminated disk 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



“met al. spacer filmhas been extensively studied and descri bed %9098
‘PCT/ GB01/03058 5 2 0 JAN 2005 the literatare. In general, the excha JAN 2005
coupling oscillates from ferromagnetic to antiferromagnetic with
i ncreasing spacer filmthickness. This oscillatory coupling relationship
for sel ect i conyyj ions ..is described by Parkin et al. in
"Oscil | at i %ﬂesm?tﬁg%%lﬁaehge _%%ﬁriagg AR VRY AR GHBYI afTd RReMEEAD | i ¢
Super | at ti 68" PERE Ures® VMR roTRInetiant thRefaCeas imBhysaceReti lul ebtckne Vol .
64, p. 2032h{1930}11Feey natuetiral relGonbhstabi 6ns seDeddidendtert QMRGREL ¢ £il M
made of CoisFReyscMibeBy $0@i5 crakl OYS, UG L-Fe NG, and. Fe-Co, and
nonferr onagg&.}eitgrggl%%; iiilnmetaﬁ’&h 4as %&EE%&%?S%!IL (lﬁuf},{&!lcaﬁ?%ngoﬁlﬁ?gc)a?d
r hodi um (Rh%{ﬁ iridium ifr) . copper® "R ANt thETGTUART 08/ RFofo&achnduch
materi al cbfimat Porf- £RE L85ki | Yelt-06¢. exchetigdélevupl i g metatibonshi p has
to ]E)e det eFpiinedt igifs mot:fudﬁl fe&adryaglﬁeym,fdims taat ddeot t}iecklﬁl@,s%ng)fthtegg
nonf err omagnedyisc spacek di-FM discsekgsted po agsure antiferromagnetic
coupl i ng bg&ﬂpgg 1 ‘fgne%‘l"Qm Gerr ogaognne?ci@cﬁf f%'nsagaTﬁoé’Bgéﬁf‘San%?lcog LT IR I
depends on_ the  nonterromagnet iie: Spalel“hat B1CaAr® GOt tiFédsHT dAgth carmer
phase of t &' 0&%f IH5EHratlevupl Fory cakk sudbpertdsian comeinhet samagaet i
materi al aperiliatenf astnoqualibling Thetasastipahod oamd idteLfomagnets 6o,
coupl i ng of1rdhapremmgnesd enfd kis hascheaen used jo,Spin-valve t &%59%@3{1

net ant

magnet or esj St ) Jgeording heads to design cont I RUOUS 0
iferrorragnft__a%iS??gig%a’tf(dcc;;%/ﬁB ‘Ts{agg i rknsgJe 8‘%%?nr?ﬁ§?lect9flﬁgﬁ?§nﬁ?ﬁ“‘§ear@‘er £yt dl y

coupl ed t ogEtHEFTEHEF pardFt el™ AW RS sfepatildnt bin threndeach tFhese type of
spi n-val ve"SErHEPTAdest it eraegcnitredal f ont exapt Ssngt R 4BMpakent §15, 408, 377
and 5, 465@%113??%&&591@@@ eﬂtsidﬁiaeﬁw% %étfgyﬁalagﬁeaﬁeﬂaée&ligg%d
comer ci al {3k eavaiia Ski,N-vwal v ads, .namely a | am nafe
anti par al I@elrrggnarllneeqiceg.rlo&’ \r{{gt i%c%et%% a‘?/ﬁtﬁgelfléjpg%nr%@ﬁeﬁué’lf"ilgi M5 whose
monents are rigidly coupled togetheféhrid TRifar i st BYgeoaa®yE duri ng
oper ation Wnﬁﬁ‘é“l‘?ééﬂa.nclfhé@“f‘ﬁ)l AEeorPingl Hebdrv dondegrigt | @nADNERAE MandeS.f M,
tl and M .adt2feryespeeticetly cotiBecatsmst liedeenBneblc Mgnetd 2aLiQQ; M, is
expressed @spthe cogagnat he: PRFENE1 PEIriHYi dpvl IR of L efromegpetic, o .
material, dhg-produet Mt cd §m§ he Qplg)réﬁ_tltco rrgrremng per unit area f’or a
magnetic |ayet R{ t hickness t. Eor™ thi s AFCOlpFed stPlerbFers Re?08 377
orientations of rHe ragneti ¢ AOWERES d85crikbea pistaufazentsed inganp, 14,
respect i vél3meRT @AY | gjirddailst Fpiar adlvel cahdeaihusaaeld desintiuetdael y to
r:"educe t hentragwretlilel nomend f@i’rdnﬁ@nﬂﬂlﬁ)ﬂ)&}dﬁhaving ferromagnetic films whose
moments are rigidly coupled together and remain stationary during
operation of the head.

The AF couplion@9dysf erromagnetic filns via a nonferromagneti F?Fﬁﬁ?ﬁ%m on

The films 12, 14 have magnetic moment values of Mr, t, and Mr, t,,
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 mement of the composite
layer 10. The arrows 22, 24 represent the moment orientations of
individuval 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 multiple 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



| ayer 10. The arrows 22, 24 represent the nonent orientations of

i ndi vi dual MWHYMER%088 donai ns that are directly above and bel ow@nesamphier
across the AF coupling film16. In the absence of an applied nagnemjb(‘jAN
field, when the ferromagnetic film 14 is deposited onto the nediu 2005
substrate, it will have a granular structure with nultiple adjacent grains
bei ng coupl ed together to formindividual magnetic domains. In the absence
of an appl ihedwiagnet kssdiceltivt e dBRIRNLS Qi h

02/ 09098 PETAGEDL/Q3p08, 6.2 2 9. Q,aeN 25%5 Ll pe SRR frrJél‘rnof"Hleg
oriented. Thé spacer i1 mor AL CSuptt F§< 390 FP4EorEs tHarcteb6si ted to t he
correct thlfGEﬁ%‘Eas?n& F%cftlllsf) Yn ety oﬁ’aﬁgﬁemr@ fetupmadnetNextilnt he second
ferromagnetdepofiden @2rdcsly deposs tedesdligieas lef1amd. heAAEhgoMm@gop | m16. As

t he grai ns s@krof @Qgr@ggq%l . ;! BEYn L. form magnetic dormai ns
y - 1C2 BH {néﬂg%?{ gglr%@ TV% Lf%edr HorEnt"*oF i"SAERY i ons

with nonent .oriel qtatl%fg

of ferromagnetic 1T m Eﬁ‘? fm ’Tpé‘r%l]iltﬁécf? }hgcrpcagegt tPré e Eonsl $hg fil m 16.
The type ofSFerrasRagietiien gt Brdtakrand rehe vt htcdaseske wal aepltingtfiiafic t he
ferromagnetic films 12, 14 are chosen so that the net nonent in zero

app| ied field wdye bﬁ:é QW:ftezlgma@BQg% Qlatgﬂr 1tg'g %Egethsl WnssI Q flbeg.s g, |VF2 o?fz

Mt for th t t Houl
This may bghgcé%% Hg%rﬁatélc ggl\imssﬁng % ar?aﬁé“?%r?%ﬁﬁ@héﬂ‘?c“%f‘é?‘?r&l $njFpxche

two filns i?pljieﬁl ihﬁl%éf\‘/?lnd’et lowpelyt @gPerra-haPprxt 2he orasehehavagetiizgati Ofthe

(the magnetlrt fromeht Pencidrevid wteenfbymat.eniad, ), of miche, tMeufeebE amagnet i c

films may brisede i ffebili shya %§| Lrﬂsgln f:lfu.ersgrﬁé ffegj.écgrparg%g&ect Imgtern.a%rl al 3 fOI’
Wit

the two fi MAL! & Fiig. ok LS4 mstructure Wth a =
siingl e spa%gfj ?ll\Fl'rSn E\QG, 1gt rntjjdc% ur e F% %ue %erwga%ptét:eof FRe e oamd zatt e pl e

f er r omagnet r 6° f13°PF L MEY™BE B%re&“lﬁ'ﬁ’é’lﬁﬁﬁr?ét Peteraglr odedey ithedtcatyovamnkagca
nunber of A#VEnrages: ovér %wffsrrghety oskay e fornedtasonadgi-ngt endtayen Ok or
f erromagnethe wwet etirad.. Wwowe rigmanent sAggneb Z@%Q&ﬁé\%&%&@%@h@?ﬁ Wi t hout

'he br obl éié’ti‘*’&'ff”fﬁg‘gm i PR L U LR s Dt e
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instability and difficulty in writing discussed above. If the magnetlc
.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 KuV, \ KuV \ (Ku;Vy+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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While not shown in Fig. 2B, calculations have also shown that the

demagnetlzatlon field from a transition within the AF-coupled medium also

. decreases faster than in the SL medium. In addition, the magnitude and

sign of the demagnetlzatlon field depends on the Y p051t10n {see Fig. 2A)

within the medium. Thus for certain v p051t10ns within the medium, the

demagnetlzatlon field is reduced to zero. Small demagnetization ‘fields

are desired because they can affect other transitions and cause the
transition to demagnetize itself.

- Fig. 3 shows an example structure of conventional CoPtCrB

longitudinal recording media alloys belng used for the ferromagnetic

films. The structure was fabricated using conventional sputter deposition

equipment and processes. The films forming the structure were grown onto
a Cr underlayer deposited onto a substrate of a AlMg disk blank with a

nickel-phosphorous (NiP) surface coatlng, with the substrate temperature

" at approximately 200 °C. The ferromagnetic films are CoPtCrR, with the

'top film corresponding to film 12 in Fig. 1 being thicker than the bottom
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Mrt=0.38, He=2.4 kOe and S'=0.76 at room temperature. Thus, the
AF-coupled medium allows a significantly lower Mrt to be achieved with a
greater total magnetic layer thickness.

Referring next to the major hysteresis loop of Fig. 4, the pairs of

horizontal arrows indicate the orientation of the ferromagnetic films in

the AF-coupled layer at different points in the hysteresis loop. The
applied field is increased in the positive direction (arrows 30, 32). F
'large applied fields (>3000 Oe)

or
+ the antiferromagnetic coupling is

overcome and the moments of the two ferromagnetic films are both parallel

to the applied field (arrows 42, 44). As the applied field is reduced

(arrow 34) the moment of the thinner bottom ferromagnetic film reverses

and becomes antiparallel to the moment of the thicker top ferromagnetic
film (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; t;, where J. is the antiferromagnetic interface

exchange energy density across the Ru spacer layer and M, and tz-are the
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state where the moments of the two films are parallel (arrows 62, 64).

Thus, in contrast to AF-coupled structures 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 locp of Fig. 4 exhibits the desired feature of

an AF-coupled layer, i.e., a low remanent magnetization relative to the

saturation magnetization.

Recording performance tests on the AF-coupled layer were performed
using a conventional longitudinal recording head. Sianal to noise ratio

measurements determined a media S.NR of 31.9 dB at 500 flux chances per

millimeter (fc/mm), where S, 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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spacer | aygrr@@urdhifsFeonmpsosite structure has a total Mt = 2Mtl for a
two-l ayer lam nate. (For ease in explanation it wll be assuned that all

fovromagnetic | yeeunana . h0s 9208 WCOIPORL R +20.! kM dy the same.
However, it is t scope of
chematlca ly 1n Fig for a structure with two AFC layers and one

nonferromagnetic spacer layer. 1In 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 lavers
32', 34' replace the corresponding magnetic layers 32, 34 (Fig. 5). Each
AFC layer 32', 34' is made up to two films (42, 44 and 52, 54,
respectively) antiferromagnetically coupled by antiferromagnetically
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 cbtained. 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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Co62Pt , OCr 22B6pacEhe ant tf asghosmgnet ivaklyn Gaupljng, f‘llhggs f4§ms 38s 1sed in

t he AFC | ayeksnedd’ or 3 & Jregjp@acttelrve\jlkﬁcﬂeig w@lf‘bagoxldax e able
nonferron%%net|c S acer al s Ru ¥]% nesses

rangi ng from ?Lnéagne 48 °A, a’ityl%feﬂromraﬁ’ﬁ?tﬁﬁt %’d‘:hﬁf—*?f' rF@H?Ja%ngthFé‘kn%fté‘Fr omagnetic
spacer | ay&fi B8 topetSRERIThE Yo ART ICayBhsCrap: alBy fpxrogebestieditlvshave a
Ru, a Ru thickness greater than approximately 10 A, which is beyond the

first antiferromagnetic peak on the oscillatory coupling curve, is
sufficient ;o assure no significant ferromagnetic 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 designed 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 conventicnal media with a single CoPtCrB
layer was fabricated tc 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:



conposition and thickness so that there is no significant ferromagnetic or
"1 antiferroMdiO coupl i ng between the two adj acent ferromegmainoa/oBisBns
44 and 52. For known materials, the thickpess of the spacer |ayer Z3BJARam;
be readily determ ned because it is know’i*f rom t he oscillatory coupling
curve how the exchange coupling oscillates fromferromagnetic to anti
ferromagnetic with in rearing space |ayer thickness. In the cited 1288
patent the Cr spacer film between the twaiGoialloy films had a thickness
of 40 A or greater, which is well beyond any detectable ferronmagnetic or
antiferromagneti c exchange coupling geak on the oscillatory coupling
curve. For Co62Pt10Cr22B6 al | oy ferEépuyifubsteatedne and Ru, a Ru thickness
greater than approximately to A, which is beyond the first
antiferromagnetic peak on the oscillatory coupling curve, is sufficient to
assure no significant ferromagnetic or antiferromagnetic coupling. This
requi rementfor the spacer tayer rs f

for the anfli ferromagneti CA¥®dpling filnms 46, 56, ¥xch of |whi dfedis sy8l ectled
to have a ffid bl Lgmes i (dB)

anti f err omignatices pRakefichhe Qsgid hatery qouplingsgurve. [The ARG Layers Iin
both the | §m nated and non-1am nated AFC nedia structures were designed fto
have an M {{=Md-haMda2=8..24¢ menu/ cnR. The Ifam natgd AFC mgdia wi.th two
i ndi vi dual JAEC layers (Fig. 6) thus had a [total M1t=0.40|nenu/cn?. The
convent i ongl LamdiedVnkh/ @ &iNgLE. Pt CrB llayer was fabri¢ated tg have Mr
= 0.38 ne cn? The neasured SNR for thege structures i$ shown in Tabl gl 1
(gl ass subfitratiasjecandcabken spsmbal  subgtratesy soel ow [WO 02/,09098
PCT/ GB01/ 00587 O JAN 1005 12 Table 1 (2 ass Substrates) SAVPLE Mt
medi a SNR ([(reiuéed08ycf0BY rCaRLLIB conventional, single fayer Q.38 32.3
Non- 1 am natted _AEC 0.2 31.5 lamnated AFC 12 CE Ru spacer (0.4 33.3

Lanmi nated AFC/ 24 CE Ru spacer 0.4 33.3 Lam nated AFC/ 48 CE Ru spacer 0.2
33.2 Table 2 (Metal Substrates)

Table 2

{(Metal Substrates)

. SAMPLE Mrt Media SNR
. (memu/cm?)
Non-laminated AFC . .

Laminated AFC/12 @ Ru spacer 0.4 34.6

Laminated AFC/24 € 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
lamirnated media compared to the non-laminated AFC media and the

conventiocnal single layer media.



"'SAMPLE Mt Medi NR (nemu/cnR dB Non-| am nat ed AFC 0.

~Lami nat ed A Ru(spacer D 4 58 6 Lo ont oa ) 24 CEgéi]’%%Oﬂm’s 39
34.8 Lami nated AFC/ 36 CE Ru spacer 0.4 34.9 For both sets of di sk aJAN-Z?JUf;
dB inprovenent in SNR is achieved for the |amnated nedia conpared to the
non-| am nat ed AFC nedia and the conventional single |layer nedia. WO

02/ 09098 PCT/ GB01/03058 13 2 0 JAN 2005 CLAIMS 1. A magnetic recording
medi um conprising: a substrate; a magrféft¥recording |ayer (30') on the
substrate and conprising first (34') and second (321)

antiferronmagnet healdeYe calRl-@thd AEG W aY¥KSSs:14Nd a nonferromagnetic spacer
| ayer (36") separating the two AFC |ayers, each AFC |ayer conprising a

first ferromagnef‘lc Pl?m 44, 54), a second ferromagnetic film (42, 52)
and an ant i fer¥ GREGHEC] E%‘quﬁl’é%dﬁb’iﬂﬁg 3P 1 hn( 96, s8Bytuade atredchetrwedny t he
first and fSesonthsfi |aml ancoriaving antitecknesaet andlgoRREsid i(BFRc Sméxﬁéx@ ent

to provi dear@nﬁhfcﬁrfémeﬁéﬂfc Q% rI ngeqf (54"9 sgﬂara Qhéet(azgnlglr&j Itla €r's the
nonf errona‘%ngthcc spacer_ | | Ween secon m of the

at ed
first AFCTayer and th Co?"f’ lsm?lal 6?ttﬁ§r°“‘§8%eotﬁ& AEC 185 errthnd RESA™Hg a
t hi ckness fﬁﬁtﬂo‘&%ﬁ?ﬁééﬁ ffitoR 43 f P éRf aroadt ifesvemgnaricas iy rokp tiawt £ doupl i ng
bet ween t h@ésetdndofdtlerh bétwche flier $irAF€hd |sayetd anthd had fiavshg fa Em&heg he

second AFGxﬂday@rfoosztloﬁ BBt urLAS el Qidmge |a@1t§£@|xg}n;gj'relégg hcf‘oruFPB@péf Lag a

third AFC r..an e nonf err ne er ocat ed bet ween
t he secon fllﬂg an% Qez%ng £t m% s%%:on QT nEtl fﬁaiera&a ‘Tﬁwé’eﬁgr 4P°%5Fm of

the third Rﬁ’f‘er} &Y8r e&ﬁadhfd\}f“n@f éfhﬁhﬁﬂiﬁ § éﬁtfrcem)délﬁtfﬂéﬁtsfmlfnl ei aht to
prevent arfcosd gif lavant axbbplimm abetivsesss hed seeond thibh muatidikar second AFC

1dyer and prehent iahgtsibht M ohtt diphbhd GeARGn BYLecdhg A TBUUMAS; £liabped in

claiml wherelnuhend iet §Ltff§ﬁ.rn05@99§tge%o£é L 1%'44} of the first AFC |ayer
(34') has a thickness tl and a nagneti zation t he second ferromagnetic

film(42) of the first AFC |l ayer has a thickness t2 and a nmagneti zati on
M2, and wer efn™the nayriéfitehimented mplerfur it cargas{M axtiid-p mrwl 160 X t2)
of the first andcsetandiéercmegmgiiet tiacef | 1aiBr afoctbes okt $denARG saYSTs fiim
respecti Va|5¥) & endift-enentrcf FOA0NL ) and the first film of the third AFC

layer and having a thickness and composition sufficient to prevent any
significant coupling between the second film of the second AFC layer and

the first film of the third AFC layer.

3. A medium as claimed ih claim.l wherein the first ferromagnetic film
(44) of the first AFC layer (34') has a thickness tl and a magnetization
M1, the second ferrowagnetic film (42) of the first AFC layer has a
thickness t2 and a magnetization M2, and wherein the magnetic moments per
unit area (M1 x t1) and (M2 x t2) of the first and second ferromagnetic
films of the first AFC layer, respectively, are different from one

another.

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

material, and wherein t1 is different from t2.

5. 2 medium as claimed in claim 3 wherein the Ffirst (44) and second (42)
ferromagnetic f£ilms of the first AFC layer (32') are formed of different

materizals and wherein tl and t2 are substantially the same thickness.

6. 2 medium as claimed in claim 1 wherein the antiferromagnetically

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



d:14-
arﬁ)r{nt%r 0:: 2%@%? mas clained in c"%sm%'MV\her ein theEp(ﬂ%lt76 51549 59dTGBO1 030

“second (42) gnetl c films of the first AFC | ajjer Pe39' Ji2aFedrhar yrezhoaf
the sane material, and wherein ti - is different fromt2. 5. A nedi “Z'U"’J%NZO%
claimed in claim3 wherein the first (44) :1and second (42) ferromagnetic
films of the first AFC layer (32') are fornmed of different materials and
wherein tl and t2 are substantially the sanme thickness. 6. A nmedium as
claimed in claiml wherein the antiferromagnetically coupl ing film (46,

56) of one soeflefheed AECT | Ry o7 L UPsCIBE ed %o P! & uvieRiimal(Ru) ., Phiqmie: 142 03- 2002
CLMSPAMD ER(Gt94765350, -1 rPCTEB (04) ,080rpcARCOO01 38 NemP&aeoysl.Z February 2002
2 0 JAN 2005 14 selected fromthe group consisting of ruthenium (Ru),
chrom um (Gr), u (/ p dthelr al | oys.
7. A mediuma s” f]ga'(?l?r)én ggl %Rgl%&mgh%lgﬁel n)]%lhem Qﬁe f( %l% aangeﬁ%%od’d( ﬁ’?%/

f er r omagnet |eér TIIRE T Tédth °5feat°ﬁe°§°d§@el‘é§?erl§y‘i‘§4‘34 3233 ) afee made of 2a

mat eri al s&Péetied felaRtEne rgroUys o stisigt ofc @6, Che FeNiNi, ameh ttheir

all oys. 8. aAlssediumas clained in claim1 wherein the first ferromagnetic
film (44, 54) of one of the AFC (34', 32') layers includes an interface
film consgstipg e senatsl ally of. col?alt located at the interface of the
first ferromagnet il mand -t e “ant™ fetroragnets ATty [REGBPITRF iFi M 46,
56). 9. A'fediPdm ¥s OEFa‘ifnéEle iACcl3Hi'm B2WhereEns tiheletssond ifnger rreghett ¢
film (42, coR)ysoinpresoftichey AEC-dmyer soceB84d ,at32hy iinnetmsdesomnnk ntgiface

film conskstdorgoessential by eheCoORakl-lacatad at: f Reuintgriace of the
second ferromagnetl c filmand the antiferromagnetically coupling film (46,
56). 10. as clajmed. in claim1 further conprising an underl ayer
1 ocat ed on the su st atsea]béf“m%éﬁ’ FHE s UOEEF et tRACSIREd gt et ée diidinng
| ayer (30' 172132 ‘Pneo?r%d’lquﬁ%f‘F‘élla’WﬁﬂrSl Eart Ber) dopbrdesi fig iat pricicectilve
over coat foryedtiraversdrhézmagnetddal eCordidigakayer ii3830 fkce b2. ti RAEAUM as

clai med i nfedramnsanktfiurdingrs &;:OIm{laslltﬂgerrénadak@@?&l@ﬁeéo ¢al ed, het Meenct he
substrate and the magnetic recordl ng |layer (30'); where| n. _ sa|

first (44, 54), angl seconq(L 522 ferromagnetlc fI|ITB are made of a
cobal t allﬁay um as C med in flaim 1 furfher comprising an underlayer

ocaued on the substrate between the substrate and the magnetic recording

layer (30'9.

11. The medium of claim 1 further comprising a protective overcoat formed

over the magnetic recording layer (30').

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

an underlayer located between the substrate and the magnetic
recording layef (307); and
wherein: '

said first (44, 54) 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 ruthenium (Ru), chromium (Cr), rhodium
(Rh), iridium (Ir), copper (Cu) and their alloys.

13. A medium as cl ‘aimed in claim 12 further comprising a third AFC layer
and a second nonferrcmagnetic 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 filim of tHé éécond AFC layer and

the first film of the third AFC layer.
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. ~Printed: 14 03- .
sai-d -anti f errz%%?%qetl c coupling fil m"('\g PAM% made of §P019é1r7§33?0 s%?gg‘%&” O3
"fromthe group Pudi ng ruthenium (Ru), chr omi um ( CrNe¥ PHsdi El%nFePRha)r/ 2002
iridium (Ir), copper (Cu) and their alloys. 13. A nedium as clai med2|0nJAN 2005
claim 12 further conprising a third AFC | ayer and a second

nonf erromagneti c spacer |ayer | ocated between the second film (42) of the
second AFC | ayer and the first filmof the third AFC | ayer (32') and

having a thickness and conposition sufficient to prevent any significant

coupl i ng bethEen &SR AESN G HiMHh Ut ot A §ec%eAFGqea93el?5taﬁ€iffotnh@“@ftllpsf1lm
filmof the(fhi rd ARC HavePFCALNAWNIFCN tarctk Thickhefdnt eghd 4- 832002t 1 on
CLVSPAVD. ERD1942658:d- fmwz&lle&hmm@@o&f 18e MSE’m 14 2o FERL uaa[] y

2002 2 0 JAN,2005, 1 L S i_n. cl.aim erein the

first ferromagcnet?l e 5 §n(J;Mé() J&q Q{FO% T%st%kgg% aye t% a)gnﬁ%llsc AT HI*ekREES

t! and a madhet i"2&%i G * ML) FRE ‘g’écbﬁa fr Fﬁﬁafgﬁéflif‘dfr‘F‘Fﬁ“(jSQ‘)erf“aqfr?élfrl r st
AFC | ayer h&simg of Hihek hesd f‘QC anden rmagprettiyaly, oRr VR f andkrnheregi bnd he

magneti ¢ nosenthsrper unit area (M x tl1l) and (M2 x t2) of the first and
second ferronmagnetic filns of the fi rst AFC | ayer, respectively, are

di fferent fgpm ne‘:_,dlabrllnogStlecrl 15 A ne aﬁ clainmed in claim214 wherein

~the first (54) and second - (5 ?radﬂa PESFY FiYe 1965t hie?f i ¥%t saFed ayer
(34") are f GPhebe Tl e ARt 1§ alve "Rt rthal TiraAdPfhér eim (B1 )i srdi fofree@mtt fiom
t2. 16. A mEdeumitaxsiel aismediiarech gilm d4ivhereicnctdretkirst (54) and second
(52) ferromagnetic filnms of the first AFC | ayer (34') are formed of

hi ckness. 17, LA el gee ot b A o Pees g R, ke Rt B
f arromagnetl & f|1rr°m?q5qftlﬁ451(i8 gfeéh%fflfﬁE PREC ?Yﬁer‘%‘l 33re f3gmgd iofic| udes
an interfal@ffeTnc BOIfSH&t igdedsantt &l y“%ftZC@)@abeit@oatedyathet lseme

interface 6hithestirst ferromagnetic filmand the antiferromagnetically
coupling film(36'). 18. A nediumas clainmed in claim 12 wherein the second

ferrorragnetlhc fhlnq@d (P2 42):.0f one of the AFC layers_ (34", 32') includes
an int erfa9$ Jm Sons| i |nlrl esse%tl?a 1? ot €8 r331It;%blfolcatLe5e {TriHe e filim
i nterface of the s@cohd Terro?ﬁf ARt ¢ 71’ m ahd th%“’&ﬁfﬁ’“erlf’bﬁ%f@ﬁétﬂléal ly

Couplllﬁg fFF?ﬁRﬁ?G”? es7ent:al1v 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 film
(52, 42) of one of the AFC layers (34', 32') includes an interface film
consisting essentially of cobalt located at the interface of Lhe second

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