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MAGNETI C RECORDI NG DI SK W TH

ANT| FERROVAGNETI CALLY- COUPLED MAGNETI C LAYER HAVI NG
MULTI PLE FERROVAGNETI CALLY- COUPLED LOWER LAYERS 5

Rel ated Application This application is related to
pendi ng application Serial No. 10/808,020, filed Mrch
23, 2004 and entitled "MAGNETI C RECORDI NG DI SK W TH
ANTI FERROVAGNETI CALLY- COUPLED MAGNETI C LAYER HAVI NG

MALLERRE R Lo BIRRR I TH R ERRIVMACNE T GALL Y-COUPLED
R A L B

particularly to a nagne [ di sk that has an

15 antiferromagnetical |l y-coupl ed (AFC) magnetic | ayer.
Background of the Invention As the storage density of

magneti c recordi ng hard di sks has increased, there has
been a correspondi ng rRekedd Applicatibhe

magnet.i zat i on-r emanence-t hi ckness praoduct (N d.a
20 cbhis aRRJiAI qaﬁfeﬁ HREdMy aﬁ’ﬁléw@g{é %&a’lw‘% L&}-ﬁ)&%@@fﬁled March
23 NROMBANEhicfed - %ﬁgmﬁ ReyeRpiMG Disk Whgn product of

the recording layer thickness t and the remanent (zero
ANTPFERROMYGNETCALEBY dJOURBENSYALMNE O IM Y EMIBY BING MIJLTIPLE

mejpmts of magnetic nonent per unit vol une of
¢c material) of the recording layer. H is
related to the short-tinme switching field or intrinsic

coercivity (Ha) required by the disk drive wite head
to wite data on the recdiethnigabBieldayer. The trends in

Mt d.H_ have led to ecrease in the.rat] ot
o alhbavsriRuerud bl FRPERS itk Mitnere
redBAnRiiagd Rl afivé&amdiforegdtti@lirly to a magnetic recording disk that has an

antiferromagnetically-coupled (AFC) magnetic layer.

Background of the Invention

As the storage density of magnetic recording hard disks has increased, there has been a
corresponding reduction in the magnetization-remanence-thickness product (Mrt), and a
corresponding increase in the coercivity (H,), of the magnetic recording laver. Mrt is the
product of the recording layer thickness t and the remanent {zero applied magnetic field)
magnetization Mf (where Mr is measured in units of magnetic moment per unit volume of
ferromagnetic material) of the recording layer. H is related to the short-time switching field
or intrinsic coercivity (Hp) required by the disk drive write head to write data on the recording
layer. The trends in Mrt and H, have 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 stored magnetic information in the layer will be more likely to
decay. This decay of the magnetization has been attributed to thermal activation of smali
magnetic grains (the superparamagnetic effect). The thermal stability of a magnetic grain is to

a large extent determined by KV, where Ky, is the magnetic anisotropy constant of the layer
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but only to a limt because the stored magnetic

information in the layer will be nore likely to decay.
This decay of the magnetizati on has been attributed to
thermal activation of small rmagnetic grains (the

super paramagnetic effect). The thermal stability of a
magnetic grain is to 30 a |l arge extent determ ned by

KuV, where Ku is the magnetic anisotropy constant of

the layer -1 and V is the volunme of the magnetic grain.
anik Vti b ghel vauene tbﬂthcknagmicigsaixdeﬁs éméaadr thitkdessri e dsesased, Mdecreases

e, layer thickness i o thin, ones

1 R Rl A g PitebRHio B 4R He Sioes Ggash gformation
will BB Iéhgdt b\ QhHTR: r%'n%Kl cﬁ'ﬁd d&ﬁ:e%ﬁ&faﬁﬁg OfafRdi tions. One
approach to the solution of this problemis to nove to

a hi §mermppmachab rtlqu)s}olumne)n" Has proBlemhi ghqapveNLd)a hiphen@iigotropy material

the i rseanU|sI| oi.nt
g i1 FF e ot b Slibledd Sh BB beRs B eh iy Ho
%Mﬁ iSapirokitatednedRORE | AR dW‘%satu%Fbﬁ nk@2:ti0h £ BEcohs too great to
be witten by a conventional recording head. A'simlar
bgp*plﬂ@a@h aucgnw:e@tmrw gRserdinghert. 6fsnmi4m apn@gﬁemt@ redagesthe My of the
ickn

ml%gnenc]elg ra ﬁ)wlé la)g, Sﬁct’nFﬁs wﬁlgh é\illé 6ed|uf;e 81(51(:% tl?]réa?até\g to Mg, but

tmmracrsowrwedtﬂyahe Eadicibiey vai dah ®8 writenU. S.  Pat ent
6, 280, 813, as&&ned to the same assignhee as this

appl MeRthaisat 6488813, 19esiensd 1rthg ﬁ@w essieapordN@PRER igRs describes a
rnygﬁert?cl @c&rgﬁg@ﬁgm {Vﬁerreﬁlct% E) tlc ?é/c%F uhé a?ér 1L gﬁé&st
rromagne e

ayers antl romagne I'y- coup
farogeighetic lagero sittifarrsroadneticadigagngtd mgsthacefoss hayseferroinﬁgnenc spacer
thlst pe of magnetic nedia, referred tg as AFC nedi a,

laygla Tpd ﬁé)meé) FggRsicangsha, gq{@“redt t@@s AFC media, the magnetic moments of the
tﬁJ‘&dtﬁ@ﬁBrﬂ &Iﬂy%%héa ‘Pé}Ux@'a?edorLeﬂ%ﬁ ﬁnlgefrﬁléﬂri &iHa Egnce with the

ant | para I n"renmanence resu
reselt ot t@mrpolsuoh@omtet Muoff ofttheerec @ ding dhmglslth@/élfferescet bﬁeween the Mrt of
differe vveen the Mt t he .upper and | ower,
O PP ST IG P B E FHE S e PTG BRGRGES o dyfgally has a
hiohed 10 thin @ Sovder r@hfhetd faydrRamat 1R doRMBEite Mrt is given by
erromagnetic |ayer so that the conposite Mt is given

Mo MMl -Thigneductio i Birt ie decommipbisheidrviNtout & scdyeteamip viobreedV-
Ti%r%ﬁ)?y {hthJr%%}J&% P{)]! Jr'the’ rgéorg%g medium is not reduced.

AFC media thus significantly improve the performance of magnetic recording disks.
A low composite-Mrt means a low value of PW50, which is the half-amplitude pulse-width of
an isolated read-back pulse of the recorded signal measured at low recording density. The
PW50 value determines the achievable linear density, and a low value of PW 50 1s desirable.
Therefore, the extendibility of AFC media is mainly determined by how much the structure
can be used to reduce PW50, and this is determined by how large a value Mrt can be achieved
in the lower ferromagnetic layer, since Mrtcomposire = (MrtyL — Mrtyy ).

However, with current AFC media there is a maximum Mrt value that can be used in
the lower ferromagnetic layer. Above this maximum Mrt, the media’s intrinsic signal-to-noise

ratio (SgNR) (the ratio of the isolated signal pulse to noise at a specific recording density), will
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Therefore the thermal stability of the recordi ng nmedi um
is not reduced. 20 AFC nedia thus significantly inprove
t he performance of nagnetic recording disks. A low
conposite-Mt neans a | ow value of PW0, which is the
hal f - anplitude pul se-width of an isolated read-back
pul se of the recorded signal neasured at | ow recording
density. The PW0 val ue determ nes the achievabl e
i near density, and a | ow value of PWh0 is desirable.
bepREearQspeeven N@uektl’é?\ﬁ%ﬂ sistiil {gvased apdchereempesite Mraisstiyl dropping. For
t )
eﬂ\%&yﬁ%%‘l g%bﬁ}’uchgwfﬂwehfaﬁﬁ%eﬁ%exﬁ 1%?% e dc%?ﬁw o '?elr%%] gﬁ%‘?c e

(ivakastnghthi 1owai ldyer lﬂ@i‘b)@/&ﬁmemﬂ/c&rﬁ%bbﬁﬁ/\m& nfaerrﬁmﬁagmej foGachieve a
| ayer, since Mtconpos! TE = (MtuL - MtLL)., However,
PW ralugrpditced e Sadiom thRasference AT GrassimUNING tvama@mum lower

. @ﬁ\%%eyﬁﬁgrésﬁ‘ll\%lb!lﬁtuhgé@n}é%l?lg&%&%g%g ?Xﬁ:[roxmalely 3.5 db.

S Maxi mum rAtring
T&nsgaalho»trromrfdsse ratio (S(]\IR) (the rat| o of the
isolf%ed Si ul se to n ecific recordin

denst #5§ 2" TRRSEHRD S:; c@‘\?%“t §Bg}?cxpmt}q AFC mgedla when
the Yddr l&ﬂ%é&%é% HilR. FREPISiHt %Mrtfear&n edid 12 ?E@Q maeg thicker, its

For exanple, an AFC structure can rica
arti fritwpEvolupveeprodet (op¥gnetehses | ﬁbr@KuV(detwneas hong stl:h:eptlble the layer

, |layer Mt by Q.Q5 nenu/ above the.naxi )
sy R it &t ebaGT AT HEdRS Surciy ol & (0 Pt s well
estdWBisHef REGNGEhMRGl IS hEtHatdd rBversl 1t ﬁlhﬁvsqﬁé(krﬂﬂmﬂté?yéﬁér eXchange

| ayer Mt. However, this results in an unacceptab

figJddn AfSemedia Wr&r thamﬁgowmmebvh@ Iven Jayemaridsthersby hxpdnce the
deglretf ancé' é)aralle]-r%%ﬁe feGn] uratlc{nk e['&%l@forgétgg R \%ﬁh rythg: FHSJ (?f Ct)}\}\elelrower layer

OCCUF

(thaligherIRERARS laly &Mt tBkmofd difffcultasSis fdt@hd RVRIVely small exchange field
ferromagnetic |ayer is made thicker, its

toHeMPltely SV etss |t el arion of VP Wenlayea Secondrhe magyitude of the
%ﬁ%ﬁe'ﬁe”@ B 1#&‘% ‘f\ﬁ;?r%ﬁ&% hpe!l o {h%q%\g&ﬁ%{? % a?sgtsrgal&rbgeirt WRre difficult

uations wt- I gher t
fos tiscampfaritneghdid inerdcayeta rebirse hewelghetizaddabf ths hedertihat as it

belé%gl:ef? thta%gp%éfpgegtﬁ%%lgﬁ]%erri%ére Rdsnaljs Irtlctl]‘gatsec? [}Jel%vge %wo effects that
occur that make it more difficult to reverse the lower laver magnetization to form the
antiparallel remanent configuration. These factors could cause some lower layer grains to not
be antiparallel with their respective upper layer grains, possibly producing extra noise in the
recorded signal causing the drop in SgNR that is measured. Increasing the exchange field by
adding a high moment layer adjacent to the Ru layer is a potential way of postponing this
problem, but the addition of this high moment layer reduces the SoNR such that in practice it
is very difficult to significantly alter the exchange field without reducing SoNR. Therefore,
the problem of not being able to increase the thickness of the lower ferromagnetic layer in

AFC media above some maximum value is a universal problem with these structures.
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field in AFC nedia to reverse the magnetization of the
| oner | ayer and thereby produce the desired

anti parallel remanent configuration. Therefore, the

hi gher the KUV of the |ower |layer (the higher the

| ower layer Mt), the nore difficult it is for the
relatively snmall exchange field 15 to conpletely
reverse the magnetization of the lower |ayer. Second

t he nagnltude of the exchange field is inverse
pr opBPET i§RaFded ds ¢ eEneiRascordiyRisimith ag ARE ﬁw@r%that can take

f t [ |
a%ﬁt@ %gﬁt&é?ﬁ&tlorr lgnet :BSS! :’}%ﬂr} a§¢ E)tth%gpﬁ vl/lﬁuo:ugéagjrsﬁgtsa l‘?({hctlon n
SdEcones thicker. Therefore, as the | ower Iayer Mt is

increased there are two effects that occur that nake

it nore difficult to reverse the | ower |ayer

magneti zation to for S}!H}e&#%fm* 8@{@“ el renmanent

configuration. These some | ower

| ay eFhegna¢gmntioa magnetiveecntinpdiskamitalanwiRthsttueaire that has an upper

respectJ u rol r grains, possibl roduci ng .extra

FeffgmBEnats 4B LU pl 8t HiBHeL fegrograeeciisdryry S strypirg eﬁwagﬁ SHAR
fehbﬁl%gﬁé:cﬁ‘l%a§wp?éjl lo%@ﬁlﬁ%(ﬂg ihe %Wg%nﬁfe‘ﬁlo%agﬁ(etma]ly—coupled

addi ng a hi gh noment |ayer adjacent to the Ru | ayer
toghplowentayad stmyur@ﬁc_rgﬁsgn potifierrgmegriesical hravioplemg lapert Lliﬂeand LL2 are
B R 0l obloRhe PP Y i B P 8 Raions oL

angll [JID der@angdriledld @ch tdM@aneGhanes.: fhe! Kl metdﬁﬂgﬁranad& fieNd
SoNR. Therefore, the problemof not being able to

magnefigine af e Hhul@:mwt%fTheHéL h@ﬁ@ert@@ﬂéﬂmweh‘? i gffde Mrt
vahﬂes o@‘EEl %? %ﬁga%é{ @o 'ofnljue @%%slfruc ure is é'lsg It}%/f\%rt € tl:omposne

probl em w hese fures.

Mg hied canveaimali G sduakreWITlhB ARCT ffociusd 15 lztBIeliﬁ e::}tlmtthﬁaﬁmpos:te
tak%J advant age of the reduction in conposite Mt and
Mp\ig C“BDtW'WOPHB&’iea%%@Fﬁ@T af #recpd ¢he 1919 Ipyer layesngRovs the maximum

MRWYFTRY é"mQE ]5\{7@ I%&QV E’xntaé Q&Vgﬁ%dapX?@tshQ&Hk arfll (TBIRSL hfbids the

recordi ng d n AFC structure t as an upper
S@@%dqma@nenpmmhabﬁnmﬂmmypfaddﬂanMumbnmfEymmnagnetic
| a strycture fornmed t Wo
Y or% f{x er understanding of t%e nature and advantages of the present invention,
reference should be made to the following detailed description taken together with the

accompanying figures.

Brief Description of the Drawing

FIG. 1 is a graph of S)NR vs. recording density in thousand flux changes per inch
(kfci) for a conventional AFC structure and for an AFC structure having a Jower layer with an
increased Mrt.

FIG. 2 is a schematic sectional view of an AFC magnetic recording disk according to
the prior art.

FIG. 3 is a schematic sectional view of an AFC magnetic recording disk according to

the present invention,
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ferromagneti cal |l y-coupled | ower |ayers (LL1, LL2). The

UL is anti ferromagnetically-coupled to the | ower

| ayer structure across an

antiferromagnetical ly-coupling layer. LLI and LL2 are

10 ferromagnetically coupled across a ferromagnetic

coupling layer so the nmagnetizations of LL1 and LL2

remain parallel in each remanent nagnetic state, but

are ant| arallel to the nmagnetization of the UL in

eachT K¢t dowsphe qompesite Mt afttbe 4FEstrapturerndishis frevetiom asfa function of
of LLI and LL2. The conposite Mt of

tﬁeﬁn%&%‘e&%@tﬁ re is less than the conposite Mt of

t he conventional AFC structure. The AFC structure is

able to achieve this co 03|te 15 Mt reduction w thout

i ncreasi ng the M Degiled e ipok e lovapsion| ayer s above

plifeaexi mum Mt of the Si ngI e lower layer in the

—conventional AFC structure, and therefore avoids the

SONT. H@é@;ﬁlaﬂaﬁ&som oasssedidyl srnetirasOedio wah aVahtifefroin@gnetical ly-

| o ers. For a_fuller understanding of the nature
¢ E&M%?Wng aprEdigg to the et %n%he digh arbsisete 11 isany

suil81¢l 1Hatbgal NRAE al §1a§sh§1(',f/§f '(:QWnﬂg Qaq{zab ﬁ]dAﬁ?%gﬁé zfs%unthfa NiP
t aken toget her wrth the °20 aceg npanyi ng
supiase cogdingo h@fseeldhayebﬂ s angppiEbf] ldyet thaemay Bphsedfio Sﬁ]}dlave the growth

di t thousand fl ux changes per
o B uh R 17 AR Dk i 7 PO SO MR oA bon D st s
nSimdiStibr RchAVIIRG. Fht GMRNaYeRY EhaM thitkals id thel rQﬁéeQﬁ%%ﬁjrommately 1
Mt. FIG 2 is a schemati'c sectional view of

toradghe end israse oF dien@at@ﬁaé:k seghordi, Bl it HlAltdnequfrlJ whichate, useful as seed
E ' i onal . .vi.ew an _AFC nmagne

st don B B BIRk i B St i AT e s

criyht@lind oﬂhﬂu’&:’ﬁorishﬁ ]ﬁ@ﬁ&dﬂh}i@ (Mtish@bn)trhe M besised 6Etwedn e glass

his invention as a function of
substrate 11 and the seed layer 12. The underlayer 13 is deposited onto the seed layer, if

present, or otherwise directly onto the substrate 11, and is a nonmagnetic material such as
chromium or a chromium alloy, such as CrV, CrTi or CrMo. The underlaver 13 has a
thickness in the range of 5 to 100 nm with a typical value being approximately 10 nm. A
protective overcoat (not shown), such as amorphous carbon, is formed as the top layer over
the AFC Jayer 20.

The AFC magnetic layer 20 is made up of a lower ferromagnetic layer (LL) 22 and an
upper ferromagnetic layer (UL) 24, separated by a nonferromagnetic spacer layer 23 that acts
as an antiferromagnetically-coupling layer. The nonferromagnetic spacer layer 23 thickness
and composition are chosen so that the magnetic moments 32, 34 of adjacent layers 22, 24,
respectively, are antiferromagnetically-coupled through the nonferromagnetic spacer layer 23
and are antiparallel in zero applied field, i.e., the remanent magnetic state. The two
antiferromagnetically-coupled lavers 22, 24 of layer 20 have magnetic moments that are
oriented antiparallel, with the upper layer 24 having a larger moment. Thus Mrty,_is greater

than Mrty;, and the composite Mrt for the AFC layer 20 is (Mrty; - Mrty)).
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the Mt of the lower layers. Detail ed Description of

the Invention 5 Prior Art FIG 2 illustrates the cross
sectional structure of a disk with an
antiferromagnetically- coupled (AFC) magnetic |ayer 20
according to the prior art. The disk substrate 11 is

any suitable material, such as glass, SiC/Si, ceramc,
quartz, or an Aft alloy base with a NiP surface
coating. The seed |ayer 12 is an optional |ayer that

may bBe puiferrersagnsts svwliaef fromaeneliy lofery viea npeferrpagenetic

I

i e AP e L ke S T S ST R R T Bt Bp eveensivny

stbd]yé and @esodbediintthd Klenass. Ingehbal, nmeh@fge P 9X osaN &by from
to 50 nmand is one of the materials, such as Ta,
fwaganAP apiIerQmeEnani Ve insTsasigetParcr ke bisknesya Tais agridatory

céu%'lmﬁ) FQRRIA R meleg{eQFAeHerﬁfl céng?‘ngt?cgnl@nst é%cr%g% ﬁgn et al. in

| ayers 1 n ce taln preferred I e or|e
"(}scpiaeloseeﬂixcayme Covpting hnmmm)agmm)reaitsaeblemﬂc quiewaﬁme
t he gl ass_15 subs 11 and the seed | aye
SRR DRI SR B e Letie Voot ha9aF (199). The materal
ccﬁﬁlﬁﬁﬁfﬂnvs nﬁflud%tfgﬁ&‘ﬁ‘agclﬁtlgia&@&%éﬁe %T‘bg Iteh Ri %Q%ﬁefalaz;lﬁ)ly},;such as Ni--

and is a nonmagnetic matérial such chrom um
FeMofiouandald-dyo, asd,lcdmfmomgﬁetlﬁp'ﬁcerdaye@sth aéme, chromium (Cr),
under er. 13 S a t he_range 5 to 100, .
AL DEMCH e DS et B PRSPt bR o ot Pt 5Sbination
thR lo@¢i BAb Ve cRMRE CO@S1ing ROkt STRAW Has t&%&t@ﬁn%‘)ff BBPM?eady known, so
carbon, is forned as the top | ayer over

thprﬁth@esw@hgp@fmn@m@c braperriayzo is ‘glen@d@o gﬁpm@fanaferromagnetlc
4 gm %bétﬁfegx? Sq”érgor?%%?t]%%yerz %lge pe{gl%ga oscAll?:Blon depends on the

magnet | ayer Separ‘at €

nordert @namREg fricean S pad Shut hikydien 28 ahd hasa6f the 08&1&Bry coupling also
antlferronagnetlcally coupling layer. The
ISRt brbgrRmagaeiparienal g arerigidl grelthess  and

go LS tHst[F@&ﬁmﬁHQ 56 &e%ﬂne&%ﬁB%&fﬁ%éggg ! IEI\E/ ﬁlo;r?quspi\tef 31?’ %f adjacent

4 of adjacent |ayers 22
feammiafeaticd apmgnsd, |2¢aiekge€n‘€nlljaIaeadaltghed)mgfpatahel and thus add destructively.
BQC%Ggeet (ri('?\zsrnu}>a ergl%tnlla%na c g},?errs in t F% structure serve different functions with
respect to recording, their material properties are substantially different. The upper layer 24
typically has small magnetic grains with almost no intergranular exchange coupling, and has
high intrinsic coercivity (Hy ~ 8 kOe). These properties for the upper layer 24 are geared
toward obtaining the best SoNR. The upper layer 22 is typically a CoPtCrB alloy such as
CogsP113Cr 9B 1g. The lower layer 22 is typically a material with a large amount of
intergranular exchange coupling and low intrinsic coercivity (Hg ~ 1 kOe). These properties
facilitate the PW 50 reduction and the material is typically a CoCr alloy, with low Cr content
(Cr <15 atomic percent), such as CogyCry;. The material used for the lower laver cannot be
used as the upper layer for high performance media. The nonferromagnetic spacer layer 23 is

typically ruthenium (Ru).

FIG. 2 is shown for an AFC magnetic laver 20 with a two-layer structure and a single

-6-
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and are antiparallel in zero applied field, i.e., the
remanent nmagnetic state. The two
antiferromagnetically-coupl ed |ayers 22, 24 of |ayer 20
have magnetic nonents that are oriented antiparallel,
with the upper layer 24 having a | arger nonent. Thus
MtUL is greater than MtLL, and the conposite Mt for
the AFC layer 20 is (MtUL - MtLL). -5 The
antiferromagnetic coupling of ferromagnetic |ayers via
SRACROAYET r"‘@ﬁg@?@@ with nagra thanttive fermsnagnesplagers ahdigdslitjorlal ke

: t : I r 20in FIG 2 been .
o Er b M S B B ik e e Pn P b wedia have
btan apbteraahievd hiegh e xehangeinceupbiitovaseiisiakes from
ferromagnetic to antiferromagnetic wi th increasing
spacer layer thickness. This oscillatory 5 coupling

TB@hﬂ%ﬁt hip for selected material conmbinations is

ed by Parkin et al. in "Gscillations in
gxchah@mvanimpliss mgAﬁ@dmhﬁ@m@Cg (?rm }ag@niegt 1&@5%&& ©f AFC media
t t t : , N

anprableqlapee Rt nd Pt Bacohieved pthopispemyompine SrRera siructure
isGAGRA NAEIR A% hATARTBINSb] foniD:
O S P b 58 LR R b Ty RS AR Blon
uikisrla@e 1 13 a0d seedfayer bitagnesibstrapatker | ayers such as Ru,

chrom u , rhodi u Rh), iridium(Ir), copper ,

(Cuy TRERRE et 1205 es FHNeE skt Sichirerilo i pper Trromagnetc
1a9N DI ))3%0,0Rd an bMEeRSBhlAEANVCRYHIAAGS 169U @leﬁ&g%%/netic layer 140 is

relationship has to be determned,” it not alrea
caligé Wie, upper ferrpmpenchie [k bécaessat isfthet thpmpgidyer irothve @€t stmcture 120.
anti f

TRERGE 12 a'ys%ructiu§e ch)%ip\?gestft%o %ﬁgrr gP?uegrregérégyg‘Fsg(?:ﬁi: sz) (122, 126,

coupl’t ng bet'ween err

rep,mctioaypﬁenomggﬂekiadliyoa)uﬁaaaeﬁss PierohRgnARAARES %'ﬂa‘%} 5. AFC

spacer material, but the strength ana phase of the

layardli2f (hat Byqrepgapt magneticswriasy zeresepliest ropeneke field). The magnetization
fer ' ri | Nt i al it Egr

S EIATRGRE N T 05 el HLRLPEL Ao P14, 52 1y e omer

statetba tigedidns Qhallothe adpweeniild beeevepgdagneti ¢ | ayers 22,

24, respectively, are aligned _antiparallel and thus add
dest TR ORpgRetitillyceayping BuertIag 13 i onertldhdt ber mgprosition and

thicRBes@irézufi Ing U Fetfofnag Rl Eex@hdripE EEIHink WRELERNS2 WM AN Preferably the

layer 125 should have a hexagonal-close-pack (hep) crystalline structure to promote the
growth of the hep Co-alloy ferromagnetic layer 126. The material for
ferromagnetically-coupling layer 125 is preferably a CoRu alloy, with Ru greater than
approximately 40 atomic percent (at.%) and less than approximately 70 at.%. Other elements
that can be added to the CoRu alloy include B (less than approximately 20 at.%) and Cr (less
than approximately 20 at.%). Other materials for ferromagnetically-coupling layer 125
include a CoCr alloy, with Cr greater than approximately 27 at.% and less than approximately
45 at.%, and Pt and Pd. The thickness for these ferromagnetically-coupling layers should be
between approximately 0.5 and 5 nm. The exchange constant J characterizing the coupling

across the ferromagnetically-coupling layer should be greater than approximately
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respect to recording. their material properties are
substantially different. The upper |ayer 24 20
typically has small magnetic grains with al nost no

i ntergranul ar exchange coupling, and has high
intrinsic coercivity (Ho - 8 kCe). These properties for
the upper layer 24 are geared toward obtaining the
best SONR. The upper layer 22 is typically a CoPtCrB

0. 0:‘%"I pgSYbnSZL{%J le%g‘rta}}agr%?}%e&ﬁat%i 8%’0% ggs; ch’? l’\@?&?rqull xfia s R% a.h§ Cr, which

ex}h.ﬁtt ascgnamyloanp!mgcﬂwgger ﬁ‘:ﬁhl phd:lmgssamdn geayeouht psormiauy be used as
coercivity These, properti.es

ferf%@’?‘f%ﬂ'é{f’ﬁé nrg\}\wr% 'édﬁlaeﬂ (G Wne TS A @FO the ferromagnetic
regg%g'tﬁé"ulﬁe Qflqg%ea@rlﬂﬂ% 0.9 érgsé@w Cr_content (G < 15

om c percent), such as Co 11. The material used
f or Thla EIIJ losan Mrayentee danolic dnen ofubeMragalodseoflippend LaleThese

for per formance redj a. . The nonfe romagnet.i r
felﬁta‘gﬁéﬂnﬂlqegaretrwiearqdwr% Kk DR fanppe 55 136 Wovkpe
corgﬁgs@%ﬁ\ @tm@%ﬂr&:tﬁr@\{?ﬁ 1s2£vé4‘{'1§ a two-layer structure

a single -6 spacer |ayer- AFC nedia with nore than
two ferromagnetic |ayers and additiona

antiferro |caII coupl.i.ng sp cer, l ayers have been
sugé&?ﬁ@ﬂmnﬁu He- s Huﬁegﬂg i%n able to achi eve
both a reduction in conposite Nrt and SoNR . 5 The

I nvention The invention is an AFC nedi a that overcones
Eat:lhef welerentayerslililalidren biveandinsaia to thsdnaiapnddrt jobihssingle
louﬁ{ ]gy ?n t%\é\égnventlonal %h% %%%%rﬁzl%rég?li;te tﬁg I('E'Bm Qgr tl%lsl\gxg ré?r?fl\ﬁ}_ra

achi awrmil%ﬁn frfa,fermdg méaﬂrt&)f@ﬁm@(ﬁﬁt lcﬂ’naalla»idfs%b{/aghe tnakkduraMit of the
seed |layer 112 on a substrate 111. 10 The AFC |l ayer_ 120
mcgwﬁwrers yergn nfm@mrnég@éw AhG getcite thee s npdagrsiarion in SoNR that

wdufd &t QQR@E&% ccau E%(\/quy- (\:‘%Qofjaﬂ Q1 AGe Bhyer layers. The AFC structure of

ant erronagne IC upling l'ayer 127.” Ferromagnetic
thik &wntid}’ﬂ&nib& ma&ialvigchut the na@herchﬁlfgenmagn}msnmnloayerease the
th li}g%:sslfl gie any of Ithse l?a&gr ta;f)ers rom tLag mpclpsﬂlotnha%d ¥ ness ofClLe single lower
layer in the conventional AFC structure. Since UL 140 is antiferromagnetically coupled to the
lower layer structure 121, and the bottom ferromagnetic layers LL1 122 and LL2 126 are
made of thin alloys with a low intrinsic coercivity Hg, like the alloys used in the conventional
AFC structure, the magnetization pattern recorded into the upper ferromagnetic layer UL will
determine the magnetization orientation of the lower ferromagnetic layers LL1, LL2.

FIG. 4 shows the composite Mrt of a series of these structures as function of changing

nly Mrtyy, (assuming Mrtyy; = Mrty;2). The larger the value of Mrtyy, the smaller the
composite Mrt. By increasing Mrty;; up to approximately 0.13 memu/em’ the composite Mrt
can be reduced by 0.13 memu/cm? below the reference AFC structure (0.22 memu/cm?
compared to 0.35 memu/cm?). The AFC structure of this invention thus achieves a reduction

in PW50 for a given UL thickness without compromising SgNR, and thus overcomes one of

the fundamental limitations of conventional AFC media.
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The | ower |ayer structure 121 conprises two | ower
ferromagnetic layers (LL I, LL2) (122, 126,

respectively) ferromagnetically-coupled across a
ferromagneti cal l y-coupling | ayer 125. AFC 15 | ayer 120

has two remanent magnetic states (zero applied magnetic
field). The magnetization direction of each layer in

one of these states is shomn by arrows 132, 136, 142.

n the ot st at h the arrows
woul ereeTPakmEsae Tonbe Fi 6 Ty et HBr PULGBvR fifamacety
16 38927 S1oRY pefBdne (dt 84), PHSwEASpBrok INREIS 1Dial 2080, and B between

thickness resulting in ferronagnetlc exchange couplin

apm”bxxhay@y 3 an®20 au6 OtRrslasicals ychize TapGn| beyddedi@shishediritB alloy.

h | - Kk t-al | i
T DB P AL RACEPENON CBROLRd e b PS5 PEF pIRL LT Beweer
apﬁr@Mﬁ{atelﬂ@andT heatmt ethalelchents hebe aﬁ@gn@tﬂmabtyaam@mchm B (less
| ayer 125 is preferably a CoRu alloy, with Ru greater

than %)aﬁp f]gs&t %at)%h@dd{t é]m;scthfy'e Fe a}n@ ('54 ls%;pegﬁ:gy |bgreficial to the

segé%%a éan BP {h? r nboelu(lyoa T ag)%g Iasn C?l%déqﬁéhfaltlggmt ltaxlg]aéro&fﬁ'pofqge

su@@@feﬂﬁy ﬂ"éﬁcﬁite}ﬂ ROerat TH@ UBRéh ko bt & 86mpdite HlHnof two or more CoPtCrB
proximtely 20 at.%. Qther materials for

NP RFSRRRIIOP AP s BF‘i] Aigeckly pashangescoupledip gaehptiegg gReferences
hell%ln t8¥h mﬁﬂbsgon %r%g:oz Fhetlﬁ@unlﬂ?lg Ipfﬁ'e %&r%%ey co%?o@ﬁror{oo@m multiple

gss than appr oxi y and
anbﬁmﬂheeHSmhabnthaerLerronagnet|calIy coupling layers

houl d b bet t 0. d. 5 Th .
oo B 8 CoSRELAR R BRADAt R PP T NG SO Sy gy o
IO\LQ‘?%)I R Raneiit GRd ioY’veF %g&j dufBtutaM Y inthiab bie B Bfe@@tRIonal Tower

approxi mately - 2 ergs/cnf but |ess than
Ia)aprand)conaslpeh@mg)f%@ﬁellgg@k@ﬁﬂcomsﬂa}’atss Redpstingto TG dnfithere were

o B rest RS ARARB L RaNt Btk £y bR hettitihy-
colyfifnk QARE RRLIMAR! bt N Rd a'l‘l)d@liéthﬁrfﬂ IoM&‘rﬂﬁbfd‘ DBB I\wou d be Jocated
thi ckness is adjusted into the ferronagnetlc

betveen Vel sgeongffeoragngtieaiiyesouplingring ap Eérrog@gﬁwall‘scwél“&Lavef 127.
[l]ﬁlss exgﬂgw%tthe %EI%EE)S?{B I‘JIH Wk I)\q:(,s Hmcﬂfre WaG1d\et ex}ﬁ?cjsééﬂsasm LL

MrtcomposiTe = Mrtyy, — (Mrtyyy + Mrt 112 + Mrty 13} {Eq. 2)

The Mrt of the UL in this AFC structure is greater than the sum of the Mrt values of
LL1, LL2 and LL3. In this example, if the Mrt of each of the three lower layers was
approximately 0.13 memu/cm? (approximately the maximum Mrt of the single lower layer in
the reference AFC structure of FIG. 2) then the composite Mrt would be reduced by
0.26 memu/cm? below the reference AFC structure (0.09 memuw/cm?® compared to 0.35

memu/cm?).



relative Mt values are represented by the relative

l ength of arrows 132, 136, 142. The conposite Mt of

the AFC structure 120 is given by: MtCOWOSI TE - Mt UL

-- (MtLL] + Mt LL2) (Eg. 1) 10 Each of the | ower

| ayers LL], LL2 can have an Mt equal to the maxi num

Mt of the single Ilower layer in the conventional AFC
structure. Because this conposite Mt reduction is

achi eved wi thout increasing the Mt of any of the | ower

I ay éWhilaM\peestmenmxdbmhm lMen pafictlagy slsivwigdnel deswered vathaeference

SRt BROPHMGORR LS Y Bab e o2 1D be g aion

chQ;Y ets@rpfdrﬁragn@ defail@ayMetmd g vhh'%u{ &’é’fﬁﬁlﬂga})’&ﬁ the SEHR af%_'gzope of the
structure of this’invention can be made w thout the

inveatidnt 4codrdingly, thealisstispbimiventon iofo bawoneidered niveely as illustrative and
. thi ess o ers fromthe
s ar et b fibedied Mane SR IER | oy 1 ayer in

t he conventional AFC structure. Since UL 140 is
antiferromagnetically coupled to the |ower |ayer
structure 121, and the bottom ferromagnetic |layers LL1
122 and LL2 126 are 20 made of thin alloys with a | ow
intrinsic coercivity Ho, like the alloys used in the
conventional AFC structure, the magnetization pattern
recorded into the upper ferronmagnetic |layer UL will
determ ne the nagnetization orientation of the | ower
ferromagnetic layers LLI, LL2. FIG 4 shows the
conposite Mt of a series of these structures as
function of changing only MtLL1 (assum ng MtLLI =
Mtt,L2 ). The larger the value of MtLLI, the smaller
the 25 conposite Mt. By increasing MtLLI up to
approximately 0.13 nenu/cnR the conposite Mt can be
reduced by 0.13 nenu/cm 2 bel ow the reference AFC
structure (0.22 memu/cn2 conpared to 0.35 nenu/cnR).
The AFC structure of this invention thus achieves a
reduction in PWO for a given UL thickness w thout
conprom sing SONR, and thus overcones one of the
fundanmental limtations of conventional AFC nedi a.

-10-



-8 The preferred material for the UL is a CoPtCrB all oy
wth Cr between approxinmately 16 and 22 atom c percent
(at.%, Pt between approximately 12 and 20 at.% and B
between approximately 7 and 20 at.% O her elenents,
such as Ta, can be added to this CoCrPtB alloy. The
preferred material for each of the |ower |ayers LLI
LL2 is a CoCr alloy with C between 5 approximately 5
and 24 at.% O her elenents can be added to this CoCr
Vilidteyclabushisas B (less than 6 at.%, Ta (less than 5
at.% and Pt (less than 10 at.% . Ta is especially
beneficial to the segregation of the O in the CoCr
aIIoY as well as facilitating the epitaxial growh of
t he lsubs®duASAENGEHIPHEIdEFOMRYEINS. The UL can al so be
a conposite UL of two or nore CoPtCrB all oys stacked
on toaputsfrateach other and directly exchange coupled to
each other. References 10 herein to the conposition

r ange fiest 1dviee fddkonvighétidTedd oh i AVEFRQEdINITRS rem@Rer®magnetization
the nmultiple aIons if the UL is a conposite UL. The

WFﬁh‘?‘éﬁhyﬁtt léﬁ@ a %&R%ﬁm tﬁlcﬁl‘}gs bﬂoﬁh&%nt o the

I n‘p ementati on w t | ower ayers For

d
mor e K Wﬁs‘ﬁa@fﬂﬁfwﬂeﬁagﬁfe%t%sﬁaﬁé %fé“%lﬁ%ﬁ%‘ﬁnﬁag Byef'
ferromagnetical | y-coupling Ia¥ers Referring to 3

i f t hEscanquomsT Teriomagneiis lpyer ap eofﬁgs?@asr&y%%lbf Goypli %}@Ver and having

| ayer structure 121, then a second ferromagnetically
arg ling layer would be |l ocated on LL2 126 and the
third | ower layer LL3 would be |ocated between the
s ec omdarftiferr onmgaddailg-abbplingdayet bm theanabndndwer ferromagnetic layer; and
ferromagnetical l y-coupling layer 127. In this exanple

the gp @ ﬁetﬁfla ben e@nﬁfeﬁ‘r‘éﬁfla &ic L&ipB@e layer and havin
expresggg as: 2 CS TE = % m%nrtfﬁlg ert £

arl‘]lv’l?‘t Qre%rt thk[:l')’?he glﬁ'g Of%‘)ﬂ I}E&ﬁ/ﬁ%g Oﬂme 'i‘lpﬁ %SéCﬁ}rJ n)IV\-% ‘ﬁﬁ%m netic

ture 1s greater t e sumo { val ues 0
iLL1 LL2 and LL3. In this exanple, if the Mt of each
4 *the three lower layers was approxi mately 0.13

menu/ cn2 (approxi mately the maxi mum Mt of the single
| ower layer in

2. The disk of claim | wherein the lower ferromagnetic layers are formed of

substantially the same material.

3. The disk of claim | wherein the lower ferromagnetic layers have substantially
the sarme Mrt.
4. The disk of claim 1 wherein the ferromagnetically-coupling layer is an alloy

comprising Co and Ru, wherein Ru is present in the alloy in an amount greater than

approximately 40 atomic percent and less than approximately 70 atomic percent.



25 the reference AFC structure of FIG 2) then the
conposite Mt would be reduced by 0.26 nenu/cn? bel ow
the reference AFC structure (0.09 nmenmu/cnR2 conpared to
0.35 nmemu/cnR). .9_ Wile the present invention has
been particularly shown and described with reference
to the preferred enbodinents, it will be understood by
those skilled in the art that various changes in form
and detail may be nade w thout departing fromthe
spirit and scope of the invention. Accordingly, the
di scd osedj I ONn_i.S be. ¢ ] A .
1T st ad s Bl R bR RSB EL o By g an aloy
in the ended claipgs. Wiat .is claimed is: |. A
COHGHTERE) (< S IR L SR PESARIR Sherffoy TAnerR&yY Bcater than
first lower ferromagnetic | ayer on the substrate and
apipeoximetely Feemsmperasnipndtlest dhancapprovmatelytdi xpie psreentand
a remanent - magneti zati on-thi ckness product Mt: a
ferromagneti cal ly-coupling | ayer on the first | ower
ferromagneti ¢ | ayer; a second %omer ferromagnetic | ayer,
on tthe T ehtectkHEN B FHeBAE FFREmPaLea B e RIS fyergpnsisis
Mt; an antiferromagnetically-coupling |ayer on the
esgentiolylof BvsPdf er r omagnetic | ayer; and an upper
ferromagnetic | ayer on the
antiferromagnetically-coupling |ayer and having an Mt
greater than the sumof the Mt values of the first and

second | opRydidkes i IRINGhdrEin thedtbomagiboticdMecéliptikg Pdyer has a
claiml wherein the |ower ferronmagnetic |ayers are

thfc?ﬁggg %e@eeﬁ H%Bﬁ%alte% b3$ 3519% nitMe materi al .

8. The disk of claim 1 wherein the ferromagnetically-coupling layer consists

essentially of Ru or Cr having an exchange constant greater than approximately 0.02 ergs/cm’.

9. The disk of claim I wherein the ferromagnetically-coupling layer is a first
ferromagnetically-coupling layer and further comprising;

a second ferromagnetically-coupling layer on the second lower ferromagnetic; and

a third lower ferromagnetic layer on the second ferromagnetically-coupling layer;

and wherein the antiferromagnetically-coupling layer is formed directly on the third
lower ferromagnetic layer and the upper ferromagnetic laver has an Mrt greater than the sum

of the Mrt values of the first, second and third lower ferromagnetic layers.



3. The disk of claim1 wherein the | ower ferromagnetic
| avers have substantially the same Mt. 4. The disk of
claiml wherein the ferromagnetically-coupling |ayer is
an alloy conmprising Co and Ru, wherein Ru is present
in the alloy in an anount greater than approximtely
40 atom c percent and | ess than approximtely 70 atom c
percent. -11 5. The disk of claim1 wherein the
ferromagnetical ly-coupling | ayer is an all oy
conpi-si ngheSbislanticl@m 1 whencii the Wpper ferpmengeetic layertihan alloy
alloy in an anpbunt greater than approxinmately 27
cahpiditg 06/1e0t ardlBl dn@ S8 etchadhcRBPTHRAGWEL fedrymddnetit RIS is an alloy
percent. 6. The disk of claim| wherein the
c$@ﬁﬁgﬂ@gg§$d@glly coupling layer consists essentially

or Pd. 7. The disk of claim1 wherein the
ferronagnetlcally coupling layer has a thickness
bet ween approximately 0.5 and 5 nm 8. The disk of
clai m.l wigs éklnof N1ginf BI wherBigiRatH Sfahé Woved ftdnit@nétayi@fers is an alloy
consi sts essentlally of Ru or C having an exchange
ffteRst er than approximately 0.02 ergs/cm 9.
The dIS of claiml wherein the
ferromagnetically-coupling layer is a first
ferromagnetical | y-coupling |ayer and further
conpi2.si NThe ésleeCameh | %Er@m&a@@ttlf@ﬁd,rhaf neAeHdlyLdagpliyieyers is a

on the second | ower ferronagnetic; athird | oner
n‘fa?eﬁ'fapm%tf}&n h% 5 &mg E‘l‘ﬁu Qt'ﬂgmum (Ru), chromium (Cr) rhodium (Rh),
ferronagnetlca up |ng and Wherein

H%P ﬁFjQﬁEﬂ ”%éa %éf?@ﬁéllng_layer is forned dlrectly

gnetic |ayer and the upper
ferronagnetlc | ayer has an Mt greater than the sum of
the Mt values of the first, second and third | ower

ferromagnetic |ayers. -12
13.  The disk of claim 1 further comprising an underlayer located on the substrate

between the substrate and the first lower ferromagnetic layer.

14, The disk of claim 1 further comprising a protective overcoat formed over the

upper ferromagnetic layer.

-13-



10. The disk of claim| wherein the upper ferromagnetic
| ayer is an alloy conprising Co, Pt, C and B, and
wherein each of the lower ferromagnetic layers is an
alloy conprising Co and Cr. 11. The disk of claim10
wherein each of the |lower ferromagnetic layers is an
alloy further conprising Ta. 12. The disk of claim!]l
wherein the antiferromagnetically-coupling |layers is a
material selected fromthe group consisting of

r ut hieni um (RayeticareE g HsKCoMpripRgdi um (Rh), iridium
(I'r), copper (Cu), and their alloys. 13. The di sk of

cl aiasubsttaie;tdadr conpri sing an underl ayer | ocated on the
substrate between the substrate and the first | ower

f er r QNRGRStdntagh@Y&Ny-cddbled f8icRirS kn Bfe sGbiatd dndfHatinB@Ro remanent
conprising a protec¥|ve overcoat forned over the upper

. - . r
m C%Tﬁ%? Irsrtg%% gﬁ {hg aé%\bﬁg{ ‘r’% z%néa;%pg{gd dm’g%r{gﬁg rﬁ%?d, the' BRALA Jb%ﬁfsﬁ'nlé
antiferro neti cal |l y-coupl ed structure on the . .
Subse} BB L R E Vo oY S AHBR( TORAIRE PN AIQM 7 thickness
t he absence of an applied magnetic field, the structure
andanismiasergnagastizatipn iy eknessspdyce Mg iy Briomapagiisallyequphige layer
a remanent magnetization M, a thickness t and a
orr tarding e werdgmern gatic bayert, i) clspesd lpwadactombgrtetic fdyfr en the
ferromagnetically-coupling layer on the first |ower

fefBfa OREAR AI-ESuplinY Blyer 4nd)hading@s e, (dPWeintifetsroameneatlycoupling
| ayer on the ferromagnetically-coupling |ayer and

1a0&\gn"1He ?é&oﬁ{ﬂ; fowet %ﬁ%’%? Thdr T RNARONEL dp%@% feVrofRBRhicMer on the

ayer on t secon erromagnet i ayer; "and (‘e)

upper ferromagneti c |l ayer.on t
oot PR s N EPPRNTE o sl Al WLV sy than s gmie g M vaves

reater than the sumof the Mt val ues
of the first and second lower ferromagnetic layers;

and wherein, in each remanent state, the magnetization directions of the first and
second lower ferromagnetic lavers are substantially parallel to one another and antiparallel to
the magnetization direction of the upper ferromagnetic layer, and the magnetization direction
of the upper ferromagnetic layer in one remanent state is substantially antiparallel to its

magnetization direction in the other remanent state.

16. The disk of claim 15 wherein the lower ferromagnetic layers are formed of

substantially the same material.

17. The disk of claim 15 wherein the Jower ferromagnetic layers have substantially

the same Mrt.

-14-



of the first and second | ower ferromagnetic |ayers; and
wherein, in each remanent state, the magnetization
directions of the first and second |ower ferromagnetic

| ayers are substantially parallel to one another and
antiparal let to the magnetization direction of the

upper ferromagnetic |ayer, and the magneti zation

direction of the upper ferronagnetic |ayer in one

remanent state is substantially antiparallel to its

magnkt.i zatheodiskiefragmi rwvhanein e fotrbmegnetinallyesoupingiaper is an alloy
16. The disk of claim 15 wherein the | ower

cn@ITsHEBOM 8dd Ru | \abeedis Rarneplesinietkho bllGuinsh aniousd dryatérian
sanme material. 17. The dISk of claim 15 wherein the

t nme
oy 0SB Y00 e ke

ferromagneticall y-coupling layer is an all oy

conprising Co and Ru, wherein Ru is present in the

al | oyg.i N Bk @EOLIGIaigY Bk Rdreih R ferrappEmRGtATBL @uplidDlayer is an alloy
atom c percent and | ess than approximately 70 atom c

O?gr% Co 4 CI mﬁeﬂ:‘u?&r for&e Al e WD &1 &i zﬂn&n@ greater than

rro gnetlca coup |ng ayer is an al

) |
srr i 2 gt et E eharra e s Tt rien
atom c percent and | ess than approxi nately 45 atom c
percent. 20. The disk of claim 15 wherein the

ferr g Y
AT 9L bREVES L0 Ok SORBILE ASEBI B oonsi

ferram t| I1'y-coupling |ayer has a thickness
e%%}t\ﬁ@éﬁggg‘brr%ﬁi mately 0.5 and 5 nm 22. The disk of

claim 15 wherein the ferromagnetically-coupling |ayer
consists essentially of Ru or C having an exchange

constant greater than approximately 0.02 ergs/cn®,
21. he disk of claim 15 wherein the ferromagnetically-coupling layer has a

thickness between approximately 0.5 and 5 nm.

22. The disk of claim 15 wherein the ferromagnetically-coupling Jayer consists

: : : 2
essentially of Ru or Cr having an exchange constant greater than approximately 0.02 ergs/cm”.

23. The disk of claim 15 wherein the upper ferromagnetic layer is an alloy
comprising Co, Pt, Cr and B, and wherein each of the lower ferromagnetic layers is an alloy

comprising Co and Cr.

24, The disk of claim 23 wherein each of the lower ferromagnetic layers is an alloy

further comprising Ta.

-15-



23. The disk of claim 15 wherein the upper
ferromagnetic layer is an alloy conprising Co, Pt, C
and B, and wherein each of the | ower ferronmagnetic

| ayers is an alloy conprising Co and Cr. 24. The disk
of claim 23 wherein each of the | ower ferromagnetic

| ayers is an alloy further conprising Ta. -T5 25, The
di sk of claim 15 wherein the
antiferromagnetically-coupling layer is a materi al
selected fromthe group consisting of ruthenium(Ru),

chr u ium (1r), ., co r .
O St AT B PRI G088
further conprising an underlayer |l ocated on th

magHY P sEIE0 HOryibe S UREOBBIE ATEN S TR, EROGHUT Gy thodium (Rh)
ferromagnetic layer. 27. The disk of claim15 further

indomp(liscapgen( (u.ond ¢haivadlogs.er coat forned over the upper
ferromagnetic |l aver. -16

26.  The disk of claim 15 further comprising an underlayer focated on the substrate

between the substrate and the first lower ferromagnetic layer.

27.  The disk of claim 15 further comprising a protective overcoat formed over the

upper ferromagnetic laver.
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