8 February 2006 ANTI FERROVAGNETI CALLY COUPLED MAGNETI C RECORDI NG MEDIA W TH
CoCr Fe ALLOY FI RST FERROVAGNETI C FI LM Rel ated Application 5 Th$ EC%E‘IY@@Q@ on
is related to pending application Serial No. 09/631,908 filed August 4,
2000 and titled "ANTI FERROVAGNETI CALLY COUPLED MAGNETI C RECORDI NG MEDI A

W TH BORON- FREE FI RST FERROVAGNETI C FI LM AS NUCLEATI ON LAYER', which is

i ncorporated herein by reference, 10 Technical Field This invention rel ates
general |y té%@ﬂl@&é@(ﬁlﬂ hEY QOURERMA GNETIC RBECORPENG MERgAet i ¢
recording disk wt hVHhTIsIr@(f?el?er@hé@ﬁéﬂBSm VEBRROMAGNBETS hdMet i ¢
recording |ayer. 15 Background of the Invention Conventional magnetic
recordi ng nmedia, such as the magnetic recording disks in hard disk drives,
typically use a granular ferronag lcaligibh a5 a sputter-deposited
cobal t-pl ati nu ) V. zed
domain’in the rﬂq}{l@n@cha{)rg&ersla?cg th;‘énélﬁgggﬁll#}%H%Qh&irﬁ? %@@1%:}@ grains.

The transiAuwgRs 4pb2000ead tﬁ&dM@E@DM@I@NES‘I@&DLE’&B@UPLEE MRAGSETI the
recorded data. 1BM s US patent 789,598 and 5,523,173 describe this type
of conventRIFARDING MERIAW HHB%%{ ERE&&IB@%EE@R@MA@@IEJ&C@HPMCM di ng

di sks has hog) of t he netlzatlon M (where M
IS measur e%ﬂeﬁfﬁiﬁﬁay %‘1&?}1&% he ls “rr%“%ma‘e‘?ﬁ%‘ﬁl’%%y %gqq “of ferromagnetic
material) and the magnetic | ayer t hi ckness t has decreased. Simlarly, 25
the coercive field or coercivity (li.) of the magnetic |ayer has increased.
This has led to a decrease in the Mﬂﬁ. The reason for this
decrease is th t he to the af the

recordi ng head Rys F’é’g ar arrfa&ees %@rﬁgi’ Ocmﬁglfeélcaffcq{ 108 g |af1€m°r Tpgyan
Mt/H ingg c rdtosdiap dlsktwith %@ﬁ&#&ﬂ@gﬁeﬁ@allﬁ%ﬁédQQFG) Mnetié i%%ordmg

thickness t o the magnetic | ayer can be reduced, but only to alimt
because tHayest ored magnetic information so in the layer will be nore likely
to decay. This decay of the nagnetization has been attri buted

15 Background of the Invention

Conventional magnetic recording media, such as the magnetic recording disks in hard
disk drives, typically use a granular ferromagnetic layer, such as a sputter—deposited
cobalt-platinum (CoPt) alloy, as the recording medium. Each magnetized domain in the
magnetic layer is comprised of many small magnetic grains. The transitions between

20  magnetized domains represent the “bits” of the recorded data. IBM’s US patents 4,789,598
and 5,523,173 describe this type of conventional rigid disk.

As the storage density of magnetic recording disks has increased, the product of the
remanent magnetization Mr (where Mr is measured in units of magnetic moment per unit
volume of ferromagnetic material) and the magnetic layer thickness t has decreased. Similarly,

25  the coercive field or coercivity (H,) of the magnetic layer has increased. This has led to a
decrease in the ratio Mrt/H,. The reason for this decrease is that the parameter Mrt/H, is
related to the ability of the recording head to resolve the magnetic bits at high density.
Decreasing Mrt/H. increases this ability. 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

30  in the layer will be more likely to decay. This decay of the magnetization has been attributed
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-1 8 February 2006 to thermal activation of small magnetic grains (the

super paramagnetic effect). The thermal stability of a nagneti & Fgbmpiy 2086t o
a large extent determ ned by K'V, where K, is the nmagnetic ani sotropy
constant of the layer and Vis the volunme of the magnetic grain. As the

| ayer thickness is decreased, V decreases. If the |layer thickness is too
thin, the stored magnetic s information will no |onger be stable at nornal
di sk dri veodparal peiyabondf $Shahmagmiie sipps Ghe Bupesparaagisitgtefige).of he thiegnal
problemis to.noye to a.higher anisotr terial i.gher K'. However ,
Pha i nor b [TER Bl UGS 8T e ERB, AWRRhA by ke P Bire ey e HRRFER | o
appr oxi mataaidst @@y abnsisht 6f tHelYhyet Whd ¥ iS e Nhme Bf IRANSEHARIAR) AsBROYERS t 00
great to be witten by a conventional recording head. A'simlar approach is
t o reduce thiskn#gs indear¢ased. (V dergeases. cIf kheyleyerfthickness isxied thiayihe stonédcioagesc whi ch
will reduce,M since, M. is rﬁla}t&d {o VB bgt . this Is aﬁlllricﬁ.limted by the
coerci Vi t yRtonmanen, Wil go Jonger bie stablg ap pormal disk driye operatine FoRgItonse t he

i ntergranul ar exghangSachtOtteRBlutibl&f Bfid G6bleUEis IRGBEL [Fa NighttRis¥iBhy ﬁugl%rialb
magnetic grains is increased. However, this approach hasS been shown to be
del et eri oubigher Khg¢ Hotvevarsihe ingegynant Kt o-liitekby tieippirt SNiRye dfe cobreivigdhet i ¢

| ayer. is U.S  Patent 6,280, 86}3]%1 scri bes a nmagnetic ,re,coSdi ng nedi um

wher ei n t HEIAR GAPPIXIMACHHYRHG E%EMsgsawrat@a&a&%Z%n QIPEAEY 1R eFeat ies
antiferro I . I I.GS r
Fim O e A YoRRG RS o BaN e, PELARR: ApfiGRliit 6 FEARF L S gH6e
magnet joC ragetis lgkr fona fixad 1yet thickhesnapivhtwitlabduce MdtisihedMriid katay e My, bent ed
antiparallel, with the result that the net remanent magneti zation-thickness
product ( Nhis)s also lifrted by theenesri Ky thalean hegwiithen. (hpetBeresodeiqngs fhiacigpse thel ues

t the t e fi el i , . .
ot hout - a peFEBRTRCAEdee) ad M8 nd Brfeunp SIHE O Dothhel br 1R, BEARIPLIERSE,
recor di ng in@daded) Howeotr, theslagpedach@ae bedn dhoevnfte be @ekegstiiuk o fHelinBinkis made

t hi cker than the other, but the thicknesses are chosen so that the net
nmoment i n SiEMAbPRISE o (AN ef the magdetc jJayel.ow, but nonzero. In one

enbodi jyent of t ' : f i ' .
Goposi Pen ot QU5 SFFUTRAASLFREDES o BRRTER e el AREPH Hflpne

t hi ckness re@rdmgilagez & 4t heasenvta feromapmgicdiling antfeplongnégdaligeouplbe tdgemeCoPt Cr B
films.

across a nonferromagnetic spacer film. In this type of magnetic media, referred to as AFC
media, the magnetic moments of the two antiferromagnetically-coupled films are oriented
antiparallel, with the result that the net remanent magnetization-thickness product (Mrt) of the
20 recording layer is the difference in the Mrt values of the two ferromagnetic films. This
reduction in Mrt is accomplished without a reduction in volume V. Therefore the thermal
stability of the recording medium is not reduced. 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. In one embodiment of the AFC medium both
25 ferromagnetic films are sputter deposited CoPtCrB alloy films separated by a Ru spacer film
that has a thickness to maximize the antiferromagnetic coupling between the two CoPtCrB
films.
The use of a boron-containing alloy like CoPtCrB as the ferromagnetic film

composition in an AFC medium requires the use of a special onset or nucleation layer to
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The use of a boron-containing alloy like CoPtCrB as the ferronggr%{l 2Bbém
conposition in an AFC nediumrequires the use of a special ons

nucl eation |ayer to -2 8 February 2006 enhance the gromh of the CoPtCrB
films so that the CGaxis of these filns is in the plane of the filns. The
nucl eation | ayer, which is typically a nonferromagnetic CoCr alloy, requires
still another sputteri ntg station in the manufacturing line. In the

pr evi ous| yendancedhpgrauithg @pﬁlqpé@ﬁ Bhns Wbﬁtltb@@raxi%?fﬁb?ﬁa§ﬂ@$ iinfth¢ plerofithe

di b f
2 nuc eat 10 2y oRerlER b VARAE AR cftyd Rfaragbin B 2P it € 1€

f er r omagnehbtheRfditefinh 9MtibA$n fhefharif &rirgAling, ah i previensly iczed pefuigd) and
grain structure to produce excellent nmagnetic recordi ng performance for the

AFC r ecor dippbcdtiagpethe lowgr fegonlaguetwdilui mgha 4 FS medinaeis |adu®r¢ra9re¢ fermniagdetoe t he

i n- plane rom h of the.upper, CoPtCr er r omagnet | m t hrough the
Spacer | ayier g KOS GG P OB T R RLEE ROATGI R Gl theeriyer.
intri ns' c ”ﬁﬁ@'f@tr&ﬁég’iﬁuw@o@? auéy flas éifﬁ&bﬁt' s%ﬁf?&u&xorﬂﬁgdegﬂﬂtﬁfn (e, bhe gouer al |
signal -to-noise ratio in the disk drive. Wat is needed is an AEC medi um
wi t h r educedctoedioprodics exclemraragnaifc mtmdimg\performanctéoﬂﬂhe AR srebrding lageran
AFC magneti ¢, recordi.ng nedi um having at | east two ferromagnetic filns

exchange cdilsiady &e&geg YR DEFleRYY IRy e tdtuce Hie 1)-Phaedsaxis gr%wffért%whet ic
spacer fil pl ed (AFC) recording |ayer

t he matgnet({T:H(%D %Bneé?{ﬁna?%%gI@&n@?@aﬁﬂgﬁyﬁg%a&g}jf| | ms are oriented

anti pajeal | el , afdodtiusng freblenein magrrrie cordgg ficdiadt imiindid mpddnassseprideita
(Mt) of the AFC recording |ayer is the 20 difference in the Mt val ues of
the two f&ignéfigagheantabytpy Wsthewﬁ:rgllrsgaalcftOrramsei 1atiggn the diskadrineapVhattis aeaded Rout
a reducti t recordi ng nmedium The | ower
ferromgn%gl%ﬁqw%[ﬁ%%rg&?—%h?%egg;r {)IECS | ayer is a ferromagnetic CoCrFe

all oy that does not require a nucleation |ayer between it and the C all oy
underl ayer. The AFC nediumwi th the CoC Fe aIon as the first or |ower
ferromagnetic filmhas reduced i f e. 25 For a fuller
under st andi ng ?%@ i i on,
refere{me shouﬁf t%g@er?agw{& l?lg%lrfeg\%\?%gﬁ(gﬁ% Pﬁlgpéesc %tplflg%ﬁ\g aken

t oget her Medrdmbgietic films exchange coupled together antlferromagnetlcally across a

nonferromagnetic spacer film. In this antiferromagnetically-coupled (AFC) recording layer
the magnetic moments of the two ferromagnetic films are oriented antiparallel, and thus the
net remanent magnetization-thickness product (Mrt) of the AFC recording layer is the

20 difference in the Mrt values of the two ferromagnetic films. This reduction in Mrt is
accomplished without a reduction in thermal stability of the recording medium. The lower
ferromagnetic film in the AFC recording layer is a ferromagnetic CoCrFe alloy that does not
require a nucleation layer between it and the Cr alloy underlayer. The AFC medium with the

A intrincin madia naice

uced intrinsic media noise.

CoCrFe alloy as the first or lower ferroma

netic

'-1

25 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.



acconpanying figures. -3 8 February 2006 Brief Description of the Draw n
Fig. 1 is a prior art schematic sectional view of an AFC mgne?fébrﬂé‘é’@pﬁgng
di sk as described in the previously cited pending application. Fig. 2 is a
schematic sectional view of an AFC magnetic recording disk according to 5
the present invention. Fig. 3 is a graph of the neasured ratio of the

i sol ated signal pulse to the neasured noise (SONR) for transitions recorded
at different densities (thousdirieffDescriptiongfthe Beawing kfci) for several

di sks with the Fe lower AEC film .10 Detailed cription of. the
Invention Genel’&t " &3 RIPAES mﬁHCA?’f@o&als‘ﬂe“l‘ﬁéaﬁﬁ‘ﬁi%é&“&%@d?ﬂéqbﬁkﬁ of
the presenfestiyeIthi®prlediotllylcted p¥Rng E‘ﬁﬁlic*ﬂﬁén.a magnetic recording |ayer
made of two or nore ferromagnetic filns that are coupl ed

ant i f err onagnet Figa? isya {chBnatio s¢dienal viev gfi bo ARgmhegnatomagnéinigdidki dcoarding tone
or nore 15 nonferromagnetic spacer filnms. Fig. 1 illustrates the cross
sectionfl QEPIRSERHBYEFIOR disk 10 with an antiferromagnetical | y- coupl ed
(AFC) magnetic kgy T i . i i hal.
Such as gl ass. LRty e BapbelinCini et ialiv 8t el SRRl E iRk ke
surface co@yNRyforthmsisieasirdcayded afl iffesermdenyitiésqitalusaalyf@ix tHunges/ifely bekfadadr t o

i nprove the growth of the underlayer 13. The seed layer 12 is nost comonly
20 used whenNerahdiskywih the GoGrbeilewgbAREtHM- i ¢, such as gl ass. The seed | ayer
12 has a thickness in the range of approximately 1 to 50 amand i s one of
the materials, such as Ta, & Ti N Al or RuAl, which are useful as seed
materigds for pronoting the Dealed Discripfice af @i Inyedgmnesi ted |ayers in
certain preferred crystalline orientations. A pre-seed |layer (not shown) may
al so be uSerprgditysiie ohan AFEiskybstrate 11 and the seed |ayer 12. The
under | ayer 13 i.s_deposi: e ed. | £, 1f.presen or .ot herw se
directly onto t & %18%%6{{1%2%89{&&8 dgsgé)tfiﬁée p;‘rgsneglhmngéﬁé e Ofﬂnigﬁ o5 ttztal?t %ﬁﬁ@ﬁn%geuc
chrom um ofecérdfilpilaysr tindalof @Yo o ke Rsrofaynélic N thatiecouples | ayer 13 has a

t hi ckness in the range of 5 to 100 nmw th a typical val ue being
appr oxi mat @ltiferignaggetically (AF) to their neighboring ferromagnetic films by one or more

15 nonferromagnetic spacer films. Fig. 1 illustrates the cross sectional structure of a disk 10 with
an antiferromagnetically-coupled (AFC) magnetic layer 20.

The disk substrate 11 is any suitable material, such as glass, SiC/Si, ceramic, quartz,
or an AIMg alloy base with a NiP surface coating. The seed layer 12 is an optional layer that
may be used to improve the growth of the underlayer 13. The seed layer 12 is most commonly

20 used when the substrate 11 is nonmetallic, such as glass. The seed layer 12 has a thickness in
the range of approximately 1 to 50 nm and is one of the materials, such as Ta, CrTi ,NiAl or
RuAl, which are useful as seed materials for promoting the growth of subsequently deposited

layers in certain preferred crystalline orientations. A pre-seed layer (not shown) may also be

25  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 or CrTi. The underlayer 13 has
a thickness in the range of 5 to 100 nm with a typical value being approximately 10 nm.
The AFC magnetic layer 20 1s made up of two ferromagnetic films 22, 24 separated by

a nonferromagnetic spacer film 26. The nonferromagnetic spacer film 26 thickness and

-4-



The AFC magnetic |layer 20 is made up of two ferromagnetic filng_22, 2
separated by a nonferromagnetic spacer film 26. The nonferron%&%ﬁ??@ggﬁgcer
film26 thickness and -4 8 February 2006 conposition are chosen so that the
magneti c nonents 32, 34 of adjacent filns 22, 24, respectively, are

AF- coupl ed through the nonferromagnetic spacer film26 and are antiparall el
in zero applied field. The two AF-coupled filnms 22, 24 of |ayer 20 have
magnet i ¢ rompasision arfathoseresihpethe athgastic mamenisel2, 3dvof hdjaeent fippeR2.f24l m 22
having a | arger. monenf . Th ferromagnetic filnms 22 de of a

Cobt OB al BaC TR S Ap-caiFis dHSREER A8RtenDmahiTe Sesr il o u Hgadpadiiil
chrom um aneerd ab%li&pfi@lh.- %he @w 6 M F-dNHIAPHIne 20TR R elyef 26 RAEEhagetit MofkentsS
rut henium (Ru). "Because the first férromagnetic fil'm 24 of the AFC magnetic

| ayer 20 itkatare grognded andipasillel, ngthGbeuppd fdhl 23 havang/ @ kaygarmoméntydiheal |y 1 to 5

Co all . I i I is d i.ted ol h der |
13 Tha' nictestee tysroi i adhde ol ms ST Aiady HERR DG e antent HERyr ook h
of the hexagonal 101098 2PACHEGMUACRId SoFb6B7AldrSY. Phe ﬁédf@?r@xﬂag%l%ltilﬁ E@Jw its

C-axis is‘oriented in the plane of the film The proper crysta
st ruct ur e fiin 26hie rdthesitrn @Pt B film 24 in turn enhances the growh of the
second CoPtCrB film 22, through the Ru spacer film26, to also have its

C axis i n-pl andecpyserthefiesh frresnpnanpiicdibm 2qef thegpBrmagnede taysr 2&isén the O
% g o = | . i th
oy uncef L e it o Ay 3R A 301 ) 0 OB

per f orsanggyer 4 id depositdd onkhouwdetlagdr 1Bh hpmesienis lajerlartan ac6mpodst @ictddor
achieving small grains in the recording | ayer whi ch is necessary for high

per f or mandecpearatheprRY rjithe beysgonnh €losePreled| (Brd CoptGr aley afddm fso that
b - .aining.al | - ' el ' 14
opveat by ECAO9,PAARNE A Bat BEREAAD, hRles [HE ML SRELIF LT

typically is a onferrona vm%thCr >=

31 at. % TuPsCELIm CNpash hitidcegthodroas of the@sendoRITrB Film@ Y erowdabeRui C
or slightly ferromagnetic. The AF coupling of ferromagnetic filnms via a
nonf er r onBBHEE fEM2Pai9sAl1q lye ds (gpxis pplage- Hithe{CoPi(eB filme24 wetecgrawe disectlyayer

20 in gi 9 'onjtﬁle &?El@ﬁﬁfbeﬁ?#‘?m@'\%ﬁwﬁt §}1H8l3§tfjonalggerd§1§1? Fti \?&ﬂd ]pbp%r]ro Swith its .
literature. Tn general, e ‘exchange coupling’ oscillates fro erromagnetic
to 25 antid-gxit g peine®\the filn, eliiclasonld rspdckrpdor ketotding serésimandd)ilis well
oscillatory coupling . o o _

known that the presence of boron is important for achieving small grains in the recording layer,

which is necessary for high performance media. Therefore, the nucleation layer 14 allows use

of boron-containing alloys as the recording layer. The nucleation layer 14 typically is a

20 nonferromagnetic Co alloy, such as a CoCr alloy with Cr >= 31 at.% . This CoCr composition
produces a phase which is nonferromagnetic or slightly ferromagnetic.
The AF coupling of ferromagnetic films via a nonferromagnetic transition metal

spacer film, like the structure of layer 20 in Fig. 1, has been extensively studied and described
in the literature. In general, the exchan
25 antiferromagnetic with increasing spacer film thickness. This oscillatory coupling
relationship for selected material combinations is described by Parkin et al. in “Oscillations in
Exchange Coupling and Magnetoresistance in Metallic Superlattice Structures: Co/Ru, Co/Cr
and Fe/Cr”, Phys. Rev. Lett., Vol. 64, p. 2034 (1990). The material combinations include

ferromagnetic films made of Co, Fe, Ni, and their alloys, such as Ni-Fe, Ni-Co, and Fe-Co,
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relationship for selected material conbinations is described bg Par ki n §t
al. in "Gscillations in Exchange Coupling and Magnet oresi stan &ehrya Plic
Superl attice Structures: Co/Ru, Co/Cr and Fe/Cr", Phys. Rev. Lett., Vol.
64, p. 2034 (1990). The material conbinations include ferromagnetic filns
made of Co, Fe, N, and their alloys, such as Ni-Fe, Ni-Co, and Fe-Co, -5 8
February 2006 and nonferromagnetic spacer filns such as Ru, chromum (Cr),

r hodi um ( Rmji,nonfardimagnétie jpacerddppesucli @Ry, dmomitme (€r)athiodipen (o), iredrh (B)ych

mat eri al conbination, 1he oscillatory exchan coupl.ing relationship has to
bo. det ar manBRe ik ol ERbiF Syt PRI RN DHRLRh dut S35 g exctfange

nonf e r NGk rHARASKipHab B bSaSEBRELTE 1P aHERHNIMAH, b6 Rfck ABRRALE of the

coupling between the e two ferromagnetic filns.” The period of oscillation
depends omonfeerancaghetic spragniEim © ssleaedto assateeantdérrotbagnetib eosplirgrigtweeante phase
of the oscillatory coupling.also.d nds. on the ferromagnetic materi al and

i nterfdci éWOCfE%P‘T“f‘%‘?"“PéJ’rlmtsh 18 periodof eretiafian gFPandy op thneiErempgistiaspasas of

t he magnetj t 4, of j i1 : r t] y, are

Al gnod arpsisTHLRR fe Seneff e oy LARE Bk oBFe RpyinghsolRRBRE KRR V- 3
represent fehémapietictmaeridnhainterfsciafqualigi vi dual nmagnetic donmmins that are

directly above and bel ow one another across the AF coupling film26. Wile
Fig. 1 is showFardhis & Cstruchugrélaver 2Qipeorisptatipphofahe megneigmemenstdr 34 ehd a

= 15 A A 278 A, T O SRS

of an AFC aliows 30, B reéprésRbl the et ofiefith@omaITehdividukl Mhfhedid dofalmrARARS
comercially avail abl e di sks using gl ass substrates and CoPt CrB

si ngl e- | aylecty gbrve and bglpsy enccanethics geriopetha grlt epuplling Ifidpeiés. These | ayers are

a pre-seed |lay n..the_ gl ass.s tfat not,_sh 1N Fi 1). the seed

| ayer, the undg\rR,Ih ?/gFg,' tlﬁglor%nnﬁ;oé%%@ngéeémﬂﬁyefgpn@h %,E‘?‘?‘@%FP‘E}H%@% c)
CoCr nucl eatdl®gpacay i, thd AFCAHRKGHBy FRgaHitonhPiaomaghétid fMens WitpheCdoupBn
overcoat. Common manufacturing sputtering tools, such as the G rcul us 2,
current | y spaces fidmb petsiepe thesferrpinggretigfdinsabl e for actual sputter deposition,
assun11ng the use of two heating stations and one cooling station. Since the
AFC mﬁneti c layer replaces the single

Structure of an AFC Disk with a CoCrFe Lower Ferromagnetic Film

High performance commercially available disks using glass substrates and CoPtCrB
single-layer magnetic layers can require up to six layers. These layers are a pre-seed layer on
the glass substrate (not shown in Fig. 1), the seed layer, the underlayer, the nonferromagnetic

20 (or slightly ferromagnetic) CoCr nucleation layer, the CoPtCrB magnetic layer, and the
protective overcoat. Common manufacturing sputtering tools, such as the Circulus M12,
currently have only seven stations available for actual sputter deposition, assuming the use of
two heating stations and one cooling station. Since the AFC magnetic layer replaces the single
magnetic layer with three layers, the total number of sputtering cathodes needcd to create an

25  AFC disk is eight. This number is larger than is currently available on the Circulus M12
configured as described above. Other types of manufacturing sputter tools may also have a
limited number of sputtering cathodes, which makes implementation of AFC media difficult.

Certain materials can serve the dual purpose of acting as the lower ferromagnetic film

in the AFC layer as well as facilitating the in-plane C-axis growth of the second CoPtCrB film
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magnetic |lyaar with three layers, the t., otal n ,.tuber of spufiterin
cat hodes thode needcd ., ..to create an 25 AFC disk is eight. #&?@“W%ng

| arger than is currently available on the Crculus M2 configured as

descri bed above. O her types of manufacturing sputter tools nmay al so have a
limted nunber of sputtering cathodes, which nmakes inplenentation of AFC
media difficult. Certain materials can serve the dual purpose of acting as
the | over thr@rghahaBuepacer fayem This allres A@nbeption af thegiucleaton ayet ardahe gvetr he
in-plane C-axis econd CoPtCrB fiilm-6 8 February 2006 through
the Ru spHE@maey oo e A RS ot ﬂaﬁrfefioafeoﬂﬁ@Psaw%rﬁmga@@fadeand
the |ower;s feemﬁgeﬂeaﬁcefsmer@opﬂ nm%efgfcgﬁuama 1hy2CinQRE AlFRY &K F@&Lt& erefore
only one sputtering cathode is required. This reduces the tota er of
sput t er edthempe oseicominpepoéitiall nsahuﬁatnmainhnngroblbimer dhy powéoushneireg peodiept i al

manuf act urabj | i ty probl ens. The %Srew ously cited pending 5 application has
denonst r atRRHCRURT has emonsle PRRBEDYLIC GRisER2HERICR hane SR R

mmgnet | zap o oy @kﬁéggﬁg{t&s sciGb BoBPaPA, MOS8y AT REKIRRGhY o

and the |o structure resen nventl on

al | oy acts tBs AR fingturenset or nucl eation | ayer and the lower filmin the
AFC recording and also significantly inproves the signal-to-noise ratio 10
of the AFC nedhlatheprﬁsgntﬂ@veatlgmﬂ&q ﬁgllmegm @s brib ansaseties nyelgptiandayesange to

Co all oys r exc g :coun

Conor ar Tk ot iy pE A BN Fo SHTASRGS iR Mk o ARLIE b ratio
expl aigedof the WIFE MREAY] THSYa ﬁirfn@ﬁng fekalt Pat4ed thelalldition 3 Faid @8R0YFs i Rnowse a
granul ar ferromagnetic materi with isolated magnetic grains, i.e., no

i nt er gr antl agd mtemﬁaﬁg@xem]gﬁ cogplingg whishdp genesalbipetinaidesidste bseleketesious to has

been shown t ange .co i creases t

ot oo " orstiitte nePoRHan As e B S DRIEEV SR R sL AT ERR SN pdniRER e
decrease hda grBslilar i@ﬁbﬁﬁﬁﬁdﬁctrﬁ'ﬁev?ﬂ@ﬁfﬁﬂbl@zteaﬁhﬁlgneﬁc hans 1Eh%09ﬁt€ifgﬁa{rfu@£
structure of the AFC disk 10" according to the invention The thi cknesses

and conposichargesotiphing, e lower theusediapeiss beerushitdhap bedreshosa thatiottrgremtlarar e as

foll Ve ezxochaprgg% cougidng A hases %65 r%-cla_ldéionogse ’1‘?1us ‘}”3 unexpected that the use of a CoCrFe

lower film would decrease the media noise in the AFC media.
Fig. 2 shows the preferred structure of the AFC disk 10" according to the invention.
The thicknesses and compositions for the various layers in this preferred embodiment are as
follows:
20
Pre-seed layer: CrspTiso (20-50 nm)
Seed Layer 12: RusgAlsg (8-20 nm)
Underlayer 13: CrggTiz (6-20 nm)
Lower AFC Film 24" directly on underlayer 13:
25 Co100-x-5»CrxFey with 2<x<25 and 2<y<30
Spacer Layer 26: Ru or Cr (0.4 - 1.0 nm)
Top AFC Film 22: Co(100y-xPtyCrxB, with 6<y<25, 10<x<25, 6<z<15.



Seed Layer 12: Ru50A150 (8-20 nnm) Underl ayer 13: Cr80Ti 20 (6-20 nm) Lower
ABC Film 24' directly on underlayer 13: 25 Copoo_x.y Cr, Fey wdfebmay2P86and
2<y<30 Spacer Layer 26: Ru or Cr (0.4 - 1.0 nm Top AFC Film 22:

Co(toOy , z PtyCrB, with 6<y<25, 10<x<25, 6<z<15. -7 8 February 2006 In the
preferred enbodi nent the CoCrFe alloy that serves as the bottom AFC film

wi thout the need for a special nucleation |ayer has an Fe conposition

bet ween apiprtbx prefireld gnibodinder? Ghe EoCYheaailtbyahdbservesgmahe bowem RRAVERN without the
approximately 2 and 25 at.% The Fe copncentration is determined primrily
by the t hiRaeAdeia speaiahpycleption laypr s an HeCHUBRSHHRIARREVEFY FRPITHEIRLY dad 38 Or
and Fe det grgr o - £ f.Qr oV e i :

upper Fe Ia:‘%r;'l}gtl‘1 H(?g Ctr'? rélyg&n%glﬁl%) E%S%@r%ﬁ%%él%eﬁﬁc% ag'tq%/'u??%?éé%gp%ﬁﬁaen%gg Fe
alloy is |dsémaned privisily b tsetisemesndnd M debissiefoCtimdastogi ARCilef. Theatypper
CoPtCrB filmis conpromsed. The u%g? limt of approximately 25 at.%is

er O
t he anvuntChagndiFradaiminesitheMrbef the CoCrbs filve éyrmegivembiigkaesso nggnwpeicte i is

desired thjck f the CoGrFe filmi i b i filmi h
ona 1 ecor dPRARBER YR fee stephteor i ERERTGT s R AT bt Shda g
3.5 nm  FRhglad @Bﬂ\@%rdm JTRES HFRE CoRtd8 @in KRNt ehA@dTEE GRR: RUinsiEot O the

measured noise (SoNR) for transitions recorded at different ‘densities
(t housand dppoximhhg&sdti% ehtherankdupt yrofind whpbvbe EoCdiesdby bEhemes nedi a wer e

|1 th wt diti ith_th . thick d
211 oys. s dPRSTOBAERTE hEHAUER dgEress i Folbp it FFminahly SREmAR IR | m
I's has;@an Moburafd r%‘gorﬁ{:ﬁ?{p%%rmﬁk% M@ﬁ%a@llyweiwée% dgbﬁﬂaﬂeﬁ/ 6.58nd ggerﬁﬁl.ofmd

is obtained by subtra ng the Mt of ower AF I mfromthe Mt
the top AFC fi |Fg. Fslpws3hs mpasurethsdtio dof hiee idpl@redesignal palsdita the nGadirbénaike oy as

Lhe over | URBeSSLANILeonLLy, huahel SOl Lhan LS, AC Erh g, usig e
U ey P, TR SR g B Ty MR b,
t he CoCr |tbisknesksed mdwilbis ussd\er txith thefunderdayersvrid thatopeSEFC film. The top AFC film
15 has an Mrt = 0.39 emu/cm®. The composite Mrt is listed in the legend and is obtained by
subtracting the Mrt of the lower AFC film from the Mrt of the top AFC film. Fig. 3 shows that
the AFC media with the CoCrFe alloy as the lower film has significantly higher SoNR than the
AFC media using the CoCr alloy described in the previously cited pending application as the
lower film. Fig. 3 also shows that the improvement in SoNR is obtained in the AFC media

20  with the CoCrFe lower film even compared to AFC media with the CoCr lower film with

several different Mrt values.

While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be understood by those skilled in the art that various
25 changes in form and detail may be made without departing from the spirit, scope, and teaching
of the invention. Accordingly, the disclosed invention is to be considered merely as

illustrative and limited in scope only as specified in the appended claims.



Whil e the present invention has been particularly shown and described with
reference to the preferred enbodi nents, 't WII be understood8ﬁ9brtuﬁ‘as?(906
skilled in the art that various 25 changes in formand detail may be nade
wi t hout departing fromthe spirit, scope, and teaching of the invention.
Accordingly, the disclosed invention is to be considered nerely as
i |l ustratiWkatandailmedrist ed i n scope only as specified in the appended cl ai ns.
-8 8 February 2006 What is clainmed is: 1. A magnetic recording disk
conpri singt- a stbseretic eccordingshitkepmpnsigmiet i ¢ under | ayer on the substrate; a
first ferromagnetic filmfornmed directly on and in contact with the
under | ayer, theasubstrat ferromagnetic filmbeing an alloy consisting
essential |y of awbémomagistic uederlayrr amthedisiratgind i ron (Fe); a nonferromagnetic
spacer film on & first feirprsagnfieq filonfagmestdirectlyi dnrapd wregntactsaitiohelutdstlaystrdlmet i c fil m
on the spaceffirst fdrmpmagresic Sk being dreallop nengisting essdnfipliy Wepbadt (Cah chlomaym conpr i si ng
Co and B, théCneunbineh fFexronmagnetic fil m bei ng exchange coupl ed
ant i f er r omagnetad wafdmpmagnetin epatérrfdm oh dhrer fyptefepramagaetici film 2nsr oss t he spacer film
wher ei n t he undesetendderrangagaeticllinep thef spegst filnGthezpepnd ifarzomagmtic filp beigg The di sk
of claim 1 fanalyrcompriying € aryl By theessepnid dgreamalgestigdidm being exohbreecatmdedand t he
under | ayer anutifoienagneticalietothaifnst fayemagnstif idmretpssiihe sppecenfilmn and i n cont act
with the seed |wleesin theanddrlydrneansadlor of epjseér dnd tigamivat (Id)y of only rut heni um
(Ru) and alum num (Al'). 3. The disk of claim1 further conprising a seed
| ayer betwken tTHe dikivdclam & fathdr comprisingalsgetl tayenbetwrdn Wisesrlkstmatetahdthander | ayer
i s fornmed widedaytt apd orhemimtthé pndedapentstforwied HirecH os eralin cenfeat withitferse¢dilayehe seed
| ayer is an alloy of only nickel (Ni) and alumnum (A). 4. The disk of
clai m1 wher ei nwhdagn ghegedddayee israa algneftonly rithérium sRgnandhlhoynuiAther
conprising & and Pt. 5. The disk of claim1l wherein the first ferromagnetic
filmis am.al | OpheQfisk@BbMinep furfher éyﬂ@risiﬁgfa seed layer between the substrate and the

underlayer and wherein the underlayer is formed directly on and in contact with the seed layer

wherein the seed layer is an alloy of only nickel (Ni) and aluminum (Al).

4. The disk of claim 1 wherein the second ferromagnetic film is an alloy further
comprising Cr and Pt.

5. The disk of claim 1 wherein the first ferromagnetic film is an alloy of only Co, Cr and
Fe.
6. The disk of claim 1 wherein the first ferromagnetic film has a composition of Cojgox.

y Crx Fey, where x is between 2 and 25 and y is between 2 and 30.

7. The disk of claim 1 wherein the first ferromagnetic film has a thickness t1 and a
magnetization M1, the second ferromagnetic film has a thickness t2 and a magnetization M2,
and wherein the magnetic moments per unit area (M1xt1) and (M2xt2) of the first and second
ferromagnetic films, respectively, are different from one another.

8. A magnetic recording disk comprising:

a glass substrate;

an underlayer selected from the group consisting of Cr, a CrV alloy and a CrTi alloy
on the substrate;

a magnetic recording layer on the underlayer and comprising a first ferromagnetic
film of an alloy of only Co, Cr and Fe, with Cr being between approximately 2 and 25
atomic percent and Fe being between approximately 2 and 30 atomic percent, the first
ferromagnetic film being directly on and in contact with the underlayer, a
nonferromagnetic spacer film of a material selected from the group consisting of Ru, Cr,
Rh, Ir, Cu and their alloys on the first ferromagnetic film, and a second ferromagnetic
film of an alloy comprising Co and B on the spacer film, the spacer film having a
thickness sufficient to induce the second ferromagnetic film to be exchange coupled
antiferromagnetically to the first ferromagnetic film across the spacer film; and
a protective overcoat formed on the magnetic recording layer.

-9.



6. The disk of claim1 wherein the first ferromagnetic filmhas a
conposition of Co(loo-x- }.) Cr, Fe, where xis between 2 and 28 Fspagy 3096
between 2 and 30. 7. The disk of claim1 wherein the first ferronmagnetic
filmhas a thickness tl and a nmagnetization M, the second ferronagnetic
filmhas a thickness t2 and a nmagnetization M2, and wherein the magnetic
nonent s pe?. uni Theatigkaf ¢olin & furjhemgvahp(ibBEg & Red dyert beewden tietsubstrdtesied thed

f er r omagnetriderldyet amd wheegythe tudedhyer isan ellali dffoslydirtand T oamdonformerodifeetly or8. A
magnet i ¢ radan chintegt ditlsthe seedpayiesi ng: a gl ass substrate; an underl ayer
selected fromthe group consisting of &, a &GV alloy and a CTi alloy on

t he substrHte; Ehevbgundtiaon P ederetl thgsekdlaper inselected framdbe grayresonsistchgadapri si ng a
first ferruwegheyamaNiAlallyf an all oy of only Co, C and Fe, with C being
bet ween approximately 2 and 25 atom c percent and Fe bei ng between

appr oxi nmat Bl.y 2Tlerisk3d clatno b wheyein dlerspacet film §Rust  f erromagnetic fil m bei ng
directly on and in contact with the underlayer, a nonferronmagnetic spacer
filmof a nmaterial selected fromthe group consisting of Ru, C, Rh, Ir, Cu
and their alloys on the first ferromagnetic film and a second ferromagnetic
filmof an alloy conprising Co and B on the spacer film the spacer film
having a thickness sufficient to induce the second ferronagnetic filmto be
exchange coupled antiferromagnetically to the first ferromagnetic film
across the spacer film and a protective overcoat formed on the magnetic
recording layer. -9 8 February 2006 9. The disk of claim8 further
conprising a seed | ayer between the substrate and the underlayer and
wherein the underlayer is an alloy of only & and Ti and is formed directly
on and in contact with the seed |layer. 10. The disk of claim9 wherein the
seed layer is selected fromthe group consisting of a RuAl alloy and a N Al
alloy. 11. The disk of claim 10 wherein the spacer filmis Ru.

-10 -



