MAGNETI C RECORDI NG MEDI A Technical Field 5 This invention rel ates gener

to nagnet%({zﬁgﬁﬁdi ng nmedia, and nore particularly to a npgneisotos3egor di
disk with an antiferromagnetically-coupled (AFC) nagnetic recording |ayer

of the type descri bed jj -citel co-pending application. 10
Background of the Invelmm"“wmmmlmmtl onal magnetic recordi ng nedia, such as
the magnetic recording di skg..n hard disk drives, typically use a granular
ferronagnetic | ay g sinelimdiert Ay 8hsHRPRINEeE GaBGmNG! sblaum (Copt) 15
all oy, as the recordI| ng nmedium Each magnetized domain in the magnetic
| ayer is conprised of many small nagnetic grains. The transitions between
" magnet i zakbchminallnRieldpr esent the "bits" of the recorded data. IBMs US
patents 4,789,598 and 5,523,173 describe this type of conventional rigid
disk. 20 As the.stQ . depsy 0 t| rdi ' [ eased,
' th% pr oduct o;&% tlgelr{%fgfglnogn?&n%éﬁ .eﬁgg%qgn&ﬁkm%%ﬁ%érge%og?%ﬁsﬁg%%f ed I1n units
of nagnetoFe MATEAEHIRE!Y (19 8 AIPEHE BFCFELTD AT R Faterial ) and the
magnet i ¢ dngyéerrohagietdssl 1y - tawled CAERS adonSiig feporging haveyoef dibeetd® fi el d
or coer Cigdsk¥idedCin dhet {tRvEBERERH | do-badhghap1idiieased. This has led to a
decrease in the ratio Mt/Ho. To achieve the reduction in Mt, the

t hi ckness t of the magnetic |ayer can be reduced, but only to a limt
bétause tgﬂé’iﬁ%ﬂ@ﬂ"—%%g%rmtion inthe layer will be nmore likely to
decay. This decay of the nmagnetization has been attributed to thermal 30
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hi gher anisotro i > e Increase In K' is
linited RPEHER He7HViSE WTer SBNE" X GBFCHIE t SPLRCEYRRNPE IFOPEentd pRadx Figt%e| v
equal to &skM (Ms = saturation magnetization), beconmes too great to be
webtten by a conventional recording head. A simlar approach is to reduce

the Ms of the 3 R EGB?M nef | I fixed
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thermal stability of a magnetic grain is to a large extent determined by
K.V, where K, is the magnetic anisotropy constant of the layer and V is the
volume of the magnetic grain. As the layer thickness 1s decreased, V
decreases. If the layer thickness is too thin, the stored magnetic

35 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
40 by the point where the coercivity H., which is approximately equal to K./M,
(M; = saturation magnetization), becomes too great to be written by a

conventional recording head. A similar approach is to reduce the M, of the
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15 difference in the Mt values of the two ferromagnetic filns. This
reduction in I\/rt is acconplished without a reduction in volune V. Therefore
the therngg ?2 g ity of the recording nmediumis not redugqéyGRdl/BHNA

enbodi ment o the AFC nedium the ferromagnetic filns are sputter deposited
CoPtCrB alloy filns separated by a Ru spacer filmthat has a 20 thickness
to maxim ze the antiferromagnetic coupling between the two CoPtCrB fil ns.
One of the ferronmagnetic filnms is made thicker than the other, but the
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del i ber at elag BgREELEANE YnadBetiDreThmel ¥ dfS the magndthiat grsibhstianthalehyed.
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inintrinsjc 30 media no S elreved due to a decoupling
of the rra@’r?é’fa? cF 9 RPEIRE {:Joc’ (gﬁ)e??h%ﬁgm Shp(fl RY" bet ween the magnetic

Iayers in the lam nate. This discovery was nmade by S. E. Lanbert, et al.,
"Reducti on of MadisapdiensecarpdiddtionFGe apddstial dddeditesby nagrnetiat irmﬁh:;mthEE
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r ecent BHes aFamna ecial seed
| ayers anépé?ﬁgn%‘tlr‘“calllwthle%ém &f wsshic satkR nretprred rrondgAEri tediayers. In
general , ssklimagnemrendmeyes It tha tao satifexronagnet fekddy conpleXifiymsi@re o t he

manuf act usfmtaa %@&raﬁﬁslaus@tﬁléf;e m%dhﬁt rtﬁsryltlhe fet! a&@lenpumber of
sputterrngs ersthat JTust be

e
sputtered. o9t e 1za eOLlrir1ecesessasr d dgcgu@rF Nt alil et rﬁhﬁl PRET e é‘f, ng di sk
w8502/ 1319#@@?‘@&/%36? 3a Péctth&rF‘f?ng’Frr?é‘agﬂeﬁladﬁrlt“FonTht"he use of a
bor on- contedusithop dhnl Mt he kecCoptiGhed iwithdue AREdhetime, imtviotlmd ¥. necessary

forI hi ?_h '@@foeeaf@tmae ﬂ’flﬁe@inﬂ sttamqui, r&?\ tﬁéreea&elgé n@d%ﬁ@Q.:saﬁotoQé&I{etht ]
nucl eati o er enhan e
C-axi s of hes er?bo ment ogetht he %Nane&b s %??rlleglc gl“hlmsnahrc?l eat ?on | ayer,

which is fsRasdsed f°§tcrﬁ§nf‘elr‘}yoﬁﬁjﬁe€?@rm b&la} &, snasgti fidw hat| Pasapot her
Sp2at t er i nghigkaeso ol metihézerghefantt Genrogadriends Suphipgvbeiwethehentvent i on 10
Acg 0: di tngbarptctrbeflimyemohe rbﬂorﬁai%%?ﬁgﬁamekmusr €8 qradé r\?ﬁek&k tR@RRESI NQ: A
substr at €; netic underlayer se em the group conprisin
Cr and al Fther’ t ti’wn %‘essﬁ Eétarrgt%h a i) rgltlactf gg? ] "r‘roeent(%\‘n ?nof ormrred °
directly BPP%RG jagneif 5&?14/\/I1t5hl°cwheb‘ffn6%’ﬂe§9er 15 the first ferromagnetic
filmbeing an alloy conprising cobalt (Co) and chromum (Cr), wherein C is
besween appr oxpr@t@hya kb @@%%@&Q@@n@@rﬁ&ntcomeﬂchen@ lv@¥mindted”

nonferro %t:c&fresr‘%% f&i M0 ?&T %Yegcgrgr% ggr r?fgg%q agnd a second

ferrorragne m on pacer e secon err 1c filmbeing
an al |l oy E?ﬂﬂ?ﬁf‘%‘i’r?gs@?eénﬁayl%r ?‘héhib AT L BYRFGNRYS éelrjrkieﬁFb’e'rYng
exchange veanetéchldyt dédaupberhgnit iieakriopnt thathsutfstastial by riopeepedt $NR fahm
across t hge sRageFed by MheAGENbE NGhihitea RERkEr Id AdetidEnh @RrAficmedia is

s, R RS et B RS OB i,

manuf act utFYRY2FHRR °%\rFxﬁ\F‘E‘§ﬁ SRURLing befETemFe ﬁ?ﬁ%tdédl"ﬁﬁe? e‘inntlf“he | ower
f er r omagnéanigate| mThie tdiecdeCyrwsonalenyy |y 8r Lagberthoebralf y elReflechionaafet i c
CoCr al | opediRatiofiesn rmlnrﬁqm hétad MeEahest iLehulaay&r" betne @PaddacBdvhst b Cr

or Cr all . teund@r%ay% e fgr romagn t9'98 2,?0I lQ’)'o hagndsuffr ci ent

saturation ghet’i zati on rain s rut T produce excel | ent
megnet i c F’é%ﬂﬂ?‘ﬁd-Yp%?‘?e&Fﬁ%r’réen?”bP Pife PHCERECTEPYi 47§ - | AP & WIHP| €°8P%0
serving av.s patdrxabi 17, &g elestvibendudenidaeed niipk anehGmeciisl greedtlayefs t he

t op bor onagd RlaghdtiRg1 112 HEOHRABE tHoroh IdoRt { iRy HartbiRgBPeLE i ayaer . 35 I N one
.enbodi nent the first ferromagnetic filmhas a thickness between
approximately 1.5 and 3.5 nm In one enbodi nent the underlayer is an all oy

of onl y Cr andI’t*rS’Leé‘ﬁF%’m a@dJ(nyl |)10re layers to a disk structure adds complexity
40 to the manufacturing process. Because AFC media require a larger number

of sputtering stations due to the larger number of layers that must be
sputtered, it may be necessary to substantially modify the existing disk



WO 02/ 13190 PCT/ GBOL1/ 03302 4 I n one enbodi nent a seed | ayer is provided
bet ween the substrate and the underl ayer and the underlayer is forned

directly @oéndidon contact with the seed |ayer. By way of sgyacilimascehe seed
| ayer is an alloy of only ruthenium (Rué and al um num (Al). Alternatively,
the seed layer may 5 be an alloy of only nickel (Ni) and alum num (Al). In
a preferred enbodi nent the first ferromagnetic filmis an alloy of only Co
and Cr. In another enbodinent the first ferromagnetic filmis an alloy
further GRRRFdELBRGONENDr BRIRA0Eida| dHentse OFt] RR6htantalniny 16 a)ike | N
one emodlERly LHANAEL s lad MLALAS LB EIASY 1 Wi bet RGN LA and
. preferably the second ferromagnetic filmis _an al o§/ urther conprising Cr
and Pt. IZFWBFRafrorsexdnpl BPachal SRSt P4t BUGIEA Rs AERdE T FUBME e i di nent
there i s groptitodctiey obramBchEmsf oy rebat dherC-akres sdc tirbef Bkymgndgriat e fi |l m
. I'nsone erg@de rgEntnd F@1kd r St 'f‘r];ﬁrhﬁlﬂl&gﬂﬂiﬂ @afiﬂ,mﬂma 2e tchpodelegs t1 20 gnd a
magnet i zat | S n rr . fi e : a
magnet i z(,ayttolng%r ?g%%gct%ggnglglﬁgfi C 9{7%1% gﬂ&e%muér%lg? r Eégér(ciég iéattlaéh Zi%d (me
x t2) of tFe™F et IrBI s¥6nd ferromagnetic filns, respectively, are
different fromone another. 25 In one enbodi ment there is a second

nonf er r onagety 6£SHRCEHvdntisn on the second ferromagnetic filmand a third
fepromagnetic filmon the second spacer film The third ferromagnetic film

i S exchange coupl ed antiferromagnetically to the second ferromagnetic film

across the sed¥Fardpacedr %l HveRBioPR Iidehtd BRIl t HEFoTH 9 a magnetic
recor di ngeatipskeiggn isgbsirate; ¢ assfegudraonatie; uaderdavier kajmteddiront e fr om

t he g{pum&aﬁmﬁkmn@rcr an@rafiald Q¢ iﬁﬂq@nat]:Q’ gﬁbsaelrhey,- ansidpe substrate; a
ragneti ¢ f& i i : erlayer
et omgristrortrfad BUEE Aind 84p0430 BY Sha WLRIBE WALEMA Widlaver e
appr oxi netl Vit SHFORRIACHfi %lﬁe*?‘?fé‘ﬂt?n PUTHe BoHT-EERY FORM kTP i A2Lont act
with the eshrdeivmyer) . ahermmihefr drakpteeer appawdmatqllynibfand Feeenigl sel ect ed
fromthe gHreufr GaNSHeShlIg ;08 dnfefdomagtetd UiPac&h)Eilh dndinensilsy , copper
(CQu), a”%&@@&%@#if%ﬁ%ﬁ”ﬁﬁdﬁ QR Ll donbadREE Ofl’%g”%f Lfie fddaP), @04l 2 second
I allo Co and |

ferromagneti c m of an. , cqQnpri sin on the spacer film
the spacer™f PP HatARg aTaHhi-¢ Eﬁéésbeﬁggﬁnﬁ Y PR REe CP R dsRe SRE

f 8P r onmagneacond ferpenagnpil i b bging cuphande agaupled rohifpnoonasmktical by ttee
first fertemagat E€rdomhdiet iNFiAnR/ A9 thePiphlceB@EAM3302 across the spacer
film and a protective overcoat forned on the magnetic recording layer. In

one enbodi nent_ a seed | ayer is pr ovi ded between_t he _substrate_and
According to“a preferred embodiment an AFC media is provided that

possesses high performance magnetic properties but does not require the
25 addition of sputtering stations to the existing manufacturing line.

An AFC disk is preferably provided wherein the lower ferromagnetic
film in the AFC recording layer is a boron-free ferromagnetic CoCr alloy
that does not require a nucleation layer between it and the Cr or Cr alloy

30 underlayer. The ferromagnetic CoCr alloy has sufficient saturation
magnetization (M,) and grain structure to produce excellent magnetic
recording performance for the AFC recording layer, while also serving as a
nucleation layer to induce the in-plane C-axis growth of the top
boron-containing ferromagnetic £ilm through the spacer layer.

35

In one embodiment the first ferromagnetic f£ilm has a thickness
between approximately 1.5 and 3.5 nm.

In one embodiment the underlayer is an alloy of only Cr and titanium
40 (Ti).



5 the underlayer and the underlayer is an alloy of only Cr and titanium
(Ti) and is formed directly on and in contact with the seed | ayer. By way
of exanpl o é#8190€€d | ayer is selected fromthe group conicatcsgedfoza RuAl
and a NNAl alloy. 10 In one enbodi nent the spacer filmis ruthenium (Ru).
Brief Description of the Drawing A preférred enbodi ment of the present
invention wll now be 15 described by way of exanple only and with
reference to the followng drawings: Fig. 1 is a schematic sectional view
of an AFC magnet bte eRB&diteRd dbsda aepa dk r;g:obmetahaewemrtw bubs2@atfd Gnd2 i S

h I
Z?ef’?‘:&' g n%nea%&!hée’ﬁ% a%{& ‘%ﬁ[eoind@lay: 3% {?Qgﬁﬁédcdfx%%gi Elgar&jd 3K agegedi ”9 tO a

present invention. Det Descr] pti

I nvent i or‘r“EB engred 1aY5uct BY @eBrofafraEec DR 978 Wef? &Y 36 P’d‘?‘ﬂg d|
of the prefigrredesivpodrwennd s uoinumhéallyperlithoratigela Regreeed dayer gradi ng

. layer mada ef 4198y Of BRIE nf@Ed10MMONGRd Gl30iduml (ML)t hat are coupl ed
antiferromagnetically (AF) to thei r nei ghboring ferromagnetic films by one
or nore nonferronmagnetic spacer fi illustrates the general cross

sectional struct ar%reSFr%FddFWdiﬁe% F’Ple 5r’lrg‘hthF’é FegRegTet L e 8liiYed
(AFC) nagfebtinly lcayand 26. 36 Fesheli skbedilvert dhe firsk sfegmomasmetabifélmeiseri al ,
such as GmA&S1oySEkither EffpiRihg ShEAbE Znorel oplAtiMmaldoyarttentairlte a Ni P
yyface Cﬁg |ng. The seed layer 12 is an optional |layer that may be used to
|rrprove the growth of the underlayer 13. The seed layer 12 is nost comonly
used when the substrate 11 is nonnetallic, such as glass. The seed | ayer 12
has a 40 t hi ckitegre iswbpgimentrie efacgppiidni sauEdbts essentBoliwehkthenigme of
t he mat er {ml) Sand YedEeaabl@ ther sbicondNifhkrddaghetile, it 68 aar elugefutchas seed
materi al s : i e growt h of subsequently deposited |ayers in WO
02/ 13190 %ng%r%i&a% S%gogzwcertal n preferred crystalline orientations. A
pflé-seed | ayer (not shown) nay al so be used between the gl ass substrate 11
and the seed |By@ry BE efdwplarkher bubssrates ip s9ldepoidt el opat enboREmessethdrgyer
if presemis aOprddbBeival Seerdiche Eolkyled Birér tthe Sddbsd rfakeonkimeitdfitn.a
nonmagnetic material 5 such as chrom umor a chrom um al | oy, such as CV or

CrTi. The underl ayer 13_has a_.thickness in the . range of 5 tqQ 100 nmwith a
typi cal val ue Bbf’ﬁ@ IRBP TG Fats TG AR CTHESAET THaldEsi ¢ rlhéfllél?esfo s made

ugof t woarfdepragnghiatdort Mlystiz) sechpd 2tersepremat vl fHim hagonftéickneagn’ i c
spacer fiid® 26maghbeizagibeM2Qnagnehd C mafREeE rombiis? fet hindknNaes andx t1)

conposi ti gy Qﬁf xC@Q)S%@ §19e th?ét Lhe JIRONCELE-JRERIALS Alns 34 BbeAdiatEnt
films 22, 24, ect % 3: F coupl ed through the nonf ef r omagnet i ¢

spacer fl?rrﬁg fa™a §°‘éin in zero applied field. The two
AF-coupl ed filns 22, 24 of Iayer 20 have magnetic 15 nonents that are
opsent ed anti paEd ahé elmboddrdntt ferdpipeh dddond Zidnheantonggreeth ar gpareriitnton The

ferromagngld Qeédnh@e&%ma&ét@é %ﬁﬁd&d()& tﬁu?@@e@&ﬁn@nb% Wi {0 oﬂ e g0cgqom C
percent (at. /% IatlT %n‘% 2 % ¢ oni um %an e2‘:tog ggd . % boron. The
nonf er r onBRTE @lg‘pa&?r AR I“igr’f’eﬁf’?’l TR0 P
antiferromagnetically to the second ferromagnetic film across the second
spacer f£ilm.
30
The invention further provides a magnetic recording disk comprising:
a glass substrate; an underlayer selected from the group comprising 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
35 only Co and Cr, with Cr being between approximately 11 and 25 atomic
percent, formed directly on and in contact with the underlayer, a
nonferromagnetic spacer film of a materlal selected from the group
consisting of Ru, Cr, rhodium (Rh), iridium (Ir), copper {(Cu), and their
alloys formed on the first ferromagmetic film, and a second ferromagnetic
40 film of an alloy comprising Co and B on the spacer f£ilm, the spacer film
having a thickness sufficient to induce the second ferromagnetic film to
be exchange coupled antiferromagnetically to the first ferromagnetic film



20 Because the first ferromagnetic film 24 of the AFC magnetic layer 20 is
a boron-containing CoPtCrB alloy, a very thin (typically 1 to 5 nm Co

al oy onsgfg ¥13ec! eation layer 14 is deposited on the underes@resiod. The
nucl eation | ayer 14 has a conposition selected to enhance the gromh of the
hexagonal cl ose-packed (HCP) CoPtCrB al IPoy of film24 so that its 25 C-axis
is oriented in the plane of the film The proper crystalline structure of
the first CoPtCrB film24 in turn enhances the growth of the second CoPtCrB
film 22, ééyogggéhet BSacRe 8D Chnd bl PRo2Betvd SeSRoDABridd ofe 1%l Sadrdatil ane.

If the Co:l?etccorrr n ILm 24 were grown directly on the C alloy underlayer 13

W t hout a nuc agtlo%ﬁayer then it would not grow 30 with its Caxis in
the plane of the film which would result in poor recording performance. It
is well known thahetdmbopimsens eseefl Inyeronis sroviged thenvedrpthaciubetrarg sl |

gr gi ns iTRtﬁéﬂanaaqapgi REal whdM%fé} s aaegfww dndyy ?_4 gha RRELQIUNBNES
medi a. e r t atia [ S ont ai pi ng
al | oys as® fegr%gg‘ragldr;%f&ls' oh #ﬁeﬁgg %It th?l\(/)v?]h a‘%%‘r? lfgg%ypl a"Pﬁ o’Ps a
nonf er r onBtfffeL e c &8 Yeanb‘s i ?‘If@dp?‘”é’l‘"e?}i‘eeé’f%‘f‘ﬁ)ﬁailﬁ‘féﬁf‘nq &2 al | oy
wth G >and3d ummthyercent (at% . This CoCr conposition produces a phase
which is nonferronagnetic or slightly ferronagneti c. 40 The AF coupling of
f gpromagneti c I n Eggn i on tal spacer film

I |eike t he st ruc%r eﬁgo%ﬂﬁ%gﬁ%%% ]&\J 8 g}lim ﬁ g‘%%l g‘xtéegjm vely studi ed and
described in the liter ature In gener al , V\D 02/ 13190 PCT/ GBOL1/ 03302 7 the
exchange Ruief] Deserdntd cohef Dirapn rronagnetlc to antiferromagnetic with
i ncreasi ng spacer filmt h| ckness This oscillatory coupling relationship
for sel ected eri-al, o n described by .Par ki et

"Oscillati onsnlgrp I‘:ax re% g&(?roé%?n% 3 '5‘8 esen€ Or et ancelr15 %R/Et allic
Sdper | at t feasTEPed by u‘I"'*é’s 3 GSSaRﬁle eahc:ranan‘e Pere&erengshys. trRe@"llEEHg Vol .
64, p. 208%wind90)- The material conbinations include ferromagnetic filnms

made of Co, Fe, Ni, and their alloys, such as N -Fe Ni -Co, and Fe- Co and
nonferr omagnet spa h rbhodi um
iridium(Lr) bf R % Zéﬁeﬁ %ec‘?son%] Vi% r each esﬁ%ﬁeco ‘4 mr:’al
conbi nat i BHX f"ﬁ'é°r€§E$Iq°a B précRahge coupl ing relationship is deternined,

i f20onot al ready known, so that the thickness of the nonferromagnetic spacer
;. Imis selectggyte aqsrauaaneaaucf e}gew&gnaﬁl{eﬁ &fogaliﬁ@gmbgefe\e@@&ewﬁlh\gn

er romagngf J,c e S, Q
nonferrongiggneta{:%:gljsﬁg tb’ nggeireelrf?a el %‘ﬁ'f%%%% n% ?gﬁetﬁz%%nat f@"gﬁé‘s‘?’e‘ of the
oscillatory coupl i ng aI SO depends on the ferrorragnetl c material and
i nt erfaci Bétajilad Negcripiot id-Inwentiohure of |ayer 20 the orientations of
t ke magnetic m)ments 32 34 of adj acent filnms 22, 24, respectively, are

aligned 20_anti paral I_ure opd t s ngdd destructi vel y. The arrows 32, 34

repr esent‘?%rr‘m‘r‘rerrf—m‘en‘ra s i ndi vi dual magneti c domai ns that are
directly above and bel ow one anot her across the AF coupling film26. Wile
Fig. 1 is showhhd orgeetisFavadiret disi af ethe?Preficrbhed embodimehimidSostuhact ur e

and a si ng&@ sﬁa@%sfa ldyndthe Aldordimk18par have oaddict bonwke f Ri-anRmaetd C
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materials for promoting the growth of subsequently deposited layers in
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magneti c recordi ng performance. 20 Fig. 2 shows the preferred structure of
the AFC di sk 10' according to the invention. The thicknesses and
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W th O<y<20, 11<x<22 and 2<z<6 Spacer Layer 26: Ru or C (0.4 - 1.0 nn) Top
AFC Fi | m 0 o5346m0-, r - X-=~Ptr CrxB~ with 6<y<25, 10<x<25, Geardso1/obso2t he
preferred enbodi nent the ferromagnetic CoCr alloy that serves 35 as the
bottom AFC fil mw thout the need for a gpeci al nucleation |ayer has a
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n aetermn 0_Dpbe n | C ave €. acnl eve
{Rdse pur p‘iloses"(ijtefdlalP o{?%rﬁ% Sb e PROBRERE K QUL ERT zelaey di°hg a1 sk
conpri si néf dstermigpdy i eet P@B’I‘Ia@cﬂ}"%sﬁf? ’éhat’foﬁll‘%rt?‘b?fﬁijﬁét‘?fct%derl ayer
sel ect ed fherngertdvaggetciep spaepr fidmnie Geledt@datd eysumef afrifenrdrdagnehilgst r at e;
coupling between the two ferromagnetic films. The period of oscillation
depends on the nonferromagnetic spacer material, but the strength and
15 phase of the oscillatory coupling also depends on the ferromagnetic
material and interfacial quality.

For this AFPC structure of layer 20 the orientations of the magnetic

moments 32, 34 of adjacent films 22, 24, respectively, are aligned
20 antiparallel and thus add destructively. The arrows 32, 34 represent the
moment orientations of individual magnetic domains that are directly above

and below one another across the AF coupling £ilm 26.

While Fig. 1 is shown for an AFC magnetic layer 20 with a two-£film
25 structure and a single spacer film, the AFC digk may have additional
ferromagnetic £ilme with AF-coupling spacer films between the
ferromagnetic f£ilms.

Structure according to a preferred embodiment of the present invention of

30 an AFC Disk with a Boron-Free Lower Ferromadgnetjc Film as a Nucleation
Layer

High performance commercially available disks using glass substrates

and CoPtCrB single-layer magnetic layers can require of six layers. These

35 layers are a pre-seed layer on the glass substrate {(not shown in Fig. 1),
the seed layer, the underlayer, the nonferromagnetic (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

40 sputter deposition, assuming the use of two heating stations and ome
cooling station. Since the AFC magnetic layer replaces the single
magnetic layer with three layers, the total number of sputtering cathodes



10 a first ferromagnetic filmformed directly on and in contact wth the
under |l ayer, the first ferromagnetic filmbeing an alloy conprising cobalt

(Co) and & 013490 (Cr), wherein G is between approxi mat el pCHEBANE325
atom c percent in the alloy; 15 a nonferromagnetic spacer filmon the first

ferromagnetic film and a second ferrondgnetic filmon the spacer film the
second ferromagnetic filmbeing an alloy conprising Co and B, the second
ferromagnetic fil mbeing exchange coupl ed antiferromagnetically to the 20
:‘Mi1 rst fe{ﬁm@r@% 'bffeaftiel ma@eqassktb@eim.er Thid Hhnber iTél;e_adéék t8in Gkai m éL |
erein LI er.r efd c . fi a .ckn approxi mat el y
. 1.5 and 3° rentIS %‘113%?%8‘ &lke 5 ré%?%ﬁf c&r&' 8‘%1‘5%525 £ \A@PD derc1 gyer is an
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further cohppusierina csbkelidsaywdricheotakeenirphementbsiqrabe r¥Gdmedie diddrhlber
, ang wherein the underlayer Is 30 forned directly on and in contact with the

seed | ayer ' t ehtdo oy of
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al l oy furghetscREREh FeNghdlsabodduobidip. £14Q hrothe the Sk basdy18¥acedi ng

clgi m whepai r Y fu r conprising
taﬁt al um zﬁfé} a{ﬂ’%\?\oé %H%%BWP%A %%%%ﬁg%%giggeﬁ?%g téle E‘S&? any of clains
1 to 6 WheETEPIRFREL? TSP TerFPOMEGNEYPE FEPnP1S LayPrarPdyFhsFeiGRr ey Sl Cr .
10. The démittefirgngathiodeetti pgefdrabl wheviged. (Thés sysdgees fthe mhotehgiveber . 5
essenti al by sphridtbbeniyeps (iButne hic dibe slirakrwile, atherpheREiawhisgai m wherein

t he secog_gl,D egg{ﬂnﬁgﬂ&tahgugah)gﬂﬂyspml%éoy further conprising G and Pt. 10

121. The any preceding c¢laimwherein the substrate is glass. 13. The
di'2k of any precedl ng claimfurther conprising a protective overcoat forned
over the secon®e fhave Gnadgyrn thay iakhs agSbatd ainesdt sie wicleayiq éeedi agd cl ai m
wherein tfe Lovad 1hpdy QABGREAFE stiltdbubes aamddiireknasSpidreaaslyans@@aet i zati on

ML, the sggaomnd;fer kONBINE! isg ;menwag%o@ etpm&mﬁé Mﬁ%&h@ﬁ@%ﬁt '0”

M2, and wherein the magneti ¢ ponent uni t X t2)

of the fiYE® AHY CsEThd™ e Bratgngt |t@ f#ﬂlﬂs ar’rdeE?fé Firamy weldr 88 dibef er ent
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a second preferred embodiment it has been demonstrated that such a material is
ferromagnetic Co.Cri, which has a saturation magnetization (M.,) of 425
emu/cc. X-ray diffraction results showed that for an AFC structure grown
on a conventional underlayer, using a Co.,Cr., ferromagnetic f£ilm directly

25 on the underlayer, a Ru spacer layer directly on the Co,Crs;; £ilm , and a
CoPtCrB film directly on the Ru spacer layer, the C-axis of the CoPtCrB
was in the plane of the film. When a gingle CoPtCrB film with an Mrt of
0.32 memu/cm® was grown directly on a Co.,Crs; film with an Mrt of
0.1 memu/cm* , the measured Mrt was 0.43 memu/cm?®, which is very close to

30 the sum of the Mrt of the two layers. When the same type of CoPtCrB £ilm
was grown on a Ru layer of the thickness needed to obtain AF coupling,
which in turn was grown directly on the same type of C0,Cr;; £ilm, the
resulting structure had a Mrt of 0.22 memu/cm® . This value is the
difference of the Mrt values of the two films and shows that AF coupling

35 is present.

It has also been found that the CoCry alloys with 14<x<22 produce
excellent magnetic properties when used as the bottom ferromagnetic film
in an AFC recording layer. This was not expected since it is known that a
40 minimum concentration of Cr (usually at least 18 at.%) is needed for grain
boundary segregation, which in turn is needed to enable independent
switching of the magnetization of the grains. Because these CoCr alloys



nonf erromagneti c spacer filmon the second ferromagnetic filmand a third
ferromagnetic filmon the second spacer film the third ferromagnetic film

bei ng exchwpyagis¢aupl ed antiferromagnetically to the seconcdracsarmasneti c 25
filmacross the second spacer film 16. A magnetic recording di sk

conprising: a glass substrate; 30 an under | ayer selected fromthe group
conprising G, a GV alloy and a CTi alloy on the substrate; a nagnetic
recording layer on the underlayer and conprising a first 35 ferromagnetic

film of %v@li %{gﬁ)fmoﬂgﬁty Caimae Kdttoml Adirbdadnet g thoksveen rppsaxiceately 11
and 25 at o & pef cefil, I ”?d dLrggt Lé(«?n Pi?&%@ef&h GRIM Qﬁ% é’ﬂﬁcpnésﬂe the

X underlayer 2 non erronagneti ¢ spacer terial sel ected romt he
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t heir al |xepslfigontit shradtaréi r Meadumed oHRgAet REC friedip, @dd Oﬁ)WhiCéééleﬁdi
. fegromagneki ﬁexfﬂoh\a@&ftlanflalml &8/ CoBH4,8], NPuCanamti B ee tbeerspacer film the

spacer fi syf Ly s R 0hns
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17. The disk of claim 16 wherein the first ferromagnetic filmhas a
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further co r|S|n H&@ﬁ bet ween 10 %1 strate and
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(Ti) and }avefofitmd whimgoa [opnvgntaachl porksprrenadnglid Coderss abdldagyen layer: The

di sk of chaai oy 1B awhengie dHeessresk hayerc dssksabiet e6dm,08n tde 4fresgr oup

ggnj\;‘];[_ L}P% ?Em@gnREﬁI: fq tq Qﬁle:ﬂ SQJné Q',Yype ?oQ CJEh:%rgln%lﬁePIachlglﬂﬂelgeco;llZ 18 or

“IEAR . AFISTRSTSRRE f?l‘ﬂr%lsillr 4 & %E}e@\t P‘&SF pwldeh (buso) sor

bd{ vql gb] R&e afwsafielisc e dRe afe ape al]léal]ﬂba]f%qe@a}‘(ﬁi-]&’c a] T cdteafrawe) el cay
ca] ca U] ctwr] e8¢ cask)]wita U« ad].cadllcha fizat cReathtgnefbc=2ilm grown directly on

&@ v~} xsniyl ¥I] Jﬁ@H &@Lgﬂﬁé] &4 ﬁﬂﬁ: %L&l?etic recording performance.

20 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:

Pre-seed layer: AlgTis (20-50 nm)
25 Seed Layer 12: RuspAls, (8-20 nm)
Underlayer 13: Cry,Ti,, {6-20 nm)
Lower AFC Film 24' directly on underlayer 13:
CO(100-xCrx With 11l<x<25, or
CO100-y-xy PEyCYy, with 0O<y<l5 and 1ll<x<25, or
30 CO100-y-x-2) PEyCr, Ta, with 0<y<20, 1ll<x<22 and 2<z<6
Spacer Layer 26: Ru or Cr (0.4 - 1.0 nm)
Top AFC Film 22: COpoo-y-x-nPEy,CreB. with 6<y<25, 10<x<25, 6<z<l15.

In the preferred embodiment the ferromagnetic CoCr alloy that serves
35 as the bottom AFC film without the need for a special nucleation layer has
a composition with Cr between approximately 11 and 25 atomic percent. The
Cr concentration is determined primarily by the thickness and Mrt desired
for the bottom AFC £film. Since the concentration of Cr determines the M,
of the CoCr alloy, it determines the Mrt of the CoCr film for a given
40 thickness. The desired thickness of the CoCr film is determined by

optimum £ilm growth and recording performance. The upper limit is the
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a first ferromagnetic film formed directly on and in contact with
the underlayer, the first ferromagnetic film being an alloy comprising
cobalt (Co) and chromium (Cr), wherein Cr is between approximately 11 and
25 atomic percent in the alloy;

a nonferromagnetic spacer film on the first ferromagnetic film; and

a second ferromagnetic film on the spacer film, the second
ferromagnetic film being an alloy comprising Co and B, the second
ferromagnetic £ilm being exchange coupled antiferromagnetically to the
first ferromagnetic f£ilm across the spacer £ilm.

2. The disk of claim 1 wherein the first ferromagnetic film has a
thickness between approximately 1.5 and 3.5 nm.

3. The disk of claim 1 or 2 wherein the underlayer is an alloy of only
Cr and titanium (Ti).

4. The disk of any preceding claim further comprising a seed layer
between the substrate and the underlayer and wherein the underlayer is

formed directly on and in contact with the seed layer.

5. The disk of claim 4 wherein the seed layer is an alloy of only
ruthenium (Ru) and aluminum (Al).

6. The disk of claim 4 wherein the seed layer is an alloy of only

nickel (Ni) and aluminum (Al).

7. The disk of any preceding claim wherein the first ferromagnetic f£ilm

is an alloy further comprising platinum (Pt}.

8. The disk of any preceding claim wherein the first ferromagnetic film
is an alloy further comprising tantalum (Ta}.
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film is an alloy further comprising Cr and Pt.

10 12. The disk of any preceding claim wherein the substrate is glass.

13, The disk of any preceding claim further comprising a protective
overcoat formed over the second ferromagnetic f£ilm.

15 14. The disk of any preceding claim wherein the first ferromagnetic £ilm
has a thickness tl and a magnetization M1, the second ferromagnetic film
has a thickness t2 and a magnetization M2, and wherein the magnetic
moments per unit area (M1 x tl) and (M2 x t2) of the first and second
ferromagnetic films, respectively, are different from one another.

20
15. The digk of any preceding claim further comprising a second
nonferromagnetic spacer film on the second ferromagnetic film and a third
ferromagnetic f£film on the second spacer film, the third ferromagnetic film
being exchange coupled antiferromagnetically to the second ferromagnetic

25 film across the second spacer film.

16. A magnetic recording disk comprising:

a glass substrate;
30
an underlayer selected from the group comprising Cr, a CrV alloy and
a CrTi alloy on the substrate;

a magnetic recording layer on the underlayer and comprising a first
35 ferromagnetic film of an alloy of only Co and Cr, with Cr being between
approximately 11 and 25 atomic percent, formed directly on and in contact
with the underlayer, a nonferromagnetic spacer £ilm of a material
selected from the group consisting of Ru, Cr, rhodium (Rh), iridium (Ir),
copper (Cu), and their alloys formed on the first ferromagnetic £film, and
40 a second ferromagnetic f£ilm of an alloy comprising Co and B on the spacer
film, the spacer f£ilm hgving a thickness sufficient to induce the second
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10 the substrate and the underlayer and wherein the underlayer is an alloy of

only Cr and titanium (Ti) and is formed directly on and in contact with
the seed layer.

19. The disk of claim 18 wherein the seed layer is selected from the
15 group consisting of a RuAl and a NiAl alloy.
20. The disk of claim 16, 17, 18 or 19 wherein the spacer film is

ruthenium (Ru).



