:{|-e3enBj | X6T6DR&4 i 2 7 JAN 2005 WD 02/ 1319(1 PCT/ GB01/ 033112 Z %AN 2005
ANTI FERRO\@@EE@ALLY COUPLED MAGNETTC RECORDI NG MEDI A Techp&ﬁgh Fi
A 8’ﬁ3§

This inventio tes generally to magnetic recordi ng nedi a

xﬁmﬁma;;ﬁ$$@£?m$ﬁgmwnammﬂwmmmmmm
described in the above-cited co-pending application. 10 Back grqmgI b O

i nventi on Conventi onal netic recording nmedia, such as the nagneti c
recordi ng di sks i nAH’é?FcFR&(PJWNHTWfé‘&? CE%P[B?’&%IMIAWW@ REGPRAFNF ¥FO¥%er r omagneti ¢
| ayer, such as a sputter-deposited cobalt-platinum (Copt) 15 alloy, as the
recordi ng fgegh iy EaGly nmagneti zed domain in the magnetic |ayer is conprised
of many smalT magnetic grains. The transitions between magnetized domains
represent the "bits" of the recorded data. IBMs US patents 4, 789,598 and
5,523,'.173 desépbErvenrson ypeatek gorevehty onatagnpgid rdfstdin@neAsat had
storage dewnsétparefcumgnetic ar ecpredi Mgedbsdisg h@isk wodeased, the product of
the remn%ﬂElmﬁééﬁﬁhmMo&ﬁM&Qr@FM d]a%ng@&s%@& dﬂ?%@y"ﬁ Qf JRQNEL C

monent per, unit erromagnetic_material) he magnetlc yer

t hi ckness & eﬁle%rrl er%e%b""@. FAar £57, peflﬂ”engca%ﬁl&c@‘él% field or coercivity
(Hc) of the rragnetl c layer has increased. This has .led to a decrease in

t he rati o sikkdidand ToF aphi Bwentdte reduction in Mt, the thickness t of the
magnetic | ayer can be reduced, but only to a limt because the stored
magneti c infor;L:atlon in he Ia er will be nmore likely to decay. This decay
of the magneti ZAtT oA 748 Hﬁgﬂe%/i‘tct FEHTCEt (6%t hefhel 2802 PRFRATLON of snal |
magnet i ¢ FEAPFEINGt fesksuperisad ahimgnétives eftvettadllyThee eheramllar stability of a
magneti ¢ geaidndglet O dakar geuaxteni spatesraaedkibyd KiWawhene: Kumi scdle

megnetic anispt ragpyh&%sg@mgqxedm@ | ayer 205k (b8 dRg:YahumR Qf t Qg
magnetic grain. %y%r t hi c ess i s déecreased, V decreases’ 9
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to the solatemrs af 78hisge probE e1n3i, $71 deponidet thiz hingher amivedticapy dsmaieri al
(hi gher Kaiy}x, However, the increase in 1C' is |limted. 40 by the point
whgre the coercivity Hc , which is approximately equal. to KM (M =
saturation nmagnetization), beconmes too great to be witten by a.
conventional r&SoFdt MGORRHd IeTELty| of MaPIShIfr tRECRIRY FbSRedaT enERRR e Of -

t he WOtBe/Hr3E90t 22 tie Joaha 2605mRATELCBO1,03802vmgnet 16 hayered am a fi xed
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to,Jncr ea%g?gf% P%téeq%?’gﬁﬁghg%]ydex% %nr}l%ts 40 %1 gﬁ é’dtll?/e megneti c

Vo urre oﬁa@?leli af{ﬁsofstqe %?%’éééa agelf—ﬁ\ﬁév’é}‘:ref‘?ﬁds approlh Rds
been spaw°td d@éra@‘feetléri‘—lmwa‘t@ the/ He nt Tenaibd v giral redugtitoi $@ Mrat i the( SNR)
of the nmagheétireskayest. tTBMagnfaleniyeApphd Gationc&B 2365018 descrihes a
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t wo ferromaggetlc | filns an} erromagneti call cou across a
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volume of the magnetic grain. As the layer thickness is 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 ferronmagnetic films. Thl251
reduction i n Mt is acconplished wthout a reduction in volune V erlANJAl
the thermaWeO%# Pty of the recording mediumis not reduced?CI/GBOIIE302
enbodi rent of the AFC mediumthe ferromagnpetic filns are sputter deposited
CoPtCrB alloy filns separated by a Ru spacer filmthat has a. 20 thickness
to maximze the antiferromagnetic coupling between the two CoPtCrB films.
One of the ferromagnetic filnms is made thicker than the other, but the
t hi cknesseB*AFETENGYER & fhitxefheayrat tiioenats i nhiady Mlblppflelﬂetcb e gsretce CMx
field is |owrebutedonzes,obuEhAFGametica 1ifiddd be wistdargui-shedndy Qo be
conventi onglsctlan naked: HRdhfo WSSl MIYO-OrIDLE JBANS LS Jayels, are
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spaced apart b onmmagnet i ¢ spacer so tha e Illgayers are
del i ber at e'fhatnéaﬁe#%?‘ﬁqf FREBIPF et re ¥ STkIRAVRRTIRAE C AFF4PaNtS anfspased.
i mpP oved SKReyal bdiackprevedh lhay béve slsemoto | lmrdabitediomdita. thEhent:aducd i on
in intrinsémia- ﬂ&dioasﬂma&&obwmarﬂm@hé%ghétmhhﬁééed due to a. decoupling
of the magnetic interaction or exchange coupling tween the nagnetic
Iayers in. the lamnate. This di scovery was nade by S. E. Lanbent, et al.
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requires stl anot her s utterlng TORTTHhe
Sumary of C’tpﬁgrl? MeRE | or‘?nTOOfA(FB%rfcﬁrﬁ@‘l‘a;ﬂnth‘é flh%msl Weptwk@estf&mnalgmetl c
recor di ng dhsk: dnphe sitdgknesssebster atasenasfonb e rie NBgN ebhen tuntlesd-ayer

sel ect ed fappmitdheghotir ¢8R iisi NG, CGuraRdnaddoys of O on the substrate; a
first ferromagnetic filmfornmed directly on and in contact with the

unger | ayer, 15 ]Eice férst ferromagnetic fil mbeing alloy conprising cobalt
( and chronitim (€72 *fhk? &Fnd G P isdedeBinmapirertivace| Fanmaned” 25

at oni ¢ perB8hR- ieFRE: dvPogE maraorbeeticmigyetsi erspagerd kpdmm op 4the first
f er r omagnetoheadidtiy andea sAeens frokt UMORRIHEf i1hpeon stbeiapasal.fi ! m the
second fer“{agﬂggﬂﬁtlh. cfelclom:p@ ngILarlsa}LAo% erﬁgtggtﬂlgt 1m€é¢FYec{1%Ng second

ferromagn%tl o fl Iv@d mgeexc ang][ antiferronmagn 0t He
first ferromaghetic 1 1matio8s 1He™3 c@?dlf“'i I rﬁheAE‘é%‘rc(’iiL?Fg Ltno‘%{'-rﬂflé%%rred

enfodi ment™e4A3 AECSRERH d2P&rievi dedetinyed pbss 6g sedetiugh iperdformamegnetic
magnetic propexdties dutexdoegenosuplensiveewtdie t26 addediconapfrSputderi ng

stations t@mthe EXI @M&%MEQ%M hiuL h)%rn@ EAnLaf%Egrtgl %E 1S prlQeV ugglon of
wher ei n trllwe he AFC recor'di n

Iovi@mseelrr %g%acfllml
bor on-fred Farr omagnet i "I9Sy 19HE oG PRGUITF aTrﬁﬁ%%Céa?ﬁlﬁ)r?“
| ayer bet Weeneticsandy: he2€r Nor ©r sebtopeBOLavderd ayers-2Thwe hedr omagnetic
CaGr al | opuhasqsutiy glaeBhe SALHI B QNy @gﬂﬂén%aﬁ 'O@Fﬂ £4¥R) @iﬂpqgﬂ:cﬂle rSddcture

to produc xceld.ent n e ordin 4 erf Qr FC recor i ng
| ayer, % 2 ﬁgeGr W%gfg a g‘%ucfeeadth e 2y 8;@ |“htg‘ué%e(ilﬁ§ 155 9pt AifEs
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C-axis gr 8ﬁ§h“‘ao‘5rnet“h(éa1t1é(p he%&ﬁf%em%bd:ff@ﬁﬁofrmgwtgmetm llmvetir-ough t he
spacer layer. 35 In one enbodi nent the first ferromagnetic filmhas a

t hi ckness bet Ween g U= X a‘i&lﬁ%h&xeﬁ%@@s P nﬁlsk,' R.-ane, eobadL rE%%Ea %—ig‘é
underlayer i s an alloy of only Cr titanium4d (Ti) . AVMENDE SHEEY
ar uring process. Because AFC medila 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



2 7_JAN 2005 WO 02/13190 PCT/ GB01/03302 4 In one enbodi ment a seed |AygaNizgs
pré@i%@oﬁgmmﬁ@e substrate and the underl ayer and Lhe under | ayer is GB0103:
f Srmed-difrectly on and in contact with the seed. |ayer MasdedaRagsr txat.e -
the. seed layer is an alloy of only ruthenium (Ru) and al um num (A1).
Alternatively, the seed layer may 5 be an alloy of only nickel (N) and

al um num (Al). In. a preferred enbodinent the first ferromagnetic filmis

an alloy of only Co and Cr. Tn another enbodi nent the first ferromagnetic
filmis an . r,_co i si,ng.one Qr mare of platinum (Pt) and

tant al um 1@%{{%?1%&{%%3%%'%089%%%?% h&espitef ? iHoRPRUIesratnings sbiny dliky
of rut heni Lﬁﬁpé‘ YR hte BEET Bkl ywhilkh seoeatssaeyr Dimyghet iperfodmante meuial | oy
further comsabéierytle wrdoPta shbely wayetDbrexATRLE hhesRWbES T@hEnLs GleaSS
and in one gaheoklicteobe [REEEH Fidnd 01 [ /ercoat. fornmed over the second
f er romagnet gn%icjfmt L n,9ne enbiggi rre%&gltq#e\ég? %tggc?sgr??fo(ff‘r_nh@eﬁﬁeg’rlé"sf tF nthadea

thi ckness t1-23¢ and" & hghet i 28T I8 R OPhERYSEc ofd ok e Svmimeeivcati | m has

a t hi cknes PR HTRAGNGHGNERGz al 1Oh KRquizad 41181 nEgibés epuor@ihs el i in
area (ML x thé)memdac¢thviirgt Rineof the first and second ferromagnetic fil ns,
respectively, are different fromone another . 25 In one enbodi nent there

is a seconq eg;otm%ggg‘;in%_s acer filmon the second ferromagnetic film
and a thi rg%%rm'gmﬁ—%ﬁgon t he second spacer film The third

f erPonmagnetic filmis exchange coupl ed antiferromagnetically to the second
ferromagneti c fAkaerElingss, tthe ﬁﬁ&ﬁﬂfbﬁ@a&e{defgiimagg’»&i'ghgegd}&gggi an,further
provi des aco Behd € af 8@ di-pg. di £99prispg. 2.9l.ass _substrate; an

under | ayer §ﬁggg§$ifsrigmérhgnglr g{gg&éomrrﬁﬁﬁg%}u}m%wv aﬁﬁqﬁﬁt%fra’“dlﬁ .

al 1oy on the substrate - a. ARGHETTE r°§c8’idﬁnngh? AyeFLdhet e fipeter | ayer and
conpri si ngf%trrf’f“ﬁ%’fetﬂérf’o]ﬁ‘hﬁﬁé‘t‘?dad%ﬁﬁa OWQ iy gowtfac8Swioml yheComaRel aydr;,

w th O bethry fléew\/e?@mramn@ximehwehm% 1£§€ﬁ§m@w@r&ggib feon negy
direct|y othmmduhn(@ONt@Ereth tdh 1k NG MBAETLBYElina A0 L ARGy et C Sspacer

L] st ssbosied, f amils s SRl g oL By, ot um

(Rh), iridium(L[r), .copper (Cu), and.

ferr omagneéeirg O%??Jn%tlﬁngﬁé”s DR ST AR IRet 1 3 OF L] 7R Ghe agpaziel 0Fi 1m,

conpri si ng-RC S&FRPBIBHranagnstpiec 6111 iHefng teineakipac esmorii binghavi a@ 8, t hickness

sud i ci entseacond nifuzenidretsechins Belny0 BRGAALE Cdubl 48 Egtﬁrgéﬁ%?,ggg %qg,pggd
i 02/ 1319 7

antiferromagnelisalebyrdnghbe: d sk st fepLommgnetic film WO
JAN 2005 PCT/ GB01/ 03302 across the aézpacer giﬁep%chénédkrﬁ' protective overcoat

formed an the magnetic recording layer. In one enbodinent. a seed |layer is
provi ded bet meﬁﬁ%ﬁ%l%ﬁgt?étréfaﬁw%wlmmmm medick theorondesd ayee i S
an al |l oy dPseatsesChigingetfoamingen nfafinkt an@roserkosseds dide@Chdty r@fufnd chB
COM act viskhithe seeducayerng Bratioolo KBS I RadRede LAY 115, ST ect ed
fromthe group consisting of a RUAL. and a Ni Al al | oy.

An AFC disk is -preferably- provided wherein the lower ferromagnetic
film in the AFC recording layer is a boron-free ferromagnetic CoCxr 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 f£ilm through the spacer layer,

35
In one embodiment the first ferromagnetic film 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) .
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10 I n one enbodi nent the spacer filmis ruthenium (Ru). Brief Desc&i pt.i on ,
of the Drawing A preferred enbodi nent of the present invention wl TN

15 descri bagiohy/1y@y of exanple only and with reference to th@ﬁ@ﬂ;‘jl%\%(ﬁg
drawings: Fig. 1 is a schematic sectional view of an AFC magnetic recording
di sk according to the prior art. 20 Fig. 2 is a schematic sectional view of
an. AFC magnetic recording disk according to a preferred enbodi nent of the
present invention. Detailed Description o the invention 25 CGeneral

Structure of annA% earggd!mtwg%ebl Layel-eLordLngs di §é<tve£ntéh% BLGHELL eg a
enmbodi nent j%‘% t hat “wo

netl ecor
or nore fer rana ereltaﬁ’%r l'ferrém%]aﬁ;f‘yeaj? éqc%‘iiﬁ‘fagoélaﬂﬁfﬂyerog ?ﬁsféﬁ@t‘?oé’aﬁﬁ/ ( AF)
to their neitghbes |Sﬁgdflef&’|eéna@bfewachﬁQWPlW ohe wwednEvernonfer zdragret i ¢
spgcerk f1 ;) | sreLy Ehtgaenaum:c (IR]uMSatri‘daBBﬁnlhﬁF @ener ahteﬁa%$%1%CEm@%Ed ﬁh&eﬁtr%/e gg
a dis n F t magnetic | ayer
Theé di sk subteﬁ?rg{]lg?llg_’)Lf |O§1%2§%g€?t ?%fe“lnﬁa%@ir*?léﬁg &sgch asggl ass, S|yC/ Si,
ceram c, quart, or an ALMy alloy base with a Ni P surface coating. The | ewd
| ayer la is an &pta praferredyambodimgnt ey birsyséernogagiatpr ofdgnt he agr eMtdy of
t he underl&yenid 3o The seedd ay@hel Zertodimst CEMFRDRLY fu§ﬁdna\¢yﬁ@&ct Beim is
substrat e Jl . fononuBla hbr&rléwﬁgge% A8 ofN2 806G, | QYT N85, 8, 40

5{ kness I, t he range of appr oxi nm an I s oné fa]ur?h
materi al s, "&eh as Ta, OTi ,NA. or RuAl whi ch are useful as seed
materials for pronoting the growth of subsequently deposited layers in 2
7 JAN 2005 WO 0% bﬁ&%%anfﬂ'deﬁiBOM&:aﬁ&ée& Glnxel’cbﬁéllr‘stpl’ﬁécs%hliﬁil%r yﬁtxehhéxﬂem
orientationg,) AutM §18 bhaerk S e t t he

gl ass subs{kr%ate 1% gnd tdhg seeé%%?e{&%%a&%egufﬁggr saggr 11§y fyVer‘c%lepom ted
onto the se8§ TEVEr - (¥ 9iesent, or otherwise directly onto the substrate
115 and is a nonnagnetl c.material S such as chromumor a. chrom um all oy,
such as CrV or &~y cEhexamder tiayetbatrdthas glddd eKNESSohd) dhbedimdBge nafe5
to 100 nm i bhparkypivalvalde RehbY RRPMAx TBLGLY 10 A0, [he ARG magnetic
| ayer 20 is made up of two ferramagnetic filns 22, 10 24 separated by a
nonf erromagneti ¢ spacer film 26, The nonf erronagnetl c spacer film 26

t hi ckness and COhPBSi TIPOA%RE BifoEFFts ST irapTttie cnbiifebit anshbfimss8Xl 34 of
adtcent fankdng R@nepiratiespuct theebygorgr eeAlonepupliedtiihr bugh thekness t2

nonf er r onegaet i tagmpasaitiot IMzm 26 apd Fkenanti rli&reaklu, &lex !u[ht %@éao (ﬁ@l@l il

field. Th E- u 4 0 ha nonment s
that are garnfd\gﬁ?zg ggh)t ryf:?}a% %gd S%c éée afglfj \%21% irﬁs eCtT‘ Fger

moment . TH&ESf &t 6rayndrR CTI’ieI f"ﬁs"b??r 24 are rrade of a CoPtCrB alloy with 4
to 20 atom c percent (at.% platinum 10 to 23 at.% chromumand 2 to 20
at296 bor on. Therment emboaagaet t1rspacear sédddnm Izcﬁlfkﬁrédabhm [;F&(Bli!n) £i140 on

Because thgof Ld&haf &1 re@ae%&bcfmnlmgé %Ilr&hf AF %%foetgﬁ %n\/%ge ZS%G'Oéda

bor on- cont ai n| ing..CoPt %r 2 g very

al |l oy onse€f?a%" niéleat ®oh J1rgy FrPRRgRS d%pfdél“t’e?j ﬂhac”r?é threrfayer 13 The
nucl eat i orf"FajBiromagnaigsa’d ve bapdsi #¢ondstdraenaphet be difimmoeoshehgr ewdndof

t he hexagomaktexclfase- packed (HCP) CoPtCrB alloy of film24 so that its 25
Caxis is oriented in the plane of the film The proper crystalline
structure of thrﬁ flrrwst tCoPthr film24 in turn enhances the growth of the
second CoPtCrB il 22, lflhrblﬁgh t K& RIS Faf8f S5 nf 6 4R 4t Ruvetirg-
C-axis in.2 plaife S“P?”taﬁé @(?PF@EBlﬁWImSEHECWGFief@HOW dirreg tdoypoir ibh ecrCr a

al | oy undertrayeroyldndniat hotit adlsehedts eubdtayed; at Rgdheklc Mb%:&gtjwe@\/\bﬁ»o

withits Qh@xmelr@a@é}ea%%%ppﬂ‘mkgea fel: L f\é’QJ«&%g chdfﬁﬁr?%'t PP ¢

I’G‘B%OI’dI ng ? is well known resence IO“IYI

i ipor t ant acﬁl eV| ngwétr?alcr 5vap H%etlwﬁe? FEPTBCHF ?JﬁglFaV@r ,25\/%%%1@ i
necessary PE&EeTHi ghoRecf divrtice oredid inTemrteforvd tht e nuddrdatennal ayer ~9,
al | ows usecafehonamaant aiarieAdsiahl QS aatadcheal @CoEEidAgriAY ehe LG

consisting of Ru, Cr, rhodium (Rh), iridium (Ixr), copper (Cu), and their
alloys formed on the first ferromagnetic film, and a second ferromagnetic
40 £film of an alloy comprising Co and B on the spacer film, the spacer f£ilm
having a thickness sufficient to induce the second ferromagnetic film to

be exchange coupled antiferromagnetically to the first ferromagnetic £ilm



35 nucleation. layer 7.4 typically is a. nonferromagnetic Co all oy,z;apﬂh Zhdg

the prefer dinent is a. CoCr allay wwth C >= 31 atom )
(at9 . ‘Thi\gsg(z)@ggonposi tion produces a phase which is nonfl;e%ﬁgﬁgg(ﬁ& c or
slightly ferromagnetic. 40 The AF coupling of ferromagnetic films via a
nonferromagnetic transition nmetal spacer film |like the structure of |ayer
20 in. Fig. 1, has been extensively studied and described in the
literature. In ggneral , i 7 JAN 7005 W) 02/ 13190 PCT/ GB01/033(12 7 the
exchange E8UPIT RG” o¥EFTT dt'ed’ f¥8nt FEPFBREYRetT T °PB" at e rPohhieg ReEH<E 1 t h
i ncreasi ngecgpaeertdvielrm t hi ckness. This oscillatory coupling relationship
fox selected material - conmbinations is described by Parkin et al, in
"GCscillations izp ange Counl i g resi st e in.Metallic
Sugerlattice Str %ﬁ?es: I%%QLR% SEC% g&ggﬁgﬁé‘fé&q‘ggép%;gg&ket\% fgygf%evﬁfi
64, p. 2,032 “(“f@’gb)Y.erTﬁ%d t SPISF L 0GHbTh AR DY) REI dHE FerrBndgnetit (Fil ns
made of Cand He, fngmedgfdiradtey roraphdyie, coniclyt asl thi LtFe, seRp -1Gyer andyFeyCas and
nonf er r onegamgtliec spacesd fliak &b iSUEEL @S RUerof NEIATHUBYL Cols i Jthodiem, (RR)
iridium (4.2 ®0RPEHLEU), and. their alloys. For each 10 such nateri al
conbi nati on, the oscillatory exchange. coupling relationship is determ ned,
if not already known, so that the thickness of the nonferromagnetic spacer
filPmis sel ect éd e askefiaenhttvtespeorughidi €5 coupting etiween the two
ferromagnetic filns. The period of oscillation depends on the
nonf er r onBgNat b SNFCEL, MR &Ld 3l QUt the strength, and 15 phase of the
oscillatory coupling al'so depends on the ferromagnetic material and
interfacial quality. For this AFC structure of |ayer 20 the orientations of
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35 layers are a pre-seed |ayer on the glass substrate (not shown in Fig.
:1.), thepseadebh ayairitdi@nusdent awgbnridre nonferronagnetic (or slightly
fgeromagnetic) CoCr nucleation. layer, the CoPtCrB magnetic |ayer, and the
protective overcoat. Common manufacturing sputtering tools, such as the
Circul us _— ven stations available for actual 40
sputter deposition, assum ng the use of two heating stations anal one
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40 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 ag geed

materials for promoting the growth of subseguently deposited layers in
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C-axis in the plane of. the film and can cperformwell as the 20 | ower
ferromagnetic filmin the AFC nagnetic recordi ng layer. In the preferred
enbodi nent it has been denonstrated that such a material is ferromagnetic
Co.,eCr22, which has a saturation magnetization (M) of 425 emu/cc. X-ray
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CoCr alloy_ is insufficient for high performance recording. In addition

this pref eVYPLd B Rary alloy of only Co and Cr, the |ower fePFBRRYHEINL film
may also be a. ternary or quarternary al hoy of 5 CoCr with one or nore of
platinum (Pt) and tantalum (Ta). The Pt may be a desired. additive if nore
anisotropy is desired in the lower filmand the Ta may be a desired

additive if nore grain isolation is desired. The concentrations of 0<Pt<15
and 2<Ta<6PhHFeIpEEn caer Binfi frsd Lt el e fexpsimgahe tigntre snfhf chohewretic
successf ukith dohiewedy tiwese fumposiesneds0 THi8 092002027 cdANiRO04 11
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Cr wh b e o) eI lrd tomc ercer}Lt in the
gl I z)y, 12%&%6“%%‘%%@%% Hac&gggc&e(c? n?%1 m 6 arfdh i'T St TSN r StrgARtT'CFRI | ny
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f erronagnétilc fheédavrei(Rly anriivoy (lGonprdpseng(CCo, and Heirhelsgeondror each

f eor omagnetdic whitbrahetog@xehangens aupladeant |e;<@155r%@39§$t1hﬁ Ly tQnth
first fersonagnetic fi Lfnn%@f&%f%awm‘gacgg HacMedcnl claim

ne

wherein the first ferromagnetig ness- fsween g%proanately
1.5 and 37 %nﬁﬁ’ﬁ‘o%‘?tlel“hsé’%afﬁlflb‘f‘ S SpiRcEed g 25 %itter et ferecngaaeticayer i s
an. al | oy “ofrlgnpyPaiweandhei temifamd@petis, five . diBle périmdyoprecediatgos! ai m
further cospmidsi oy taeSeatekayaEnbeicneetetheateuhst I ate @Rdsthegbndeyl ayer

ang. wher gwset he wggémgeofﬁcégpl Qgr@@odagp%ﬁhéyo @hégkdrwmacggéaﬁ W th

the seed | claim4 wherein the see ayer 1s an all oy
of only rut erﬁf‘ﬁn? ]terfﬁcm?l %J?IW( Al). 35 6. the disk of claim4 wherein
the seed layer is an aI |l oy of only nickel (N) and alum num (Al).

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

wmoments 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 film 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 disk may have additional
ferromagnetic £ilms with AF-coupling spacer films between the
ferromagnetic films.

Structure according to a preferred embodiment of the present invention of

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

Laver

High performance commercially available disks using glass substrates

and CoPtCrB single-layer wagnetic 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 one
cooling station. Since the AFC magnetic layer replaces the single

magnetic layer with three layers, the total number of sputtering cathodes



The di sk of any preceding claimwherein the first ferromagnetic fil m is an.
al loy further conprising platinum (Pt) 40 8. The disk of any precedi 2nig JAN 2005
cl ai m wher 8YQ0U/REY | rst ferromagnetic filmis an alloy furthRET/C8AEIBE Ng
tantal um (T a). AMVENDED SHEET WO 02/13190 12 2 7 JAN 2005 PC T/ GB01/ 03302
9, 'The disk of any of clainms 1 to 6 wherein the first ferromagnetic film
is an alloy of only Co and Cr. 10. The disk of any preceding claimwherein
the spacer filmconsists 5 essentially of ruthenium (Ru). 11. The disk of
any precediergied| et mraker enmritthéisedeonddher r anegnetrberfid MaikgeaRhah |iay
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ei ng exchang u n [r netic
25 f?l m acr osgmt éangcon% gs% ager‘ﬁ%a?rﬁer 6. %ﬁﬁolaé'tef‘c“fdegff?bﬁfﬁﬁea‘?’r‘slﬁ one
conpri si ngP U G ds C%‘Eﬂﬁ‘?ﬁr%ﬁ eregraghy Eﬁﬁé*#@ye?hlsselré@‘t@@ frorhothe grbep
conpri si nPCreputte@ev Fvegy andha ABCTdisal boyucenrs hensuhst batomangagnet i c
recor di ng payetiHnmbherddndendiayer pabshea@mprising a first 35 ferromagnetic
filénof an alloy of only Co and C, with. C being between approximtely 11

and 25 atom c percent, forned dlrectl on and in contact wth the
under | ayer, a nﬁn%‘é‘?’? JmagHEt |t8a§[5‘55§rasf PP 6P SRRt BF el eatiert &alvsr omd t he

gr oup consihst LPtPrOfaTRE 1€ ther RBEistm¢tRe, 3 madewiml( Ls Jprecopudly (&ded anal
their all ayschoramedcominhe, fisr sib1d €6 roERgaRttag: {11yMon and o4 «36€00d1 6y
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ufficient tO |n uce seco
Spg&er fI|IQ nggry%omagnet Q%E% f% the AFC magnetic recording layer. In the

preferred embodiment it has been demonstrated that such a material is
ferromagnetic Con,Cry, which has a saturation magnetization (M,) of 425
emu/cc. X-ray diffraction results showed that for an AFC structure grown
on a conventional underlaver, using a Co,Cr,, ferromagnetic film directly
25 on the underlayer, a Ru spacer layer directly on the Co.,Cr; film , and a
CoPtCrB film directly on the Ru spacer layer, thé C-axis of the CoPtCrB
was in the plane of the film. When a single CoPtCrB film with an Mrt of
0.32 memu/cm? was grown directly on a CoﬁCr22 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 CoPtCrE film
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 C0,4CIa £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.

Tt has also been found that the CoCr; alloys with 14<x<22 produce
excellent magnetic properties when used as the bottom ferromagnetic f£ilm
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. BRecause these CoCr alloys
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in this preferred embodiment are as follows:

Pre-seed layer: Al;Tis (20-50 nm)
25 Seed Layer 12: Ruglls (8-20 nm)
Underlayer 13: CrgTi, (6~20 nm)
Lower AFC Film 24' directly on underlayer 13:
CO (100-0Cxx With 1l«x<25, or
CO100-y-) PEyCry, with 0<y<15 and 11<x<25, or
30 CO(100-y-x-2) PtyCryTa, with 0ecy<20, 1l<x<22 and 2<z<6
Spacer Layer 26: Ru or Cr (0.4 - 1.0 nm)
Top AFC Film 22: CO@eo-y-x-nPE,Cr, B, with 6<y<25, 10<x<25, 6<z<l5.

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 f£ilm growth and recording performance. The upper limit is the
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25 atomic percent in the alloy;

15 a nonferromagnetic spacer film on the first ferromagnetic £ilm; and

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

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

25 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
30 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).

3s 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 film
is an alloy further comprising platinum (Pt).

40
8. The disk of any preceding claim wherein the first ferromagnetic f£ilm
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 ig glass.

13. The disk of any preceding claim further comprising a protective

overcoat formed over the second ferromagnetic £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 f£ilm
has a thickness t2 and a wagnetization M2, and wherein the magnetic
moments per unit area (ML x t1) and (M2 x t2) of the first and second

ferromagnetic films, respectively, are different from one another.

15. The disk of any preceding claim further comprising a second

nonferromagnetic spacer film on the second ferromagnetic film and a third

ferromagnetic £ilm on the second spacer film, the third ferromagnetic f£ilm

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 compriging 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 film of a material
selected from the group consisting of Ru, Cr, rhodium (Rh), iridium (Ix),
copper (Cu), and their alloys formed on the first ferromagnetic film, and
40 a second ferromagnetic film of an alloy comprising Co and B on the spacer

film, the spacer £ilm hgving a thickness sufficient to induce the second
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. The disk of claim 16 or I7 further comprising a seed layer between
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 laver.

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) .



