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RECle NG MEDI UM Techni cal Field This invention rel ates generally to a
‘magneti c paeeAhHg medi um  Background of the Invention Conygﬁ;d%% 180
magneti c recording nmedia, such as the magnetic recording disks 1 n hard disk
drives, typically use a granular ferromagnetic |ayer, such a
sputter-deposi ted cobalt-platinum (Copt) alloy, as the recor %Iﬂlwﬁwuwmuwﬁ
Each magneti sed domain in the magnetic recording |layer is cow ny
smal | magnetic grains. The transitions between nagneti sed domai nssai@pr esent
the "bits" of the recorded dateNESpaterRoINg ME8IMI98 and 5, 523,173

describe this type of conventional rigid disk. As the storagﬂmmﬂ]m’ml"mu
magnetic recording disks has increased, the product of the r
hagnetisation M (the magnetic nnn%ﬁ’&b‘éﬁi-%&&@ vol ume of ferronaggékC
material) and the magnetic |ayer thickness t has decreased. Simlarly, the
coercive fieldriafs cORMELM tre1648) goferiey NRORBId Gt AY BEchal nk NEd@ased. This
has led to a decrease in the ratio Mt/Hc. To achieve the reduction in Mt,
the thickness t of the magnetic |ayer can be reduced, but only to a limt
because the magnetisation in Baskarcund, ofithe InveRkkonpre susceptible to
thermal decay. This decay has been attributed to thernmal activation of

smal | magnet i cc@ivahfionkl Negaupes RAEANBAREIddGa effuektads tI@enafgh@h@I stability

of a magngtic, rgaldn is;taa, Igﬁg}e ext ent dgter ned by KViia where K" is the
magneti c ani SOt ropy constant 0 yer ~an IS the vol ume of

ﬁrlves t

t he magnet§ E RIHEeRIC ASYERe SHEYTEL Pcsﬂuég%? FeRPEKTE s S C oI &R d CoRE)
decr easesallPhusss ithe tirgondigweredivhay dlach magkaeisedi dortago irhithe tageetstcor ed
magneti c idmfoeamt hepeik| cdi@rl onger eysimhhenanebos kil skl i ve
oper at i ng. & ﬁ& 1r@NSer 208 n%gngp%%a +09n the sgkbld.engl Lhis BF]QJ%' emis to

nove to a ani sotro eria g mever e increase in
K' is |i n‘?"lcé’ dafﬁ/ dehe pdF mtatRAET & (At cBe R V1 235 83 ARRPEIPS ShEHYBXidat el y
equal to nventiveedbmesitdobiskarge to be witten by a conventional recording
head. A simlar approach is to reduce the M of the magnetic |ayer for a

fixed |ayer thA&KHQSs%orQ!t;lé deRE Sty %fanla%ge{icmrteg&d@}{% th”i%kQOr%r Ciyit¥sidat can

be wri tteq}f@c?éuc%r Eq__ u re%r;n!egt tmgg%fntcre erga ul ar >gcchan e,

that the Ve Fagnetd ® Whgierit ST A &s%d

21 SEP 2007 upe I—ﬁ/\é%’?"maﬂﬁ?%waﬁiﬁ%aéh) [ad B@ena%rném %adebé:bdél‘@tsériidt?ss to
the intridgireasegnasintidant,seh¢ atoeoci(¥SNR)elof ot heenmigrieyi i) ayferhe Qur
co- pendi nge@pPLd qayépmaélolnc@%ééueﬁ 3f6dhs hid edaQd eb@écr%asela%th@d@l{zﬁasses the

ther mal siabil |ty brobLem:by JeRlackng, he conventignal sbpdke jmonet]c

recordi ng rg er romagnet i cal | y
coupl ed t BYEEhET" Qﬁrﬁesdé‘c?id'n(S’HFe‘? éfn’ia‘i;ﬁe%f‘&ltsﬁ%ﬁaé‘rsef‘iqenf“a‘gtfééﬁ%tewf‘hjé‘ the

magnet i ¢ wEntsllobetdre pews antddraiplomiignetciroal ldgcevupleis fAeFams has eoeen
ori ent ed antripatedl Lelthebhel netﬁvarteamnﬁntsmmgmegrieza& igaitidi@ekaess product

(Mt) of flHespiReabing Laser)i s thbecdi-hierence ik dde M ne'c§c ageomlsi shed

wi t hout ared ctlonlnth bilit re sen Ke of t he
recor di ng gr SeCAuSs eteer@(l)llmr@L \3#91‘ The sed R|(*’a sﬁs ‘?ﬁ“aé‘ ?11 f1he’t

separat e %ﬁ’i‘ts FRY OB SR TR Py L GG pR e VE 5 ﬁ@eaﬂﬂuﬁ%r?sft F%t“ia%?vc Wﬁline this
approach &ppearmsagpeoid dengy thicknese odudesraspewvsetcmphsenknOwns Aéltatei ng to

the magnetdgaeand 16960rdk Agleskeps edUcing, PIRPEEddc8SnYnet ¢ S n¥sERRYENLI 0Nl
recordi ng%é %ngér be stable at normal disk drive operating conditions.

One approach to the solution of this problem is to move to a higher
anisotropy material (higher K, ). However, the increase in K, is limited
by the point where the coercivity H., which is approximately equal
tc K,/Mr, becomes too large to be written by a conventicnal recording head.
A similar approach is to reduce the Mr of the magnetic layex for a fixed
‘layer thickness, but this is also limited by the coercivity that can be
written. Another solution is to increase the intergranular exchange, so

that the effective magnetic volume V of the magnetic grains is increased.



What is needed is a nagnetic recording nediumthat will support:ygryﬁgbgﬂj
.density recording while retaining good thermal stability, yet can'td 04
advant age of the well-known magnetic ang recordi ng/reproducing properties

of conventional magnetic recording material such as single |layer granular

Co alloy magnetic material. Summary of the Invention Accordingly, the

i nventi i {C.r i i : rhSi:ng: e. a
nont or r Srand (1% SpfoFPERE: b’ FRARCEIE SRE SRR ifidns? JUAHILALE: rdlio
under | ay&NRaofithe ongenetsd lagera first cobalt alloy ferromagnetic filmhaving a

t hi ckness t1 and a magneti zation ML, a nonferromagnetic spacer filmof a
material selected fromthe group consisting of ruthenium (Ru), chrom um
(Cr), rhodi umguRNo-pdndind Wpplichfidn NOPERE 14 $84) , filrAAOEBBT 8al1D9Y Saddésigd tign
and in contact with the Tirst ferromagnetic fylnl and a second cobalt all oy
f er r onmdfirsmpkstabilit rreblemdyosplapiagitie woneritonalgingle mueneraceerding layandtmana ng

Surfi ci enopernefnud TR Hiah DD e e ORGP SRR EreS

ant i f er spavegfibhi Gekduse tie mhgndiicnseméms oHtimgwetant fdridmnagactiadly-dohpled pdine lare

film and wherein t netic nonents per. unit. area (ML x 't nd . X
) "ot " PRENET PaibE L BE ORG RO age e Pk Bsbhits (i bt Bffgrebbfain
di ff er emdyef iPtheditfeAed ethe MR {sLdcBShPRM8S vl aouCMYeductibn SERh H¥fmal &ability
magneti ¢ recordi ng&{ng{ger on and in contact with the second ferromagnetic

film of (fcRESSeed by of thareqarging farer Recavsgithe volune: V id\he granscivgssl iof it
di ffer enfofJBifald gnicRAPRS itdiRMIREodph&l FRGONMd! SSRIRERES | Cwikile MhAndphiehdd
ferromagnoet iegalal y rlclzoup.I e_dgﬁvvitlt ﬂ }?%()e&p};%icolnd ferronggggt [ gfi I mI1 and ap.ﬁ}%

pr ot ect iapeeary @remsing of ntiodures he nesgset iof widkmowds nigldtimgeta theormagrfetit | end
under st andi of . hat .an dvant a t he..pr nt invention

refer enégcogcﬂg%i?e ré)@%ﬁlgfég§e§t1$ﬁﬁogtﬁlgluﬁg%qggt%o %[ & @gp gdlgig%ri ption of an
enbodi ment thereof taken together with the acconpanying figures. Brief
Description o i 1l is a ,schematic, sectional view of r.ior

art magnetic fr\’%t hﬁa%@ggﬂgwlz{mggwtlg rgpq{a}n‘g medium that will support very high %egsuy

recording while retaining good thermal stability, yet can take advantage of the well-known
magnetic and recording/reproducing properties of conventional magnetic recording material such

as single layer granular Co alloy magnetic material.

Summary of the Invention

Accordingly, the invention provides a magnetic recording disk comprising:

a substrate;

a nonferromagnetic underlayer on the substrate;

a host layer on the underlayer and comprising a first cobalt alloy ferromagnetic film
having a thickness t1 and a magnetization M1, a nonferromagnetic spacer film of a material
selected from the group consisting of ruthenium (Ru), chromium (Cr), rhodium (Rh), iridium
(Ir), copper (Cu), and their alloys formed on and in contact with the first ferromagnetic film, and
a second cobalt alloy ferromagnetic film formed on and in contact with the spacer film and
having a thickness t2 and a magnetization M2, 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 wherein the magnetic moments per unit area (M1
x t1) and (M2 x t2) of the first and second ferromagnetic films, respectively, are different from

one another;
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| ayer magnetic recording layer. Fig. 2 is a schematic. secti onzl 3\/55\980&&
~magnetic recording disk of an enbodi nent of the present invention.

[ R\ LIBU 22085. doc: GW 21 SEP 2004 W0301/737& PCT/ GB01/01180 4 Detail ed
Description ghdf&id r'éy@rﬂfrfgfm)((er oh@nd In édrtds WiRtRSsdchid froRmeREsd filDéf thé ayer
structure of a prior art disk 10 wmth a single |layer Co allFfoy magnetic

r ecor di host laygethdmagiiie redording ldyer haweg s canposstput diferedefyorpi the doroprisgioato £

| east one and eferably both pl an surfaces, of t sybstrate 11 to form
the dat BecBRgKFRYTAREAY BF PADe RS e Rirdk ubll SR 18 be mmde or
any sui taRineagiBdEfilnglandsuch glass, SIS, ceramc, quartz, or an AlMy

all oy base with a NP surface coating. The seed |ayer 12 is an optional

| ayer tQgt'qté@ix/e%@eﬁéﬁqbltn?d&Fﬁ(hQ\&?&éﬁ&ﬁ;l@E%\ﬁﬁ% et he underlayer 13 and thus
t he magnetic properties o?‘ the magnetic layer 14, such as its coercivity.
The seed layer 12 is nost commonly used when the substrate Ilis

nonnetal lic, such | ass., The s | ayer 12 has t hi ess in the range
of approxi nat E?ry a5§¢1819§6§7{ﬁt\a5(§}8giozetg‘ﬁen%lfretﬂjéi ﬁ@\tagfﬁggff so?ktgacmesggt Y P
or N Al refeehedshanR bamatle tontheTellPringrdegiiled doscpiptibis of h eabodiaRsht HRERT itddch
for pronoting the growh of suybsequently deposited layers in certain

pr ef er r EERE) With the reogprpinshig¥RS. The underl ayer 13 is deposited onto the
seed layer, if present, or otherwise directly onto the substrate 11, and is
a nonmagnetic material such as chromumor a chromumalloy, such as CV or
CrTi. Variations in the thiclBrefdeséription ofetelPtasgeg 13 result in changes in
the magnetic characteristics of the magnetic |ayer 15, such as its
coercivity. The underlayer 13 has a thickness in the range of 1 to 100 nm
with a typi caFigvalivesdemmgce agpioaxliview ef ¥ p2or mmaBaétar recdidmgdigowith a gingdd-
the magnetic layer 15,. a . very thin (typically 0.5 to 5 nm Co alloy onset
or nucl BXES HASTEHY &50IgnE BYEY i cal Iy deposited on the underlayer 13. The
nucl eation | ayer 14 has a conposition selected to enhance the gromh of the
hexagonal cl ose-packed (HCP) Co alloy nmagnetic |layer 15 so that its Caxis
is oriented iR& Rds plsairanadic seefonahyiey, of phimagnetic aaqarding 1diskeq! anoemipdirpentzpf
CoCr  al hRYy Wehhin@eronCOMPOsi tion selected so as to make the layer 14
nonferromagnetic or very slightly ferromagnetic. Alternatively, the

nucl eation |layer 14 nmay be a ferromagnetic Co alloy, in which case the

nucl eation layer 14 wll affect the magnetic properties of the nmagnetic

| ayer 15. The Co all oy magnetic recording |ayer 15 nay be a CoPtCrB all oy
with 9 to 25 atomic percent (at.% platinum 10 to 23 at.% chrom um and 2
to 20 at.% boron. If the magnetic layer 15 is CoPtCrB, then the nucleaticn
| ayer 14 may be CoPtCr or CoPtCrB with B less than 6 at. % The nagnetic

| ayer 15 typically has a thickness in the range of 5 to 20 nm The
protective overcoat 16 may be a typical overcoat of essentially anorphous
carbon optionally doped with hydrogen and/or nitrogen. The 21 SEP 2004 WO
01/ 737& PCT/ GB01/ 01180 5
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overcoat is typically less than 15 nmthick. Al of the |ayers dgsqnty y
+above fromthe seed layer 12 to the overcoat 16 can be sputterg“ﬁr@beﬁoo4

continuous process’'in either an in-line sputtering systemor a single disk
system sWhiEB7@omercially avail abl e single di sk systens PaltGBOHII80p| e
sputtering target capacity. The sputter deposition of each of the layers
can be acconplished using standard targets and techni ques known to those in
the field with the nodifications described above. Preferred Enbodi nents The
magneti c recordi ng medi um of the present enbodi mrent has a magnetic

recordi ng |ayer forned O%e%aﬁ%‘écbé‘écr Ltcgnl averne IQQe% ;Layer The host | ayer
conprises at |east two fm#Mange coupl ed

antiferromagnetically (AF) to one another across a nonferromagnetic spacer
film In the prefetriéduentadsnenrt ctdes two:iARaldwykedstfrivktsreofoft heprhost

| ayer haV@rt”BQﬂ@tllonmRnErgl%gwaltayélf Etosblbﬁ_\,aﬁ&.é;x@éth)é eqdabihd 1’3§Qflllt5UdeTrlBJt
are orient ed anltl Yo} tha has substa t| a%l%brfo net

aral | el ay r
magneti c Iliio%es - Re"Ho: fi OSlgf’é FEF° lﬁa Sone’ n nzZero net
nmagnetic %ﬁeﬁ%a%éca%écﬁ °t~h*'ehed|5’r:“P$*‘ét§F? 1| ﬁof%ﬂff“l é’éﬁ i9A§2 tFRSOF i s areas
preci se tdd ckaesises. TAendgretiicstiretoridi ngy teska) caconr ditigpile tdterpeksent

i nventiongjs Qﬂllsﬁ@lft/'sﬂ tc*&@ax@fcoséuai@c@zt I &N a%CﬂﬁHPTaU?oﬁ Rown »h@hFé Hip2,
wher ei n the host a¥er 3 hage p gceﬂ tshean n elton(‘_zlgL Pucl g |onal ee{I 14 of
the priorSHFE% Gt = _Ia_y showh S8H Ffg.7 2 the
recor di ngtd ajerovEstis gdé‘;b‘atlofeﬂ“eohn‘?%éah%"stml B3y, thﬁo@%m}eag/%r 30 i s made
up of twopdperormmgnettihe fadnesi322y84 1deparcat ed iy aceranbery on@igmetsed spacer
film36. {The nonfier xrBgaRidhty SRAE6Hh LR 30pbasta thisckpassangd., su_ch
COITpOSI tion CihOSEI’lF}?é) stegg‘tl ! Qz_e lrEB‘Pasetal %hmm%n% %he ranglc @J g%%‘}ma‘cé

32, 39, respective d t hrough the nonfer I C _spac
film 36 and°aPe "&hPP?)a‘FaP’P@eIOf| Wez@%eraﬁbh e*éfcha‘?gsné“ﬁ nfrlle?’a lA?h yihich

f erromagnetd gnbvrd e B8R, p8¥%rhave tvagmetsefuhmwented abtiesiadfs MY rringridgvr 2
t2, respeetd ¢ebysn Wher@isBqMnr1} eabsh tda214 % rar en a;amegm pRtedyreaqual .
(Because é%%aemggh&m% satfhgnuMerhgyax%eis 2883 cLBCRIRRL | LelONENT

per unit v erronagnetic nmateri a uct |sthe magneti c
monent  pet@¥&ii t Lo PE5S TGy %\Igﬁﬁb?‘@ﬁ o8 Firystl %P“Fhlt&‘l?né’é%stf‘)ateljﬁ t A ;ﬁse?erred
enbodi nentoreaghetgfc rhteerfial roghgrerheorfivhnegr 32ch3pinnsrdglist grbi af 19Vt he
sanme thi ckng|ss taxdadidrs mRdeecothisubsianti eld ynida agane 3f eesaitagnetiatges

material sp.a3 tQave cm@aa@%@ﬁcs Jmﬁeth%n@@g@qta ol 1521s§.%P 2004 WO
01/ 73762 PCT/ (3B01/ 01180 rrent 44 e sentl al 1?( ran ensfatle orlo%ancel

each ot hef°**§3 that T h uﬁ StoT Ay er l%é haghlsuBsfath nét “magnet |
moment . THEBAR EqipRE ﬁ@lé‘f- Fedpe cﬁ?ﬁgh’elt“iaéeﬁ 129871 a a nonf erromagnetic
transition netal spacer filmhas been extensively studied and described in
the |iteraturepetdregenieiudbosikhen @tchangageaupl i ngosg) Id agegs thaam

f erromagne %%Lﬁ@%t b %r Eor(ﬁﬁ}gegtéﬁo"“ én@]elc nGr %Féié“a%%&al%grl 5 J Tshggfﬁ‘%gﬁ?

Thi s osci |'% tory "cou re at 1 onsnhi or selecte nat I, ons
i s descri BERPIBYEPAK }he élg dgitaven Hos 'Jipqel BEFSAE P BXEhargB® BduFPTRY T an e
I\/agnet or eSfFJsﬂtcaHeetq Anidscal Hiec 9Swrér patthieckee:SEpazt Wwlese-r8ok Ry, (HCB/ G° and
Fe/ Gr", Physoy Reyhechetlayex MOl so6thatpits2034xi(s1990)ciedben mat EIlié gllane of the

conbi nat i 9 rI ”Cﬂédﬁuélee%"c%‘}ﬁgg%f Ci4f1hal @QL%CQfalcl‘%y \u%h N Cxr %@gpéﬂ@lgn
al | oys, nonf errona net i c(llsiggcer films

such as rﬁ? @%Fﬁrﬁo Eziu)t" (’EWF rﬁ“ﬁﬂlia(y&f:) P%};ﬁrﬁﬁﬁ“i’ﬁ?}tlcl i dFtin ‘copper
(Cu), andfﬂfé’imﬁglaﬁltlléys BlFpFnagArhlysubhe mEERFAtAPY chivist Nkt imeH, P e osci | | at ory
exchange cetiphbagtiel @ iadhshi pahaschocdse tef enalewdoenifayeot 1 alwieadys denown,

DS aptf SES Al RN LRINEl GeorRer il e i gniadets,
dﬁpg?l,%gn rydse %E@&r‘%ﬁ lov J.Eh 59@%6]‘ I?afrcent

period of © o5l e noAferr dmag netc erial, but
t he strength *anBlyHase dP the 303 Fla’t%ﬁiymc%’ﬁiplzlhgzﬁl &fo 15déﬁecﬁbls 5h e
f erromagnesgretiat eiveal 15and darters,achal ttjuahidlyatildre logad [1hatayr pe CoPtCr

antiferrogrgngtbss GUP!E N8sPfnkerd Qaagnethe faighosi hagydeas. ¢ dﬁﬁ%@ll has a

spi n-val v an netore |st ce (GWR) recording hea esign
conti nuough’rfé(g'ﬁﬁgl segdh ?erro?ragngé]l cally coupled filns whose magnetic

nonents are rigidly coupl ed together antiparallel during operation of the
head. These typRe GfroSpitiveadweecsit U6t ese af @ ydesalr iobefthoat 06 f examptimlliyn US
patents SBﬂ%h%Z{ AforP ?@?@n%@?y dE?Eé Jlxnehﬁrog@%%vgr S$lik UGN e @rﬁe t wo
ferromagnetic films antiferromagnetically coupled across a very th

nonf erromagneti ¢ spacer film such as used in spin-val ve heads and shown in
the host layer 30 structure of Fig. 2, is also called a "synthetic
antiferromagnet”. In the case where the structure has no net magnetic
monent because the nonents from t he | ndi VI dual ferromagneti c filnms cancel,

o o, o o



21- SEP 2004 WO 01/73762 PCT/ GB01/01180 7 domai ns having their rm&eﬁtSEP 2001,.
vessentially randomy oriented in the plane of the film The grains of
“ferromagnei G 7Bichm 32 form magnetic domai ns with nonent orf,@ﬂFﬁ})i/&gio t hat

are antiparallel to the nonment orientations of ferromagnetic tilm t hat

are directly across the AF coupling film36. The type of ferromagnetic

material and the thickness values t1, t2 of the ferromagnetic filnms 32, 34
~are chosen. so that the net nmonent in zero applied field will be

essentially zero. The Mt for the host layer 30 is given by M1 t1-M2 t2

I n the preéeronedienpptiai@ntlesht thdnl 1§houltdible egualoft ohd2yé dEhé:sbamy be

acconpl i gheek BYorShagsdde 1 spre1berd QRBARRE LSt RECEdabs idcthadwp fil ms 32,
.34 and haying t. _be the sang.as t2. .lf differ Qg&iferm{m netic material
conposi ti-ons are G58G°Th The Wb 1 IMis 32, "B "S6 1A ° 1 He “heiyiet Pyt oh
(the nmagrAEETLE mBHPneS permmari i 1y y| are L oflemat eFlicaPigk svstdre vl fekriodagnetic
il s i s spederdnd frereet caphein yt hertehbgkitessepcat eiadpasdaed ataaediaighky.
Wil e Fi gan 3d 8RRl u& R0Stal Y8l t 230 that Wamhh LA SkEUGE WEe st h a
single spacsr, 1}11(1‘1@ LJihe invention is ext egg!bloédeatgvehost | ayer structures
with mul t1pl's Epacer i IHE "Sva nul i pr e Terromaghati'c films. The magnetic
recording layer 25 is deposited directly on the top ferromagnetic film 32,
whi ch al ®eefxirsd dmbblibnepnset or nucl eation |ayer for the magnetic | ayer 25.
Because the host layer 30 is intended to function as a conpensated
synthetic antiferromagnet, the conpesition of the magnetic |ayer_ 25 on top
o "t T 52 e BE R e g R B o in ek B BRRR el Bl
pr ef er r e@2EMFGHI TRERE e LAgnérreed & et =P5°idl AutpPeeeBhbPYy laker t héhe
f err omaghett dafyet remB2ise34atnflehosttwoaferroBlgate catisosati@Peter B al | oy, but
}Ni th ahdie&f&lﬁi’r@@t—c&@mﬁ@gnﬁzhQé‘broﬁa%%etailgﬁlﬁr(ﬁﬁ)_eth>| bk ?Hfﬂ@%%&r%ﬁgm fi gant Iy
ess tha ] net Y, : ternatively, filns : may be a
CoCr all gﬁh%r&gﬁ%%%tg%? Agﬁf%@l e films 32, 34 may have a thickness in the
range of 0.5 to 5 nm The nonferromagnetic spacer film36 in host |ayer 30
is a 0.6 nm RInfHilerprIfrrrRy spaderenti tim tthi dhesspas fehoseh the bestat t he
first antkfer hevagnghttiprakents the aseidubataityatopphibag ihehahionshbp: |t
_ma-y al SOat:\@_&Q%h£@pla§tip%rra§?§lh_sgftk‘]:ar%et)g)l?ltog aafygy:rr%@aggﬁttlagt:ﬂcallll noS%e 34 to
include an interface fi Iqrgwcona sti g%sessen I al 5 nm of at the

'y of O.
interfac& MTN tRERI spalereti My 36°F Tids it ?’[‘33-' R R B ITHETT itFease
t he int ePPERITEr HHRBAtPELHRET the FEEFFOrAYnEt febTideisnande térspecer film
resul ti ngreeisenhiaivdedssawt.i f erromagneti ¢ coupl i ng. However,
antiferromagneti c exchange coupling will occur w thout incorporating the Co
interface fil i . Lc fil 32,..34, . 21 SEP.2004 WO
01/ 73762 P,CT?SB déog?‘/%??sr%%?%“??%{ ?g?g%%ah%% e T M 32 1 s exchange
coupl ed FEPTTirlgHetPEaFI ST THE” MBI TC Payer l?SFléndZMBH%?'ncB%I%@ﬂt
ant i f err éaageli el rpriasethehehonsomof erydrativet Levd Lin G4 therossr tdre spacer
film 36. sWherturheodregoeti.c £d ehdwd rsemedid@curit enhead swiHeChas rleg
magnet ' Z%y&n 2@' fse%ltebgglitgﬁ H QEQShdsQ. S.Qferng@..nelﬁbgt ll‘g¥§£ _3%5is m%e up of
magneti zat 1 of rglo,(‘ae%fteltocn ﬁ%mé @% top Sf| I mt3éBWI | 1" al so”switch because of the
exchange “Coupii ng Wt h° t105% “gr af hs *PTHE fraighét PIUTER" A Fett i*BA°TT t he
bot t om fift-HF 34 -wi THe aP3ErsaeRt Husrresy 41k hantd tetverayredi ¢ coupl i ng
to top fickmpB2tidhibosdre sporreatt sShomabhény BSyenl34 44,1 k4 readincanti paral | el
regardl egs1@d sehesdyagogidczatdion gid aetiapied thReusH ahBSidnRetRpaHRANEL I C

| ayer 25 . h I [ ., The _enhanced thermal stability of the
or ot er r od ostoni L e 88 Bl len T ERT AREPE A RERIRY e Bt e d o ¢
host | ayef 30y IBOnMFar st 3%a X AYT% PAEYHEEC! BONeRY efe 18fF s Mhetndse M

.ani sot r opysedfctinelygr aherseinnMibot:hafd Mrs t32rangpddxaaee by leghant | abdéaause

uni axi al thantbrbhes: 6afnaddacnshr UG byeltsey el the LRGLOBENELG L NPIEQL S Of

films 42, r I | .. The .magnetic vol yne .V of the conposit
structur ém?ﬁnaeso e%g%%g%?t%ﬁénafﬁjéﬁ%él gréet 55? Ifct%ny/\} ' l?ae é“f) rF%)%l‘cn%?mée@ t he
sum of t REXVBIUNEL Ot He ™ ithE tavernet magmereEe Hayer 25 and the
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structure of Fig. 2, is also called a “synthetic antiferxomagnet”. In the
case where the structure has no net magnetic moment because the moments
from the individual ferromagnetic films cancel, the structure can be

called a “compensated” synthetic antiferromagnet.

For this AF-coupled structure of host layer 30 the orientations of
the magnetic moments 42, 44 of adjacent films 32, 34, respectively, are’
aligned antiparallel and thus édd destructively. The arrows 42, 44
represent the moment orientations of individual magnetic domains that are
directly above and below one another across the AF coupling film 36. In
the absence of an applied magnetic field, the bottom ferromagnetic £ilm 34

on underlayer 23 will have a granular structure with individual magnetic



a protective overcoat formed on the. magnetic recording |ayer. 2. Zm\ﬂ'
.of claim1 wherein the first and second ferromagnetic filns are forrred
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t hi ckness. 4. The disk of claim1l wherein the first ferromagnetic fil m of
the host layer includes an interface filmconsisting essentially of cobalt
and being in contact with the spacer film 5. The disk of claim 1l wherein
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The type of ferromagnetic material and the thickness values t,, t: of
the ferromagnetic films 32, 34 are chosen so that the net moment in zero
applied field will be essentially zero. The Mrt for the host layer 30 is
given by Mr; t;-Mr, t». In the preferred embodiment, Mr; t, should be equal
to Mr: t,. This may be accomplished by using the same ferromagnetic
materials in the two films 32, 34 and having t,; be the same as t,. If

/ different ferromagnetic material compositions are used in the two
films 32, 34 so thatlthe magnetization (the magnetic moment per unit
volume of material) of the two ferromagnetic films is made different, then
the thicknesses are adjusted accordingly. While Fig. 2 is shown for a
host layer 30 with two~film structure with a single spacer film, the
invention is extendible to host layer structures with multiple spacer

films and multiple ferromagnetic films,

The magnetic recording layer 25 is deposited directly on the top
ferromagnetic f£ilm 32, which also acts as the onset or nucleation layer
for the magnetic layer 25. Because the host layer 30 is intended to
function as a compensated synthetic antiferromagnet, the composition of
the magnetic layer 25 on top of film 32 must be different from the
composition of film 32. In the preferred embodiment the magnetic layer 25
is a CoPtCrB alloy and the ferromagnetic films 32, 34 of host layer 30 are
also a CoPtCrB alloy, but with a different composition, e.g. B is present
in an amount significantly less than in the magnetic layer 25.
Alternatively, films 32, 34 may be a CoCr alloy or a CoPtCr alloy. The
films 32, 34 may have a thickness in the range of 0.5 to 5 nm. The
nonferromagnetic spacer film 36 in host layer 30 is a 0.6 nm Ru film. The
Ru spacer film thickness was chosen to be at the first antiferromagnetic
peak in the oscillatory coupling relationship. It may also be desirable
for each of the CoPtCrB ferromagnetic films 32, 34 to include an interface
film consisting essentially of 0.5 nm of Co at the interface with the Ru
spacer film 36. These ultra-thin Co films increase the interfacial moment
between the ferromagnetic films and the spacer film, resulting in enhanced
antiferromagnetic coupling. waever, antiferromagnetic exchange coupling
‘will occur without incorporating the Co interface films in the CoPtCrB

ferromagnetic films 32, 34.
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single magnetic layer arises because the anisotropy of the grains in both

films 32 and 34 are substantially uniaxial, and thus can add
constructively even if the magnetic moments of films 42, 44 are
antiparallel. The magnetic volume V of the composite structure that
determines the thermal stability will be approximately the sum of the
volumes of the grains in the magnetic layer 25 and the AF-coupled films 32
and 34. However, the magnetic moment of the composite structure is just
the moment from magnetic layer 25 because the host layer 30 has
essentially no net magnetic moment. The antiferromagnetic coupling
between the two ferrcmagnetic films 32, 34 provides a mechanism to
increase the effective film thickness of the composite structure while
reducing the net Mrt value of the composite structure. Thus the
ferromagnetic films can contain very small diameter grains and maintain
thermal stability.

In an alternative embodiment the two AF-coupled films of the host
layer have magnetic moments that are still oriented antiparallel but are
deliberately different in magnitude so that the host layer has a net
non-zero magnetic moment (Mr;t, not equal to Mr,t,;). One reason for such an
embodiment is that the optimum recording performance level of the
structure may occur at a point where the thickness of the lowex
ferrcomagnetic film in the host layer is not equal to the thickness of the
upper ferromagnetic film. If the same materials are used in both these
films (Mr; = Mr,) then Mrt,; is not equal to Mrpt,. This case may occur if
it 1s necessary to keep the top film of the host layer thin enough that it
does not generate recording noise for the magnetic recording layer, while
it is necessary to make the bottom film of the host layer thick enough to

more streongly develop the desired in-plane C-axis orientation. A second
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thus facilitate thermal decay. In the host layer of the present

Q#ECO 9(“)93365 ad] acent]-Q;rx;ll_'ls itions, and

invention, a transition will be created in the lower ferromagnetic film
which will create a field which opposes this demagnetisation field, and
thus reduce thermal decay. A third reason for the alternative embodiment
is to adjust the signal level or Mrt of the media. It is typical in the
disk drive industry to design the disk according to requested values of
Mrt and coercivity (H.). However, Mrt and H. are correlated. Therefore,
for a given Mrt value, to reach the Hc design point of the media the
conventional approach is to change the process conditions, such as
underlayer thickness.or deposition temperature, which can be deleterious
to the recording properties. With the present invention the Mrt can be
adjusted through a different method, namely changing the relative values
of Mrit; and Mzx:t,.
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having a thickness t1 and a magnetization M1, a nonferromagnetic spacer film of a material
selected from the group consisting of ruthenium (Ru), chromium (Cr), rhodium (Rh), iridium
(Ir), copper (Cu), and their alloys formed on and in contact with the first ferromagnetic film, and
a second cobalt alloy ferromagnetic film formed on and in contact with the spacer film and
having a thickness t2 and a magnetization M2, 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 wherein the magnetic moments per unit area (M1
x t1) and (M2 x t2) of the first and second ferromagnetic films, respectively, are different from
one another;

a magnetic recording layer on and in contact with the second ferromagnetic film of the
host layer, the magnetic recording layer having a composition different from the composition of
the second ferromagnetic film and being ferromagnetically coupled with the second
ferromagnetic film; and

a protective overcoat formed on the magnetic recording layer.

2. Thedisk of claim 1 wherein the first and second ferromagnetic films are formed of the

same material, and wherein tl is different from t2.

3. The disk of claim 1 wherein the first and second ferromagnetic films are formed of

different materials and wherein t1 and t2 are substantially the same thickness.

4. Thedisk of claim 1 wherein the first ferromagnetic film of the host layer includes an

interface film consisting essentially of cobalt and being in contact with the spacer film.

5. The disk of claim 1 wherein the second ferromagnetic film of the host layer includes an

interface film consisting essentially of cobalt and being in contact with the spacer film.

[RALIBUJ22085.doc:GMM



