MAGNETI C RECORDI NG MEDI A W TH ENHANCED WRI TABI LI TY AND
THERVAL STABI LI TY RELATED APPLI CATI ONS [ 0001] The
foll owi ng subject matter is related to U S. Patent
Publ i cati on Nos. 20060024530, 20060269797, 20070064345,
and 20070287031, and to U.S. Patent Nos. 6,777,112,
7,192,664, 6,914,749, and 7,201,977, each of which is
i ncorporated by reference inits entirety and for all
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particular, the invention is directed to methods, systens
and conmponents that allow for inproved witability while

reduci ng defects SRESATPDOVPALICATIGREM mMagnetic
roperties such as unifornmy high anisotropy (Hk) and
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typically in disk form and efforts are continually made
purpoggsthgreile” ai m of i ncreasing the areal recording density,
i.e., bit density or bits/unit area of the magnetic
medi a. Conventional thin-filmtype magnetic nedi a,
wherein a fine-grai ned PACKGROUND I ne nmagnetic al | oy
.layer serves as the active recording |layer, are
L F“‘d@ner ally classified as "longitudinal" or "perpendicular"
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the grains of magnetic terial. Typically,
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__interaction between adjacent ferromagnetic domains is
distritatioe ®@Ped by nonmagnetic areas in between. [0005] A
nyentional 1ongitudinal recording, hard disk-type
2. Re%&&‘%%ﬂl c recording nedium 1 comonly enployed in
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density oFr) bits/unit area of the magnetic media. Conventional thin-film type magnetic media,
wherein a fine-grained polycrystalline magnetic alloy layer serves as the active recording layer,
are generally classified as “longitudinal” or “perpendicular” depending upon the orientation of
the magnetic domains of the grains of magnetic material.

[0004] Typically, recording media are fabricated with polycrystalline CoCr or CoPt-oxide
containing films. Co-rich areas in the polycrystalline film are ferromagnetic while Cr or oxide
rich areas in the film are non-magnetic. Magnetic interaction between adjacent ferromagnetic

domains is attenuated by nonmagnetic areas in between.

[0005] A conventional longitudinal recording, hard disk-type magnetic recording medium



surface thereof a plating |ayer, such as of anorphous
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very high bit densities w thout experiencing the thermnal

stability limt associated with the latter. In

per pendi cul ar magneti c recordi ng nedi a, residual

magnetization is fornmed in a direction ("easy axis")

per pendi cul ar to the surface of the magnetic nedi um
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[0009] Magnetic flux ¢, emanates from the main writing pole of a magnetic transducer head,



in the region below an auxiliary pole of the transducer
head. [0010] Granul ar perpendi cul ar nagnetic recording
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usS Plﬂﬂl%&%nal% Y20968Y49769. h?ﬁ@ﬁﬁﬂoﬂu&{bntd?%uém &1 BRHariedc@h iR re the
each polycrystalline |ayer are of substantially the sane

areal duindithof @sondemstorad imedia. hori zontal direction) 4 and in
o011} ks Efjou' B g it S b e Hofieg g, The
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and the%afae rglagnetlc layer is preferably grown coherently on the interlayer, grains of each
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over the protective overcoat |ayer. The perpendi cul ar
recordi ng nedium may al so conprise a plating |ayer
and/or a seed | ayer as described in the |ongitudina
recordi ng nmedium configuration. The seed | ayer is
preferably adjacent to the magnetically soft underlayer
(SUL) . and preferablﬁlconprlses at | east, one of
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are ant[&'gﬂemiagndtieatlw doupded (ap;@c:")z eus [Pa&ht Nosa7agk etlisalerted t6 masrpdsing a

gr anul ar tic recording |ayer. The magnetic gralns
non- H@En?tﬁespéfﬁﬁt WJ WCF%%EQP@@IU%@FQ P9WFPfFFemte§1PPélﬁb?’§F ange

couplﬁ? %@Wﬁ FAHPLEHe mlofcﬁ'n 4 Hl@dﬁﬁgl'agérk Ra ORIt %tlrﬁﬁgr Qabdiled by
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conprising a material having a relatively
comprises a continuous magnetic recording layer vertically stacked over a “hard” granular

magnetic recording layer. The magnetic grains of the continuous layer are laterally more

strongly exchange coupled while the magnetic grains of the hard granular layer are only weakly



hi gh coercivity or a material that neither magnetizes nor
demagneti zes easily) in certain recording nedi um
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electraifs si;pﬁ)lagg %thepﬁgﬁreftmt’%lf a tﬂl@l&ﬁ%gs & atRus 0y ﬁll&@lﬂﬂ%tlﬁ&ease the

mat er such Fe, an Fe-containing alloy such
hardn% o[ﬁlﬂi%@ubﬁt%snﬂiete{by)p,roﬁémdg aFeBiA¢ surFag@fgm Plishing to provide the

requisga st RVEIEr o (S ey ok, Bpional tehedon favet e netedls SShsige

surfacEe&}pféauyT E@nﬁ@e@tauéfs@ |t]i/antaJBbﬁ‘t 200 ggthﬂﬂﬁ(A)&hféﬁ KayleY B £ BHeta¥ or a metal
onpri ses an about 50 to about 300 A thick |ayer or

alloy maVémlssush andh-2 Tiegsest dlloymlit.ar Tabgssy allqh & entaels- h@seﬂ aewmck
10015}, Tht 53 Bl hER NI O oM PRt RER TR B0, Bl

layer &ﬂ"tﬁsdfﬁ@ﬁ]g{dtl@ ahdratidd sticth RENiPEB d[Fes; wh &e-coh@i@f dhing duay 8¢ NiFe
resent, a seed Ia er adjacent the SUL ng¥zaép|cal
ora

Wh
(Permiaﬂgsguﬁ@f FaSedls FediddN. abrrontpotngalioy wieh pa (a7
Co—lfga{:cﬁ{t aﬁ8§ cﬁlsas%bP%kh@y @JFeqdeﬁl(ﬁg anfFeC8E. THe LIQ@E{RIV@E/ thin

anor p I ne-grai ned ‘mater| 'such as Ta,
interldger: aacanypchﬂj\lcoﬁEpM{es an aBou@50 td hieowaB00 dathick la)yfee or layers of non-

nagnetlcall hard perpendi cul ar yecording_ | aye
magneeippigiipl(s) ﬁ?ﬁpwreglé&eréfacgﬁn Bt feetaae IHBBUET DEaTHBR i eNal. such

as Ru! rﬁ@rﬁt?/to@} [7,7@ PRSEYCEEIFRYLS) ad&%&%h%b ﬂ&éﬁ&?caﬁgl hmrﬁrpl:endlcular

el ements selected from the consi Stin
recordiiag laper, Wilien pRtsent\a s@d, lafR, adjﬁp¢nt£t§1q SOL nwy tb(b],calﬁel,ncmde aneks than

Pd. <6 16 he conyv ent | onal di a.types, descri bed
sbour 1 Aok efn e sig smish 8 IS e S By S R, 0P
amorBhLPEINGC shla e d MRA ] asﬁlGh H@T@ Tgercta i, 2ed, Tigw, SeMer.alhe at least

decades in the conputer dustry Durlng this i nterval,

one H@gmqﬁ@ﬁlémh@d@ﬁ@eg@lbulgy@peﬁﬁmg layris picalnsemptead Haadgout 10 to
about %9 A nﬁ"l & 'layer(s) of Co-based alloy(s) including one or more elements selected from

the group consisting of Cr, Fe, Ta, Ni, Mo, Pt, W, Cr, Ru, Ti, Si, O, V, Nb, Ge, B, and Pd.



and nedi a, have been repeatedly optimzed in order to
operate efficiently within conputer environnents.
However, it is a common current belief that |ongitudina
recording is reaching the end of its lifetine as an

i ndustry standard in conputer applications owing to

F éSIca| limts which effectively prevent further
[0016 i theqoaventionalanedia kpgs G‘Fsﬁﬂb?jje%"?’)}on?@@ln?ﬂl media are more

devel(?}%ﬁ’?ﬁd?l e‘flzén@fcufﬁ'f' %eﬁm A Ha€ b NG 1 BR RS seb@éﬂedeE s ‘fi‘ﬁ: ﬁl@ computer

["ongi t media I n many conputer-related recording
industappDigag thinisteaved, coorptonpute ahd al‘tmwemsn suchewaradsducer heads, channels,

ever-increasin real. . r densi t ] es far ond the
and AL PoR B PR BT B SPGB R e SR L
envirdHRttng. 3slydveE Of idiaRBninREhRleRONE fed tHafRoh g &l ihal F83684iAR &reaching the

than all facets of | ongi tudi nal nedia and recording
end of igclifrime gy an Sskustiry Etelacldr@' n mpvtftrrﬂ@pwa@@m owtggo phyiticad flimits

cul ar recor .ec ogy, i ncl udi ng

whierRERBTY BI¥ Rl TR atrPare! e B Sr R g oIS e 51 o) o
[0017F OPBbeidtvaday®h apete afhdr RRidi Fivzadplhdsanoh f1edel FRARAN Ghihg

conmponent of longitudinal recording technology. As a
compgiEaebreeerdingrapPladtings aRd eenfEye Wict ROYSERGHE IV PYd-IpggRsing areal
recordiider ek Ao e LIS oFLch Bl met £ o g HEh ABbiar
mediad@dsedoydipg nq@ﬁndlbgjuisaléssrveﬂbdejzlemedrﬂﬂn allrfeqpn sfdogg@tudinal media and

control and bal n e of veral magnetic properties
recorqing 1eGR ARy RPgHT %ﬂﬁﬂ@ru% hgpdiaighy H%Belgr?élﬁlg@e{e iy lpgnagnetic
recordih %{%ﬁﬂ&lé( %?ﬁ ﬂg:lucﬁﬁ)g@ﬁ{sﬁ@éelr 'hEé/dsV\an@laaaﬂa' Igébr&{ng Q:h%melsh ?sqgss

| ow enoughi 'swtching field to enable witability by th
compleedddevieltped ahd eptchang dlaodhqamrregp(brmimgcrwm;gmentmf damgltughml

mal | correlation | ength betwee .
recor B P WRIO G he GAISERETGH oot Hien Toah R & P FBRCISHt Blfegind

systerhd @ik A-di Serpridbhit o, 168 RMinaR R dBrAH RydOn8radd diftidilf raBdeky/
of magnetic propertles sufficient to maintain therna

[0018%+t High dmylthp@rpmdmmrzrecmg QPGS carref@bemtwé amféh@mcy of

severa"i %]a.tglne Lflcegsrohgr{llf:g] 1%rc 1ng fl:nsoug Cr%%ost?or to en%‘[ﬁ ﬁle%all tzi?blhty and
graln ures al n € nhurrper Or hmagne

comp@dilityGli€tSa high arddidnt Abadd I(Svll Bhdidh svadchig fisiddol édfiblg rv&itﬁ]blhty by the
structures are nore sensitive to non-uniformties such as
head; faspralogxchpigevarpling lowsengpghiomyntaimgnalheryrelatiogdenady between
magn@t%&ég Igp&%%%{es%tﬁ%{n gg%vw 01 gl% Iﬂaltntll%{ gﬁllrré\% gt&gl:lluh gF:fedl'q{itnbutlon
(SFDnesdi gtaim- tohgaﬁr unifonmnita ofmﬂgﬁetmm }Irhpdrmfsr sovfdentrto trabithin theraab
fewer defects for narrower SFD and inproved uniformty
stabiligy a Ti@ﬁ%@??égr -[0020] Sone current perpendicul ar
[0019]7 eaQrioRfn @Q{sﬁ? CORERYs & MeRREdiNgndRYEFy toAING et
or nore nagnetlc l'ayers to opt|n1ze magne |c
structlpax BB higragn thlémurrérzaafbmggrtdﬁc Pattictets in 7 bmza 8igailad esloe i Br:mllar grain

bot t t |
e S SO STTEA S P Mk BB, SEIPEALL RN, B 85,

also réybi@ iRl biBotRYyGS MaRe8inftRdrmlaPWalbigy;, and a@vér@él& laﬂfeéiin%hmﬁhblhty
Therefore, there is a need in the art for a media with improved writability and fewer defects for
narrower SFD and improved uniformity of properties.

[0020] Some current perpendicular recording media employ a recording layer including three



concentration for high anisotropy. Oher |ayers (for
exanpl e, upper magnetic |layers) may have | ower oxide and
Pt concentrations, and may contain other elenents, e.qg.,
B so as to tune exchange coupling, reduce SFD, and

i mprove witability. See US Publication No. 20070064345.
However, elenents such as Pt and B can al so i ntroduce

or mogr¢eratlay BaRetsdaxarn GG IFaIReRticPAfaResFS. Heigramwle US Patent

7,192 4Bk LeLHbEYa Afst Bf Q&Rﬁﬁ hﬁgnédéquéi‘%vlﬁm SRR hd @b, LI,
reduction of SFD, th arrow ng of netic transitions,

25(Ti@pd 1t that 1n¢fpd€ts\aetianfh/thlg}ﬂ oxigd ivalusiegreatentage ffioilow Hext dnd a(fSi‘xR) hlgh Pt

US Publication No. 600245 In view of
conce GpiaPh G ERBPEoRi Qe BT CF SHUBE TS Ry Bqoyers) may have
lowerroﬁﬁféraQHWCMh@atlon@ nldirkdy) @nkain BREPERRERN] 25, B&E QE & Rge

nmedi a, and systemtechnol ogy which are designed t

exchaﬁgmmllipbhalrb@%rsﬂa ded inprarg @’I’l@fbﬂhi@n of¢ US C@tmnfl‘é(i’ rARAE064345.

d I di
Howe S RGENE AL ERRE oo SERE BB Een BT BT afan

degracﬂbhﬁﬁfdiﬂiﬁy%ﬂéﬁfp@ftle@ KGN BEBisdAY yalmﬁal@iﬁarﬂﬁ@eaﬁctmaﬂ@m ﬁd:
wi th existing magnetic recordl ng |layer structures in
narrovging f magnetigyFangBions.iang g impyovgians of wadigistgal- el 1gtig SNR).
ni f orm magnetic properties such as
us Plﬁﬁlc%tgorn?ﬂﬁ&ajh g@;?l és)lot ropy (Hk) and narrow sw tching
[0021Fi & ‘deﬂloﬁt}’[d ﬂotdgbﬁfg {hSkexistEnbledi medtfsr iafproved recording intaalia,
.are directed to gneti.c recording nedia that c
particylgely QB@%%FIH%@F@G}%@?%&PS.Sﬁﬁerﬁé%ﬁ haology wgi¢h Ae Hegiened to
funcib EEB DG L TR pHTE] ﬁ*&ﬁ?ﬁf@%ﬁ@%@ﬁ%ﬁ%ﬁ%ﬁgb FrpEdls ¢
convenggod dicnglifgeRp amddydem§.0023] One enbodi nent is directed
to a magnetic recordi ng nmedi um conprising: a first
magneti c recording | ayer conprising one or nore granul ar
magneti c | ayers, wherei ngUMMARYSt nagnetic recording
| ayer has an anisotropy field of about 10 kCe or nore
[0022] t Asgects dlgrtlosﬁré@n@m @an VSO sagerplagreblens agd §1§a¢‘@mag¢e@lsso@ated
with et)il{]srfl(r)lugj-lﬂao Hft:tlcar%coa d1 qr e’r st adr/e(s) in OI%E:ratr(])l‘{lrnagovea\{l]r(%té 1lit 8116 rerc]ﬂucmg
recor & r)] a second netic rec&gl ng
defectk 3y @ toCEbIh indré gm@(b’lﬁl ﬁhﬁgﬁHBﬂ'c ropedtidsi swoalgsummgt high haetSpy (Hy)
wherein this second magnetic recording | ayer has a | ower
and ngyqve s igpye flﬁlﬁéh%ﬂblﬁm (SRBY- Embpﬁl@@r&%ftthwgﬁetqn&re directed to

magn%tﬁ:crg (gh g dﬁ&ﬂg{hﬁ{ &Iﬁ' clﬁ&é: g H[H?zﬂﬁ rE&qr{h‘ﬁg ‘Pﬁq?ﬁd“ godr%?t}ﬂgﬁl]gll Ifécordmg

err to throug OUt
media; dBonetehteacll récotdieg mﬁha bit patatrhertlimadia, fiter nidich)z[.) or hreegaedisted magnetic

recor(g&%m&ﬁ | a er) and a vertical exchange coupling (or

"exchange tuning layer" between the

[0023! I DRk eﬁBQ@%ﬁPR%M@% h abRGRNEHESHink Qﬁ(&ﬁlﬁn cg&ghﬁhgbi Hrst
exchange tuning | ayer “conprises-at | east

magngrcanmrdmgllay;ce comansingped ermbteygranie rexanitia beetsuwhergin this first
magnetic recording layer has an anisotropy field of about 10 kOe or more (this first magnetic
recording layer is also referred to throughout as a “hard,” and/or “granular” and/or “bottom”
magnetic recording layer); a second magnetic recording layer comprising one or more
continuous magnetic layers, wherein this second magnetic recording layer has a lower anisotropy

field than that of the first magnetic recording layer (this second magnetic recording layer is



| ayer conprises one or nore nmagnetic layers. Preferably,
the overall magnetic recording nediumexhibits a
coercivity of about 3-7 kCe. In one enbodi nent, the
second (soft/sem - soft/sem -hard) magnetic recording

| ayer conprises a granular |ayer proximte to the higher

ani sotropy |ayer bel ow, .and a_continuous |ayer above the,
SCCOIld continuous’ or

referriﬂ trilvioye CI’”é%FlthefbraeF%fF -abP§i-Pffe” SepbRd,
f re
o GSBEISES BT b DRl A
“exchaggeguting lefyer”sbet'(vémrtm flnsﬂtgndets@c@nd e(mngn@tlcngccbrdylgrlayers Preferably, the
Prefera , the .second net C . .recor | ayer has
exchaee WBEdY FPBPE DR RS GRT2 N KB COR TR BeSRanges unine
layer édi!ﬁ‘;br[kgs bRY & mBlegh&Indhé YayERMPLd 8R51yC QQQJ'VEraHQn&g?@ﬁJ: Fechdify

plati num boron, Tuthenium chromum tantalum a
medivne ey ittad ¢qpr<at/1®:s ef q&@@k%d kKOs gn onaembpdimeng rﬁhem@p@l@ (saftiyemi-
soft/ se&l%;aécti)ztB%nftlﬁ ée(c?r%% {aé(gr (@g@rge%ﬁgganglgak rcﬁr)o?ngate Ld the higher
anisotésPYIhNRbERRS ahd e ceRinuoliRyex e gr gramjmga_teay ereféraylyb@e second

magneti ¢ or may have a | ow magnetization or be
(soft/seBy-spiygeat-hard) magnesicapgofding fayepsiaRg BlatinHn KBY kg &pwer

[ I t r
concefiRRI GF o WRCHLE o ELhic fbofind BRE pRAEraBly, Mfifoond
magnamgstdrdn@ layzl g arlarbéti@pg Sictdsfmboad® 2 kO@e40 angstrons,
bout -80 angstrons, about 10-25 str or bout

[0024] & Vhi st an R e T prearabl lysp@psatoRR T ore ﬁﬁ‘@ Ay 2ting. boron.
ruthetﬁtMPi) cHRbmARe ltﬁntglutlno Qhe Lty cl@%‘atckétp@lcﬁ%at%mﬂ/ G oxi8@E, a non-

about 0-300 emu/cc. Preterably, the exchange tuning [ayer
magnétg C(vveaidb;Rmag%e@md@ glanuilapmafealah Klog'ré R has (TaOmagn €0 20Ru,-

. roment of out 200 ess 0025] Anot her
oS o A O AL o0t B\ RAR L T 176 TSRPEre piggy have a
low n{agﬁlétf‘zﬁﬁoﬁ&rﬁd KAl ma&RUB! PRYeRBE VEE réxélﬂﬁgé un$ie 1BRG SBHHREL
magnetic recordi ng | ayers, or nethods for reducing such
granulag pajesial o UGSt oy orm@ﬁ@rmlay laygrsranddraglia tlgjclneds eabout 0.1-100
angstr%ccor dl [‘9 SP gbOdl tt% éfa)fantgh%ﬁlf)%’“éggltltl 19%0 h%%tr?ms IT% teIO—25

MAtC ut| as conp

angstioBM] wab%t 5 ms@mh amga préfafiblegsatu@ytesn. m@ﬁu@afmctwaﬁ abogit 0-100
directed to a nethod for reducing the SFD of a recordin

emu/credhiogid B3¢ hepwaecr agowd-ainwge Pighirdyy thy exchange tuning layer is
|

weak GG RUGEAR s pRORIEMIS EILUT G0 f Pl oo SERGAL TP

[0025]3 efAnetinr abbadimbntds directdd tocm exbiednge emiadbyer thatedunds Oerbical

ade grea than a nmediumw th no exchang upi ng
Coupltng stweep %1 wﬂsrﬁe%dowgnetlﬁ €5G0EUBE YR %@Ffﬁ & 5rdgFing such
VCI‘th&lQOg i P'f@fé}a‘-‘bl%fa rEéUrghng Y&Rnth %Eho%hg o\ &ﬁb@dlm%ntrs SFBREAlention
coercivity of out 1-7000 Oe, about™1-5000 Ce, about
hasa&nﬂﬁm@wﬁépngbomwhsﬁbmxﬁaﬁﬁD)@scmapmuduB@@@dﬂmﬂwuﬁmoeadmmga
4000- 5000 or t 4000- 450 00 t
tuning IR RS °§1“H? éec?tetd o3 ‘Pr%g%dogeé‘?"[“ﬁﬁ‘#l};‘%ﬁgﬁ Oqﬁde"é)rdmg
mediviRBP BttoelutiBE QR @ké]ﬁngé@ﬂiﬂgqhyetrh erdfBhPgda fRBRMh SBGium according to

depositing a sof %netlc under | ayer $SUL) on a
embodigisstsrattles invention has a bit error rate (BER) gain of between about 0.3 and 1, or

between about 0.3 and 0.5 decade greater than a medium with no exchange tuning layer.

[0026] Preferably, the recording medium according to embodiments of this invention exhibits a



depositing a first magnetic recording |ayer having an

ani sotropy field of about 10 kCe or nore over the SUL
wherein said first nagnetic recording |ayer conprises one
or nore granular nagnetic |ayers; depositing an exchange
tuning |l ayer over the first nagnetic Iayer mherein the
exchange tuni ng as a

remangpiAeFHE %@%hﬁﬁ@%@g abouf %39,@0 Qﬁeabob]P hAQ@%P%@&J@Hb%QO@ 5000
Oe, aﬁo%ygéoo m@@r&%ﬁam@ s@oéefe%qbamro@b isgof®eRr ding | ayer

having an ani’'sotropy fiel Is [ower that of the
[00271 i Asbthaegnkddimentse direlitedytol aatyletﬂlocb\bﬁmamhfectamngl amgenttimiengding

N , in. d t
g GRS ToaRERR TRIBrBe hUFDy NP1 375 B

deposﬁ%%rﬂsmg%ﬁhb ‘?edo?(ﬁﬁ’g thiyBShdvayedn zﬁﬁls%tl%? #idistabemy1 F k@ & more
about 15 We or | ess, or of about E kCe or | ess.

over thoBY8] whprgirhard féwbmdgmﬁélﬁtrec‘rogdlng layet eempiases on@phmdre\/m@méarn
f
magnt iy S8 BTy M EROREInEbe Py o FRE R e e
exchahgiiuAhgl1@yehas a [HEA8]s dimbﬁt&y 1@0@@@&6@@&@ &rﬂpm@ghﬂ@as& ®né
magneti ¢ recordi ng medi um manufactured by the nethod
granulag BBLEtisd2Yes: Bidslsapttng 3 seeond megneficeiseerding Iprodeyingen episotropy

field tﬁE’f‘iQ Pd\x%‘? ‘ﬁ’ia% oﬁﬁl@ fges C&g%%ﬂ@ ?ec8fd&é“ﬁﬁé¢b‘él%ﬂhe%?clgaﬁg }Eﬁﬁ%@%&h

wheremasaldn &cobd/ mgﬁetfcrlmyertcbn@ndﬁm|optno®mcommuawnb@ehe axerymsd
fromthe practice of the invention. BRI EF DESCRI PTI ON OF
Prefergply. b cegoed magnstq reepiginedayerdiy al AninToRy i det 2haHt bakQeenless.

OrofggL{lig?ggrkggckness swi tch ani sotropy values, and
vertic coupl i ng between hard and soft |ayers of a

[0028hagneﬂlﬁnemb@bmdntng diredéditm a hOMBQR whEfeguingre2side piiecth'skrm@ of the

netic recordin ri sing a
exchagfaBRInEa e BrtsT O A G e E R Moo} Treng ey St Hyer.
[0029F ORh8ihB} &b ERAEMUT tFBQT toG0Rh SHdHt (& oR@th @ WietiRi mm%&hféa by the

recording |ayers conprising B or Pt and above a hard

Hwﬂmﬁﬁgﬁ@ﬁﬂ@tﬁé@@ﬁ@ﬁﬁgmﬂéy@rmeﬁém»hard nagnetlc recordi ng
[0030La§ r efe% s%kr)lld%dg%n%zlhgtelts oF ﬁl% 1{(1)\\/6%10% 1 € seE orth ay Bhit i SthL
n su s car opcoat nay depos

descripN &, vitiéh foﬁﬂ@% inddn e rﬁa}h&f b tiayetiorh I’ﬂhl@ ﬂéstcﬁpﬂon or may be learned
enbodi nents. Preferably, |ubricant topcoat |ayer,

from the grastighPhthe HHERIN-ng per fl uoropol yether, is further
deposited over the carbon topcoat. 10 [0033] Figure 3

shows results of nedi a

wi th versus WI ]8 %%&qup@ gst(?lgﬁgﬁg@m%e t uni ng
[0031] aFurdEthvRanhé hrerbaldh t@ﬂdees@bft/wfeammslafe&d seftth hdkdropy values,

magnetic. recording |a K rs according to one enbodi nent.

and Vf[rt;e%&]aunﬂi@heéwepn frlayesppha B R [ECafing ragddum.

[0032]'\'I F@‘HH:Q &ep]rg}s fnd ahﬁ&hﬁféﬁmgfﬁaéﬂéﬂb B&ording medium comprising a stack
of layers including an exchange tuning layer containing CoCrRuTiO, or CoCrRuSiO, below top
magnetic recording layers comprising B or Pt and above a hard magnetic recording layer. The
hard magnetic recording layer is preferably positioned over an interlayer, SUL and substrate. A
carbon topcoat may also be deposited over the recording media hard layer in certain
embodiments. Preferably, lubricant topcoat layer, preferably containing perfluoropolyether, is

further deposited over the carbon topcoat.

10



| ayer between the hard and soft/sem -soft/sem -hard

magneti c recording | ayers, according to one enbodi nent

of this invention. [0035] Figure 5 shows HCR, HNR, and

MRT responses as a function of an exchange tuning |ayer

conprising CoCr RUTi 2. [0036] Figure 6 shows nornalized

BER r onses as a _function of an exchange tunjng | aye
[0033¢ Oﬁlpgf'lr MPWEdes s P ep X-raydatiractipg spestra of Risde withy .V%I}%uwtwt als
angstﬂoﬂm"ﬁ@b Efbhraﬁgeoﬁlmn%Qaﬁ AbRvelf @l%rlga.'r@ Ond Qfl/ ﬁ%‘u&%ﬁ%@ﬂﬁ hard magnetic

description can be used. [0038] Figure 8 | ustrates
ramnhmgpgmmhcanmﬁgMmﬂﬂwnmanMnmf formng a recordlng medi a

[0034 % GFJ}%(%; gﬂogﬁg R é’Vl ﬂ]&lvtg@?og%ﬂé)gTAl L%elg_(ébﬁnge tuning

layer Bat&E&SThE %ﬁfd%fn@%oﬁtﬁ&@mﬁ QX /Qed i - 1529@ Céh&tﬁ,bﬂel:érﬂiﬁ 2Qhyed, @Bcording to one
anlsotropy annetIC Iayers structure Conprlses at

eﬁmo@éﬁ@toﬁhélﬁﬁmaphvely hlgh anlsotropy Iayer and at | east

0035 Eh e ANTEH' AR TR Rl BOBBETAL e wnn

myxédm%?§hg¢bcﬂaﬂkogmn from nodel i ng and ot her applications,
as_hi gh energy}groduct magneti c materials, that
[0036Y, e Figurs G phozysi nosmpkizsgd re@pomssgxé& sfugctomef 4n exchinasgening layer
w ani sotropy "soft" layers can significantly
com@ﬁ%ﬁ%%@é% righ el d needed to switch or "wite" the hard
[0037] ay@nram sHoevsrmimit diivd ingvticlglecthignrgmbdis hedvirding yo thielpneest
nost -al | typically used in hard layers Iimt the
de““ﬁﬂ@%ﬁ@r gf a layer to bel ow 30 kOe (Kkil o-Cersteds),
n
[""3830%2?‘8 P T R PR % R g D 5 Q8 R hecording
to the prassttdespiption. al | | ayers be relatively high, to be
conpatible with recordi ng heads and to naintain thernal
stability. Thus, the soft |ayer(s) enployed in the prior
art in such AFC magnetic recording | ayers have been
limted to rel ati vgjprAflBp'FYSERIPRKHRG rel atively high
ani sotropy (in other words, the "soft"” layers are, in
[0039¢ sEreimege Caphid @ofpositofECEamcrdsaudtirdsean iraprovothet\hléﬁability of high

amsot{roiygtfné%\{l% g@glta% tAaI}n]lﬁéet ¢ 0?% as()fgp?g S %tg?ars%) tltV%]é h"ighozgr}i;otropy
layer ?M'l?h@%ﬂ&%@éﬁarﬁﬁﬁro@? 1Rk %fé'hrh@éjvéﬁfzzﬁlycéx@ﬂéﬂ fg)é -ddugled through the

However, this arrangenent - nmad strongly
mterfaﬁé rbpmﬁ&n Ithe leperp! Iatds kizaven Bl Bedaling apé pther applmml@ﬁ fueh as hlgh
i ncreased, and, i

energ%groduct m%é/n(e{lc m etrla ha?@é/rythrlﬁ amso?r SOPY hléarr }a ers sgrongglpl eXc ange—

rease resu

couplédatodswraaasedpwsofta lDay|etsI dan s@nﬂh’d’aﬁtlj/ r@moavaqetftwd hedded acdvwieh or
et ween "soft | ayers of five different thicknesses

erte(”tﬂ@ft D ayer wmla ﬁanrsalﬁmg haghithsynal sbaHY s Borsps mashio-phloys
typlca‘ﬁy%ged in hard layers limit the anisotropy of a layer to below 30 kOe (kilo-Oersteds), and
in many commonly employed Co-alloys to below about 20 kOe. Further, it is desirable that the
average anisotropy of all layers be relatively high, to be compatible with recording heads and to
maintain thermal stability. Thus, the soft layer(s) employed in the prior art in such AFC
magnetic recording layers have been limited to relatively thin layers having relatively high
anisotropy (in other words, the “soft” layers are, in essence, “semi-soft” or “semi-hard” because

of their relatively high anisotropy as compared to typical “soft” layers), so that the average
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the anisotropy field (Hk). The saturation magneti zation
(Ms) is maintained at 700 enu/cc for each of the "soft"
| ayers in this experinment. [0041] The progressively

thi nner soft |ayers are shown as having respectively

i ncreased switch anisotropies and thus decreasing the
witability of the recordln% system. At the sane tine,

anisotenyt A4 §hq ?qngl,bla?d Byeracen bapamdeibiutecieyt ek seni - hard

[00405 ai‘l%%vérsthllsr@f &gelpcl Iﬂac‘ieelg}’&ft @A gl We}tﬂ%u %@ﬁjlécpﬁ'z{rd and soft layers
coupl i betmee the |ayers. % mn I n % ,

in Whmbtthemésbftv dayei’ s ahisctoepyl ik [rgrealsercbznglt ks thfcknessrdmrmmd \rekulgng in a thin

b SR B 35 S P B Eob BSTcn ot

layersrlﬁrfﬁfg‘?ﬁf?ér&t thi@ﬁl@ésﬁ‘é&s(b&gze@@ 1 @ht zt}ﬁlrS #h) ﬁﬂ'@siﬁtdhadn%%opy (stmh) over
i ncreases. [0042] The dependence of the coerC|V|tg

the anysetropy Belddblup | Thegpatusatipnonagictixatising Yo hisnarinteigd etl7 00gmy/pe for

meinowal | de-pinning at the soft/hard layers interface.
emm‘%%giﬁpﬁmgngﬁlﬁig Fepfgﬁglict the dependence of renanent

[0041F OFhE Fl\blgfe)ésﬁ/élly tﬁ%ér&bftﬂ@yeﬁ &t dhowmay/RivinCidbpec@iely increased switch
i nterl ayer exchange) coupling (lines of thlcknesses from

anisotyopag st aid by degrecasin® deayrifapilithef the geereding aysteae At BSSRBE filey
i, cal
writat ey N et AR B Lo THER TR0 Bod BPE LB fn e
VCI‘thﬁlQ:Odplﬁlfgeﬂiﬁﬁ‘Wéeﬂ the tdgiemss A odhotvinen Feqfrd 1, c([ﬁlﬁ[a) vemigaedbupling strength
recordin (see the | egend on the ). Fr.om

for mﬁl@&@e‘wﬁ% qn?artcsﬁleﬁfeva@@é iaT e S‘Pﬁt/ﬁ‘f%l?ﬁrg i?a% jpqigppy gnd

thlckrﬁg‘('ftsoﬂ, Gk alredid ﬁa%()ﬁﬁtéers)\/@éc%%n fas eRh& ot ltlﬁ‘)é@ alGQURLIeRG s f or
erent thicknesses of ft magnetic recording
[0042] aYbe dependertchio$ thexcanmpiaty cmi"mrtecaﬂ heudiogtis 4 egreplek ph&rommnon caused

by the, c]r}éraﬁuil W@ﬂ%%t%él?rﬁg%? gtl,thee §{}Iﬂg${géax%g§e {ggr%/aﬁ%%/ﬂﬂeg}tl%eé o?tFlgure 1 depict the

depen@OREGF YdrhahehBcset@@dY lo¥ sWRLKThRKBRY oftveRichOWr Mﬁér}h‘?yeﬁéxchan e)
larger interlayer exchange val ues (coupling). Therefore

coupling (hpasedt Helinesses feppe fnrm go ﬁ@e@slabqled wrthe tagped. g’ol‘Otwer coercivity is
typlcaﬁa%gselfeldcfalr g?mer SIB rr?a#r:llétlc Rcbh ing }Br] B hrllc%k ¥1e erer& hnfes in Flgure 1

ure
corresbblhdltoscﬁffbrehﬁﬂ/lﬁiknéécs@f t}&X&HW’ eop} ﬂﬁ@griétlﬁ lﬂ&doi’thﬁg ldyay@ée ih8 legend on
gure 1), coercivity achieves a mninumat a |ow val ue

the pletﬁ E@m Fiesre bdm:ﬁnu begeen ﬁlilat the gnigigaum coergivgy ew}neV[:@) lzdifferent
Values\’\@ifinéyﬁ o} é&ﬂ)?ﬁlé for\éﬁtr @bk h@éﬁq&%‘%@ O ﬁlﬁgﬁét QQC(%@dm g layer. In

I nt er nedi at etween t and t
this e;am;ﬂmtw}mptythﬁagfn édyiec 1sr5emmrthich,ghd:rayemcs"rni‘mraunmﬁgnﬁtwuy value at a
recordi ng medium_ vertical coupling could be adjusted t
SPCleEdHFeé]\?ééerc%F]ilar?éF velger Ryt VRS, CoPECIy o kATeAeNY H@%@&F%&ﬂ loygvalue at
larger IHEI‘IQ_};C? S£Han gé"Vﬁﬁ‘és' @Qulﬁfﬁgp F R Soft, Y8 iftbGRldiR Patﬂlélnlg ®ecessary for
coupling tunfng Tlayer (Fexchange’tuning layer”) that is
thick jafsmngrestic bzetevse emchtahehfai ninghwk lgre Oh&neaxmaybrdeambdtlh &igire 1. On

e ot TR dce Hip 1B 05 pmPlec Bk o ekl G gty <Sefivit

achievB8 dirfininli@ a€X (HR0H8e bEVErAehl kavangRieherA, Y £oeRfF). ses one
or nmore granular and magnetic |ayers. The exchange

[0043] uHKiwag shepyisinghndipeoasted thii dyehgiaeeringean/ipfegmediate laves hetyfeen the

hard atna%he lower anisotropy magnetic recording layers of a magnetic recording medium,

vertical coupling could be adjusted to achieve optimal coercivity.
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magnetic grains while maintaining their relatively small
actual physical nmagnetic cluster size throughout the
magneti ¢ recordi ng stack. The exchange tuning | ayer
therefore increases the thermal stability of the
recording | ayer stack by optim zing the coupling strength
tween the ferromagnetic |layer pairs. The preferably

[0044b r Qﬁa Fabodisient @f tBe ProRentdeREAY EOMBiRieA G VieHiFal e%ﬂﬂ%%e C&PP%Wstumng

layer E B af %‘é: H%Gia§é1m)' R4k ik ﬁ%@ﬂ’cedt %t@@en&ﬁ@‘ﬁﬂe&’s\f %fle hhe 155@} dnd the at
magnetTc recording layer which preferably conprises at

least dreasft @ne-sgftans¢rar hard@m@r tociml pagrer or eﬁlﬁﬂ%]wﬁhlahgxmacrtgémg and/or

soring S0 LESELACC0r 00, L9 SDRT Cont ROl B Sol Mg
magn@ti&f h{&e nTheS&Ic‘héﬁg%%mhgllé%/em%Eés%é @ﬁ&fﬁ% REIUNRYS&TSCIRSE fe
function of the exchange tuning | ayer's thickness.

magnepjct grains whills man@tammgktbelb mmdfebysmﬂb@mal phywi¢al atsighetiocleser size

througﬁ]ga{e é ! essgtgc rae?wg ng stagcﬁ<d e v\ﬁé(ﬁhatnﬁ zﬁnugrlgyeﬁgﬂfg foF]e 1r1]1§reases the
thermbIWRdbilgry loR YIRS re€@ i@ aflyelr BRckBY dp@Rtking the coupling strength between the
soft/sem -soft/sem -hard nagnetic recording |ayers, the
ferronaggngiilayeipairs e iThe greherplly gamlagmagse olothergkehan petupig laysigso
allowwr}r%st %Qhﬁ}%e Eg Wgﬁ%ﬁ%ﬁ?\?g r?tll&rslhlg ﬁ%ﬂgg%a? %& &?E@Hﬂ@la&& which
preferghbityebaipiiess dt leabtbretgaatudar rhagnbec rageiuced and reach an

ptjimal point for significantly ipproving witability
[0045&%@@@%%&%111% IO Beo9B i eFMBRSHINE B oh By CYe ioeppiitizes

coupl&?'b@%ﬁ%ﬁ?hﬁrﬁ%m@ >§&fl't]/§é}giesotff/{é|nﬂgla¥@bfﬁgnétig r&!b?dlﬂg 'lsﬂksrsojs a

I Sol ating the tow magnetic recording Fayers

functipis of ticienchdpgt weere e’ sthiphetssc Widoor diishgng ﬂoaw@ognd by theory,
ses th ructure of a m

writatf QR Pk e g Vet a” A ctipest s SptasBe TR LD iqid:o pigen there

is no &TRNAkathihE HTeALIREALHE %awdnﬁ%ftn@ﬁdsm/s@ﬁp@ira Ala@néil Q@ ing
the soft/sem - soft/sem -hard ger to reach the hard

layers| &}yéatuem@nrf@&;bwm bgriodighhes tﬁa@qkétt emedipapt writable. When an exchange
tumnél%ﬁ] arci:osrI {ﬂ% to em% dlme ;m (%‘I}g%ﬂléfnt]ﬂ%l 1S ﬂrlltp u!:eady ?he saturanuon fh e?d starts

ange tantng rayer magnet

to be fe@6&@ddina gedcB WA ropﬂﬁMl nCiRP G %hifﬁdntl)}f ﬁn‘prﬂﬁhg yvrﬁzliblﬂﬂys tERdweyer, care
to the substrate; e soft/sem -soft/sem -hard magnetic

should be takef ﬁ@t tp algﬁé(?asw thiskegsp 8§F11‘3§€1C1?ﬂn6$‘< tupang Myesrto thy Raing qfy
1s01at1§} [19?&0rdn§§fak@1m Pﬁaﬂlsofa‘agn b el ‘?h%dm%%gﬁ& ﬂscBIthg

gscrlbe ositl stac magnet
layersroeﬁlplr(dnmgs ﬂhayxeargaetuf streeaoe df mglagm:hcarﬁccrrérﬂqg rdetnoe 41d dodsmat &low the

vers di st to the  supstrate, respectiv
magngsiedfeld %@Wﬂf hemr?amagne&g; apiteichepfh &0 pryjes %ﬂ%@i‘lglﬂ)ﬁ’(ﬁo@P%f’@l‘t 0

soft/ Sélﬂlel‘l'é&&I ff?‘)t@Ach]tﬁe H?Iﬁrl%tér Qnd R¥BEd drflo tHAEmABM}Y Wyer stack (comprlsmg
configuration, e the soft/sem -soft/sem - hg I ayer

the twairhdgnatic re@blahmgllewrs,l awlegshe @mhsmgertomylgtlet}an) t he hard | ayer

| s..preferabl e L distally ta the substrate
004y ZRE Pt BRI SBHT iy daniaFad PR upFpSially o the
substré@P@R isbRMAeRL e ft/tdiei-10xE RABAR Ll BB o1 &)@ may He@@Addited proximally or
Preferably, the hard magnetic recording |ayer conprises a

distallgdo giej sa}bstveitfe h Baitoox| ad “tem” ay esdd @@lietrhwcdrescrrdleéhgposetm@fethe
stacke{%ionl‘ll e%,nep 19 re%nrddllggoﬁgers %?%ec%}dlrllgel%%alaor%%r% pr% Hatd \%rseutsl“ﬁlstal” to the

substrate, respectively. Preferably, the hard layer is the bottom (or proximate to the substrate)
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Exchange coupling is preferably controlled by form ng
non-ferromagnetic nmaterial at the boundaries between
magneti c particles. Non-ferromagnetic material is
commonly fornmed during sputter deposition of CoPtCrB
contai ning alloys on high tenperature substrates by
preferential  surface diffusion of Cr and B to

magn%dms%rnil e mademEgniigHatien. Pavle she tPhY sead-sgl{sGRE Hartrdﬁéyer with a
relatw%[}afo(lzei: entéifo rpgriﬁiaﬁ {Ae hglrdqla rqgg@ﬁ‘?ﬁ‘t}{% %ly[?dglttt:&"@ltstail &5 ﬁle sab&rate.
magnet

transition m mag netlc conposi tion.
Prefergklyhtha geftkscmp boftl g:mlmasdl biyelrm dllepo dsited oenitthoéx chdndeytusing rh@;eng

araneters. s as the O B concentrati nd t
00478 b pE SR AR BS ST P SHAGHEE R hRrDPY M TG for
reduc@rS 8 1BRral bREMAREE &3upRYDRd ESmpHiRk Bt RXYRHS Ffa%ﬁlag HfaFﬂﬁlc layer.
sputter deposiftion of CoPt containing al loys on
Exchangerpevpdingrieprsisnahtly aerisolled pydduning oan-dfrremaasetd mosaridbatithe
boundltag? %‘?\lflvtee::{leléaé%r‘a? tpgrtlcgeggﬁe% ﬁf?rgotrpie}/gﬁﬁg%?ﬂ eélﬁf 1esrr:f.‘)(()n odlg%formed during
sputte€ B&{iJsitidg df T olPREPEcoIeGhia g laBoyCaHiE® tdn@itrdreGBAGIIRDY preferential
parameters such as sputter gas pressure, oxygen.
surfacg giféusinn eft Giomdi Bt grain bogpdares. das Coa:@aceél;(rag@n varies between the
grain &%@&'%ﬁ% “c%[ %gi'ﬂ Boﬂ@aﬂ? sﬁ&“t?%tgtﬁel%{eqlg %\‘t?r%%stl'éll(ghnﬁ&glg%%?ggggy\%otnhmagnetlc
comp@sitda. E](Gl&&fgeﬁoﬂiﬂ‘]ﬁlghﬁ)tmaih raedial it coatrolled Ry (taag@@tpaiametdre such as the

magnetic alloy layer is segregated_at the grain
Cr and) BriRagaiiaonsy ﬁn%@sﬁﬂawaff‘atrwer&mre olNopferromEgnef Bwiial cangalso be
formeﬁeagfn% i rﬁh bBﬁﬁda%%@H@mpé) qelr dpRsitibR Bt él)PtQ%nﬁ{nluﬁ% ah%‘scl)n low
ayer enabl e an anisotropy in the range of about
tempekaDare sBbsafagrsaby ydditivthel dvacdl bayero thonputies wga ombbftrctdcay@y
structure such as alternatin re erab
sputelint 5. G SamiTer Bt MRy TR BhGERiRgEe stk it BFShmeta i
conmﬂréa%%ﬁa@g’hhgpiraﬁsﬁémosfuc@hs {Rast a%kiﬁégtsm%oo;lg@@n cONEnRRVHEN the
Lateral | y exchange-decoupled n1crostructures [imt
sputtea giss 08¢ opge t:@lcantraﬂonbe teswpager t@st. IRrast@dansieyyithpone embodiment of
the pr sen{ 1|nlvgl¥uon ap Vg{)‘% 0 aﬁ%&{g'oﬁg VPtfle ‘%0%? agl)é%ﬁfa %92 lépelsg

yer accor I'Iment Ai's I'nven ena
magné’tﬁi ISy 2 @felr Qs\’lseglfe catall S0the @Riin bblﬁhdﬁﬂes efrbadiananly all bethb |T§4®2 present

coerC|V|ty (hard) magnetic material’s enpl oyed can al so

is Sef;@@ﬁ‘ﬁ@@% e @5 boysleriet | CoCr Ta, CoCrTaPt. CoPt, CoNi Cr,

o | Y.
004s£2ERYBy 133 EGRL A S EORPLIALLANS BRG0Py
the hai’mmyatrbdh‘hpmés aboitilayer @frumfeesu&'lesd dtefrlating [(P@AIFb1Y thionleyers of a

enbodi nen the_at |east one hard magnetic recordi
Co- alkowgg adERpPY 9%%%&89! a%%Preﬁeﬁattqzs CBBURRANSHORY Phfidsast dbout 20 kOe

and aﬂdfi‘%e Lﬁﬁ'}algexgﬁ’a 14&5&(&&&@&&&%&9 afiS&rdy 09f & below 40
el enent s l'ect &d fro the group consisting g Fe,

kOe. Pegfembly, MultPayerVirudtyireNioppled wit, ansaxgdhdge tmmoglarymt zrqcolﬁisng)uo

Xi I n_anot her . embodi ment ard net i . .
embof R A PuFBO OB SUmiFEp e sl v JF IRCHT Fodipgp. the hieh
coercﬁﬁg @@Irﬂﬁrn%iﬁﬁf: Iﬂa@éﬂa‘lsc@nﬁb&é&%aﬂra%o ORRiRe 0TS, @ICPRIREUET,

from about to about 25, where each of the alternatlng
CoCrTarﬁtnC@%ty@@léIlCat CQErPBBs@uFﬂﬁglﬂey prcenbisgtias thayeof. In another

emboc%%Pe%{ theaﬁ cli(ﬁlagnéc‘tlc regordmg layer has an M; of about 2 or more Tesla (T).

[0049] In one embodiment, the at least one hard magnetic recording layer comprises about 50

14



about 2l to about 3.5 A thick, where X is an el enent
sel ected fromthe group consisting of Cr, Ta, B, M, Pt,
W and Fe, and where each of the alternating thin,
non- magnetic layers of Pd or Pt is up to about 10 A
thi ck. Enbodi nents of the present invention include
neti c recording nedia containing a nmagnetic all oy
to abq%g? thg thick{ayetm %f%% o-giseq gllpys Binclydinggne gr grore glsmepfs lee%tﬁd from
the grcﬂi @dﬁglsﬁné Qf @r FR! Ta, %JW P, [VO%OﬂJb /'k}@ rBa%BH ‘f’al 1r5@191ﬂ%e's %r oxides.
cordi ng” l'ayér having an ani’'sotropy 't s | ower
In andtlhfa(tembbdmhmt thahad gm@nﬂﬂl@ﬁcbl&i}ﬁ@la?msomptlhﬁtsck(ﬁ@é@P«bbr Hlt)@ ut
15 nm Fora hi aver a isotro
g B B et e CRE Mg eeen B AbST ARS goye 3y
wherel cHBf %lt&%gtlﬁg"!hﬁﬂ Mybts @R CoasaseLRARPREBAIILP of ﬁh@'sﬁiér—lattlce is from
magnetical Ly Vayers such as about 6-12 t hus
aboutg@dsg Ia@‘?'mt?’l o thltck,aghers &nis ag gfement sedeatdd fem dhe sivep censedting of Cr, Ta,

B, M(f’ E’ 5 SO Or ﬁ]erg ar d ﬁg ﬁgft:rlggtrlﬂtﬁe Or d n?na a hcrlﬁiéffci%{%% Pcé or Ptis
up to MJud €S AotﬂuCﬂle Wﬁﬁ@ﬂt@bf o Ip%@t:ﬂitQWenhbk InchicR mzigﬂlﬁﬁé te@BAling media
There are different conbinations of ranges

contaigyety Wwagrctis gHey Banng nRE epmenynedy & 3¢ @tc%r e1gn91 dtagenat. %.and 3 to 8
atqaﬁk? erties, including perpendicular anisotropy in the
ange of about -6000 to +12,000 Ce and a thickness of
[0050]1 bALﬁra&tciEmlgnetlamd:o&hmg teer laaviye of ani@itifopg dlat &dupkt th@n that of the
val yes for |nlzat|%n of MWItabI|I£ . I'n one
hard gzanyeRilfcs has § ChpgidaPeuint R BPT Rhigh dy@ass MITHIopY Sbhe,
f |
combﬁ@!ﬂa&féﬂ th bggna%?cﬁ@ngﬂ g{ug g?%gé‘t%b 1(2)196|:rF nsgaﬁl?go‘{iﬂogg id ﬁglgl\éaru%rfgﬁffﬁgh (as
compzead miarplcahrnagmtleallw ‘SoItd ftay(ei\s!&,)suolﬁ ad @t 6-HakQxb g d2signating it as

. |l es t han about 1 T, or
semi-sg e B Y BUSEIT BPEREE Py e A e RE Ao T A R A thin
as betREQVAIHRS | and Giéh, 1N GE R rfégmd VidueS of BAGERMIWIA Misotropy (Hy) are

mai ntai ni ng desired top (hard) layer properties such as
functigpile ffhateuamdlfﬁemnémnble&mmé eangew pf jofigsemiwsaftisomirheng mgghetic
rable |sot Pref e t he he

I'CCOI'C{j]il% agerpparg%e CS H’IC I}CPX%?CaI'BéJ edSCU.IaI' ams {Il'abl quthe ranlge O%(g'[% rt]géd(% to

e
+12,080 @Riahil é&]’ﬂicklﬁ‘ersy &t &ougl-qBtnin, @hd @Wld& e andertitd1oupling values for
nmor.p hologé'are mai nt ai ned, and primary vertical coupling
optimzgien of WiigbHitpy Inieits asbadHBe HellE diReae B RIGH B MpleYasrigithg sott,
oR
e e O i O R APl apother,
embodibeut, tiis hyanharcatul&icnampanes egion (M}) of lecsythua hH‘Dua2ITO\hiss than about

satu ation gnetlz tion (M), of about 0-100 enu/cc.
T, pesstt opt 1 h@qé%ﬁﬁﬂh@§migéf%g | ayer enabl es

p [ It ,

T

malntanmgh?emr@htbp dharénlayertpepestieshsanlg es otiamdtivg, la&ydrexchmgc icegding,
00; 3 0 enu/

unitorg g ARG B Eory e ot 125y s SO o g hep)

structlffl@ 4R tHeNBedidMGEstatMRE&], BFyR{a€ kRN oribhti X alIaNELmbENo Ry are
ayer

mamtamgd and primary vertical coupling control is provided by the medium structures

according to embodiments of this invention.

[0052] In one embodiment, the exchange tuning layer has a thickness of about 0-4 nm and

15



further conprises the addition of Ru for hcp structure
stabilization and reduction of Ms. More preferably, the
exchange tuning | ayer conprises an oxide to enable

mai nt enance of |ow | ateral exchange coupling in the
tuning and/or subsequently deposited layer(s). In another
enbodi nent, . the exchange tuning Iayer conpri ses

compgiges 3 (fsglap wih iy safmiafip magpetiation (M) of abow Or 1%@&00 f or
Prefelgfﬁr@ ﬁﬁ:%%@ﬁa‘ﬂ&@ tﬁﬁl?gbl'airérzeﬂ%lgp Lﬁlﬁﬂlzﬁt@(ﬁ#&ftr‘sl‘i’i@n&fce M)er!:ﬂltq(ﬁ@k)

I ments, the "exchange tuning | ayer onpri ses
vertlcai(mnhugngelcouplingyelpmre ainkdls reang verdtatiliitys eInrwpthnntmbwchinsnm ﬂ&texchange

0 not include 0053] refer abld%/ahf urth

tuning e AEP S SHY acﬂoafé@%l&g.ae ritapa Bl e peehier flckness

(of abSWDISE hat) o SR BN GOFHRpIiREr g@' Mod pileYer@ly | Y @f&ané@ﬁmng layer
soft magnetic underl ayer preferabl conprises N,

furtheFeorapifisgy thesadditicigpidih foe hep $torture pta ﬂlﬁatn@ aandl r@«}'uctlgo PéMs More

Fela, FEeCoZ N F Per ma

prefer ) e Rl e bego e g g o RElgugRREL St fyera
exchafr@Cedaplifg irc@E IR s dubssqaedtly ddpesidiayes(spr Bf iogdek b‘mbodlment

formed at a thickness of 500 A. to 4000 A. Preferably,
the exchange (upjeg layer gasariseonea-adny i thepdditipriet Plgrdt. as weHas 811 for

S |
hep sRARE L6 ARGOLA B BKEE 1.5 IPDEEEEAR AnPS bt SO R toyer
compiises Inbﬁ@ﬁgr&tlpllayeai Bﬁd/l’n@j/ cgnnﬁnﬁtshapfmﬂagﬂethacddmbtemclaﬂe @nd a
lurality of oundgrl es.of ~ non-pagnetjic material, suc

WOS:‘EJB@(P‘&@%““ Preteraty furthe ingludst 2 5ofh MgRFstynderiayes fored Opﬁ%?
substéﬁ%ﬁﬁ%a?l (,Iolﬂﬁ)rlsgﬁ V3RitQTor ﬂeﬁ“h@sdf?ﬁﬁ%ﬁe%lc unara?a f gr'e?e?aﬁ@n

have a Size'in the range nd the oxid
comp@n N I, ndiermlyyet Co-dbpsdelre-alény-¢rananiag aHoy Kindsgr,iGpHelhe, FeCoZrB,

NiFe §BRHG Cod R R au e r e B NSt s BeaFeihE T

FeCoB qrb@’o@ oY cdhiBinbiEehshhdPedt AtHRE AL isa)réfedablyHoRBi8d at a thickness of 500 A
40(% ass-ceramc, ceramc, or other non-magnetic naterials.
to

he. Braherablat an mlaa¢r§@ phutienedenntthe seft & yeit 4 hasdighgresica
onvem I on%erflglg/ o(szlélrearé %n tshﬁtkl)rgé}lzlé{e?df}%l&ﬁ num 1%br§<¥orr he 1R

I‘CCOI‘(F % %%r lsgCF eSI 0 enhancerr%n%yer

preferhﬁyeﬁclud&ta%m@h@ dfgdibider ﬁl@%}l{eﬁk witdrib@hnd & plugdity 6T hdindaries of
titani umchrom um (Ti Cr) romum (Cr) and other

non- mﬁéﬂ%ﬂ%mat[sods Hchph @X&i@s |r@t@§@s Ok @thﬁran%n ﬁa&gmf'élcu reatﬁré%oﬁhaﬁ fgarate the
gramsk(&ﬁfz{ gthrlce Ing{e?lgL b %ga %@ﬂma§9 b rsﬁ? Inth elrgf{ g%g{fi (—)1 ({((ﬁﬁ?ﬁh&iﬁtﬁe oxide

greater t
contaipingfreagietiy layongami lmes a @dcknkiss 1nFtﬂ¢ rang6 o€B;20@m. Fe, Ta, N,
al | oys rrblnatlosthereof

, V, W Nb, GCe, co
[0054%%%@18 of 51 S&‘“Ctuf%%a“ﬁ%“&%’é%?ﬁo YArous BRIl puysgiate materials

I |
generﬁgmﬂﬂgég ﬁ{é Ia?égﬁgfj%lf_%l glﬁ?sn g%@ig%rgﬂélgg g%fnﬁj@ )%r Qﬁﬁgr R ﬁlag@él’c

materpbhdh¢ swistrateinap q:l$calba nertuoed dbstr{tC€olriPaC) corvehadrtally NiP-plated

texturgcg Blgp}.lrlf{gi“-l g{‘t?a:ffﬂ uqrrrraita ﬁ%#%?gé%ﬁ%%%ta g&esmn enhancement layer

materfé&tlﬁl:lhdé?ﬁh&'lﬂrﬁ YD alahRU¥L), it cAXdnsiem (HOSY firdinfdm (Cr) and
cobal t-chrom um pf ati num al um num

other metals.

[0055] The at least one hard magnetic recording layer preferably has an anisotropy of greater

than 12 kQOe, greater than 15 kOe, or preferably 15-40 kOe, and preferably comprises Co, Ti, Pd,
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oxi des (CoCrPtAI O, cobalt-platinumsilicon oxides
(CoPt Si O, cobalt-chrom umplatinum zirconi um oxi des
(CoCrPtzi O, cobalt-chrom um platinum haf ni um oxi des
(CoCrPtH O, cobalt-chrom um plati num ni obi um oxi des
(CoCr Pt NbO) cobal t-chrom um pl ati num boron oxi des
cobal t -chrom um pl ati nunysilicon oxide

Cu, C{ cE&dF@tI@p 0, PeobalVt Npi @e-ithdheysof F%hmﬁﬁl%t%fé%of( éé@rpgrqﬁyrably,
the ha?@&%kﬂetfelr@édr@lﬂgéﬁpgoﬂl el 'Ctorlﬁaggdsali 18in ox1de?3tand rﬁimdes for

cobalt-chromu patl mtanta um trl es
exame babalt—yﬂh‘auﬂum umdbaf(ftﬂ?tomcnbalt Clniemuﬁrﬁ}qﬂtiﬁam) oxidasd CoCrPtO), cobalt-

cobal.t - chrom pl con ri des .(CoCr Pt
chron{ B R P RGP R CHAGN P & 0o e g S 4 e g1 Gy CoPLTIO)
cobaltoéﬁ&ﬁﬁln@-/ﬂﬁ/tlﬁﬁmfﬁtﬁﬁlﬁﬂledhdldg (@oCAMTEML E&Iaﬂt%r&ﬁluﬂpE}ﬁmg’m—aluminum
atomc %to about 40 atomc % pref erabll))/llnt e range
1

oxidepfCatlBtAl05, @b@lﬁp&atwmmhmm% (&PBPIQ), ¥ gdggl]mul’h@latinum—
Nt L I R

cobalttdHeom Al p EE M@LHi6biuACEXi tHsNGoCABRBO) Wobik-ehkrdinyp] &hum-boron
ani sotro(g))61 of about 6-12 kGe and a thickness of about
A

oxidey (GoS"rRiR @b%tr@lf@mﬂ@ll“?laé@ﬁ@rﬁﬂé‘@@ Friten 6EPEHIP Y ) sestbelt-platinum-
o I
platintuarth@thlum ﬂlﬂdde@ AC bOrPtaiN p yobdfeplatioym-MintalNn nT‘ﬁ],deQCcEB’tTﬁﬂ ), and

cobalfs R BN 1 S5ASIeR P i Fehard maghetic recording
layer &Qﬁ’lﬁistes Bk h@H&?or Rt ggn irfa @&Q%t}atﬁ)ﬂro@ IRk hic R edudiae

a cobalt - cromump tinumtantal um oxide, a cobalt-
atomip Pa tprafenablyiin alre nangeoo(ﬁ abept Aatomic % to about 25 atomic %.

[0056i Eﬁl %ofg E{:rglms l ?ntélthigu %r%eﬁglrgﬁ?ﬁgﬁaaf gr prgferably has an anisotropy

that isa6@a} thaP bt bm%ﬁﬂd' hEARHO¥dBRiin@layer, or preferably an anisotropy of about
cobal t-chrom um pl ati num zi rconi um oxi de,

6-12 sttt Biekoesinbouitls Hupm e iroliiabii ehmpriges magnetically soft
materfa SggllPC{ m%ﬂ Engc rﬁl&égng%ogl:a;ﬂﬁgm & Iragn hlgml gaxllroqleand nickel alloy, an iron and

mtrog@@b&b;t Gt AINRdRaglon RUBY S, O@ONl N))qrada BaSi, Al, Zr, Nb, FeNi, FeN,
lati numsilicon nitrid

FeTa%&@J@N ¢Ga-ifisGaB: Heny&d-&rpZaNby CleTaaalé BHEe-tL HHIdSneRHL-platinum

ox1de,pzl %HaE%ﬁJﬁﬂBﬁ%lﬁﬂﬁﬂt%&fdg, aft%rcﬁ}utunp# ghfuﬂﬂ r{ﬁt{tﬂﬂfn x%@ a cobalt-
nitride, a cobalt-chromumplatinum s |con nitri

platin@metradi inmadxiide) atch‘m‘ledfromﬁ@ﬂ@Ydthmpmuamahi @(16@ ad:obaye]nromlum—

. materials include tantalum (Ta), | ver , copper,.
platingigrplumipyyoxigeg)cod ﬁﬁafaﬁrlgm. i et fatle @P}%e}aﬂﬁﬁv
mrcorhﬁﬁloﬂfdﬁ £ SR LHh R l’atlﬁlﬁnq{ahﬁﬁ(ﬁ’oxﬂécgc@@alt@h%mlun‘}%latmum—

RuCoCr, and non-magneti c cobal t-chrom um (CoCr)
mobumpbxldnad ¢aopahtahianguen- plhilmldnébmnmcudeselceb%ﬂedlrmfrmmmptldumum silicon

oxide g R TR B it AR i hinge B iy, 45BN phtomjum-

platinGfMahtaiubl Me&i®esdobAYShtihh-td8usUREREULESYalt- HeRRShi-fldtinum-
magnetic layer. A protective over coat can be appl i ed

silicopigiide, hea egmpinatoudere@fnet i ¢ | ayer, such as a carbon-

[0057&2&%@ Fl)(fa,:bgegs ?(?1 Pl ge ﬁlategal(gv&lgcgelatgntaﬁlrﬂg(ﬁ) E:rl ((‘A%Gtcop%é{re(rcu%ld

eon
(Au), and platinum (Pt). The interlayer may include ruthenium (Ru), Ru alloys, such as RuCer,

17



di anond carbon overcoat and | ubricant are deposited on

the surface of the top nmagnetic recording |layer. [0058]
The following illustrate and descri be some exanpl es and
nore specific configurations, wthout limtation as to
how description herein can be applied or to the appended

lains. [0059] FlﬁureZHIustrates an exanple of a film
RuC0§f AR gp én%gfle%c frigHehreivgL Gt ngPtiasally hiving adud demen selected

from %grbu? n‘%ﬁ@ﬁ%lﬁ mdi gdéfﬂlpfﬂl\ﬁ@)t qa(ﬁpobﬁﬁ‘ﬁ‘ (1@9) @BYOHS(%@SJaE@;ne(C) and

that is sditable fory magneti ¢ recordi ng nmedi a and
Ru. The efelagbl procidapa CIsfetsllme rseetddeyerribnt];lp hobsneqmnnilyalep@bnaﬂ umgnenn

or alumnumallo | as ceramc, gl ass-ceram c

tyer. Aoprafiele SYare e b St & B cdfbIohaandior§ GRS cE g Sarbon-
contalﬁ%l-ﬁrot(egﬂvd Svebdout bAd 8RR 16118 n’ﬂﬂfh)%tag) Bli&d thgﬁ%nurfq@ﬂ'eka@ﬂ'}e fa

preferably conprises chrom um or rom um al | oy.
diamangdcarboapeeice)t anfl lybricayt ¢ depvsitechbiothersariace @éh%n@lpursftg@stlg

taI line orientation base to induce the growth of hcp

recor(%?%ray%xanpl e, having a lattice structure with a {0002}

[00589T THé¢ follokvi@NillabtrQ& ind desthBe SOMRSSQUEIMs And thegre Spdcefik configurations,
magnetic recording |ayers, with a maqgnetl C easy axis
Wlthobfelrrpléﬁmn&ﬁ e hov gesarptipil hexep ede apked or to ghe aaqp@@ded claims.

[0059221;‘%9}3 fﬁﬁ‘:@trﬂe %p%!u I Fe I)ioe( fike o?g rifa%get?cr I%t:&rdﬁ'%l Media in

rises a hig ace roughness to uce gral
accordumpaivathions ekamploe The bsaguent ) sandepnsistiedrarsett it saitdbdeyfer S .

The ma net| C recor din | ayers preferably conprjse r
magneiic ReRAINEAYEZ NG BE] fecg IMECBPIBSE B SRk aP P SHBYREY Pletefia'liﬂé?mum or
alumifdth allg)WUr% 1459 rﬂ%fdn%@ Sor%}@s's Qéraﬂﬁc ﬁﬁgsrﬁi) URARE IRt Ment Hoft

exchange t uni ng | ayer I's preferably granul ar)
magnetrdingetloyer K8ghet) cs dpayceled IOQthhd suﬂ:qtrhay gihe (tlﬁﬁer(dyawpm@raﬂy

an'stro that | ha hat 0 ottomh
compfites SRR rdrepre iy S 1 e T o b P RO e
establRh&f £E3RhNine dRcAYBEEPAL t& BldubSthe %mﬂht&@cp of Bet P having a

magnetic |ayer (5) and conprises carbon. 0060] The

lattlcqﬁrt@f:@rer with ad PG growisomdntativa) exidia anlgseqwqmﬂmgmsatyé magpgtic

recorcimg iélélﬁ W1t ﬁlr}%)gngttcsﬁt%f!ﬁl% gﬁ)encglélrﬂcrg%ﬁee F fanﬁ% nt S %L@ aﬁso

establﬁh@dww@)lztt@ RirR@gie 8t and prdfasiblysuniprgast hlgatsuﬁﬁbecrbugmess to
non- magneti c_dependi ng on conposition, Preferably, the

induce gaHhiFgaration imige Sulrenuaay dsperiga stageetifolregit. 1dr nagfagtic mgording

layersrﬂ?g@ééa%fy (%m r%?%ree gp@gr %?ﬁq’s GRAL& ggﬁ b'oﬂoﬁlr}lecl c?fﬁgl gqayer é4)

t'uni ng provi a granu tructur
(which _Sompnmsls ghass dearl bounpdran @bgmlwnlm;;e aunphd ]ragera(g) cdrigaised

wth a conti huous struc ar. exchange
prefer; ‘a}mgﬁaﬂ @Fp % tPP REEFEG %@Fveﬁ%{ m@&@@r Z?'} @a\fep& pn @%qu)yc;hat is
lower 't Rt & rtl?é%’cltﬁ‘)rm hPA A QM AREDES 16 o ﬁﬂﬁ‘?zresreéﬂgmg Eﬁ"oﬁﬁ'an%e

control layer betweenthe magneti roperties of the
Preferipbllyt anovefddat €nds deposits)) omthg met maglieﬂy ézr}@r (SPhed adaiptisesrcadifon.

u.fo the Cr - oxi.de 0 difies the yst.al .
r0060L bl gR TR ThP g e besPasi wiend % SRR arorsidesre
layer, of C@troQIoRﬂL%'(Ti@2§491§%k C@@rojokﬁﬁ%b&ioz}}%f BA&tAth embodiments, the
exchange tuning layer (7) has low magnetization or is non-magnetic depending on composition.
Preferably, the exchange tuning layer has a magnetic moment of about 200 memu/cc or less.

The oxide contents in the exchange tuning layer (7) preferably provide a granular structure,
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stacking fault energy and stabilizing the hcp e phase

conpared to the fcc a phase. In Figure 2, the exchange

tuning layer (7) is shown as being structured so as to

cover the magnetic columar grains (4a) of the hard

| ayer, with spacing in the exchange tuning |ayer over the
rain boundaries (4b) which preferapbly conprise voids,

whichdias dgss In-Riaps FEdaneePHRY At ePaedt Wi awgntlr&ou& SFsitwaL Thins

t t
sranuf %‘aﬁgec%ﬁ%%é%%ﬁy TROGIBET & opl Ep RTINSO DB Ll
bottorassnagabtllc lagers Iasz grtanna &:mnlumndihiyﬁebetfvddm) theﬁnaghetimlabgeltiaye{fthe bottom

@) anfy0s (o1 AAeBLC R LR an e Kida e CrErORagarGy Saidies e cystal

struct@¥ Q)kq o UdIEcﬁgtsﬂn%)ﬂ% Rleal BRI fRioREAK oﬁit@ﬁ'ﬁtdspﬁg’mg ftl'ié?@B§I iRGreasing
medi um wi exchange tuning | ayer i gher

stacking faatiginesgy alnd dtabsltzmgtha hepe ghdsgeomahied te Fhetfacxa ahasgr dwEigure 2,

the ex%ﬂ‘aglﬁg ttliu%rrl]ge layer QSH %; gtF égfnﬁ 66—%%611% esat&l?'l ﬁrgyhgl Wsma&ngtlc columnar

grains"BaSsTtREhdi@ N 4yek,00h Gaciiedh ehewixthand® (dllﬂlﬂl% h9eit ovED thd grain boundaries
exchanfqe tuning |ayers. Magneto-Optical Kerr Effect

(4D) whighkeplcrehdn eeapitervpidre axidee SitHg: é@l@magnffttfdp@temls,t%éombmatlons
e oL B OREIMLY 1L RATRANSI S 13 2y LnfIBLET L 0ES e
colummaggrainis 244)ia Wwellus Vige griineboappaieat dis) ctfslﬁﬁhetrd) ls@zeqm)r e the

ata for the hystere nmeasurenent 1s typically

0061} heats hloRspt By Srder FHPAGGPAIRET) e sheskigith and
withodi1 @ramaﬁge ko) Gy aHOCFHe el furlical 3-ab R (BAOALIMARY 2105 A

curve) crosses erd i's the coerC|V|ty
exchangy fuhigriayra dnebigbersolengtyi, sndiragisgatmarn fst\’rweabécacmtamal gitvavth among
he b oercivit.ies Heasured |nd|ncreas n gy,rea3|ng
the boftoR) asnely BENUEEJUANS 28¢ K ‘élé%ﬂf‘tnc Cotr 88 ¥ERange bi as
[0062Ff F@aﬁe 4 FHE3H mdNardd@r 1ddp R RfkdlanBIeinBvaRSuti 13 A BRHKBEL tuning
mediumwith a 15 A exchange tuning |ayer is
1ayerSr éﬂwnew Opticah Keuertigeg W%@hnm@t%mrm mepguige hywieiqsis heops of the
medla ot g%r‘érvlsr ?5%2?%%%[1 st Ie ? (ﬂé qllnngrér:;n Fhlsg ? g Pl%éseunrﬁgm nt © the
hyste@ﬁ@l 1qopeSr iRt iyzatio R oMive STHEgappﬁﬁtL&rustt’oﬁacqﬁiﬂé theatistol ﬁ]}é&fySt):resis
magnetic | ayers, the inprovenent in epitaxial growh and
measyrprRehta Y@t aivibrating e PhYfaraatingrEsadiginaangionsters fhe applied
shed a
field B0 AR (N B T, S cRlso e RS BRRR R o %
antifesbmasndticao HCR, preserm]lnetm samn{ﬂé ahd Ccmnmf/ltlels cheddred n iatrelasing and
nce-t hi ckness roduct (Mt) (M _rmultiplied by
decre%S}ngr@%lﬁéﬁé © §acqyay %fr?crteﬁ hofotﬁe Fwéla%s&%%@féeq uni ng | ayer
[00631 h*l“ﬁé(fb%%% 1. LA ErderBYop¥ah WeNGe L 1oP 3R AR dluth Wid o BYR rexchanrgﬁe tuning
hi ckness from about O to about nm vertical coupli
layer isgelpedue 8t vertonal @@b&l@muphm bdteeen td bottpmrihafl ahld:@dﬂdbly
w.itability to b W 0 t'H%q>@oRr redu&tlon

compyising Qe pr more granu ar ayer semi-soft or semlohard and pregerably
comprising one or more continuous layers) magnetic layers, the improvement in epitaxial growth
and the reduction in stacking faults. The medium with 15A exchange tuning layer has smaller

SFD as compared to a medium without an exchange tuning layer.

[0064] Figure 5 shows the HCR, remanent nucleation field (Hnr) and remanence-thickness
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[0066] In the exanple illustrated in Figure 5, HCRis
reduced significantly (from about 5700- 5900 Qe to about
4000- 4700 Ce) as the exchange tuning layer (contro
| ayer) increases fromO to about 15 A due to a
reduction of vertical coupling between the hard and | ower
anisotropy layers froma very strong coupling val ue
produgitit Y TiampsipEeG PY DrigiPopses de 2 Tordlop QR HISSHENINGE NetRg wer
thickdek€! d al so decreases (from about 3100-3500 Ce to about
1000 Ce or less) as the exchange tuning | ayer increases
[00651 oBauvagig erehandei toking $ayeofhicinesstfrdd aBout Dhtb sboygtdi mra) vertical

vertical exchapge coupli.n eads sjgnj ficant .
coupliig et T EPOGUHLTTY G desind o RLECHRbURb G Febetow optimal
for reMckibABF HORYandA%rifaBRitgxchange tuning |ayer (control

| ayer) thickness increases beyond the optinal valuezéin
[0066] hinsthe gsample illusgrisdtie Figuran P#é%m reggeed)sigmficantly $frivaragout 5700-

ayer, - | hSotr. ayer. conbinationp,,vertical
3900 bR g BUERTRRODGS " REse B SRRPLRRI LR Bt L |t trom 010
aboutagal, Riuk ACH RRASEL oV vieddial Edupling OEfRRSH eedian@hyd BOGF atlesrds layers
t hi ckness increases past optinal.value(s%; [0067] Figure
from gveyh SN RCHEHAA M AIFe PVHIES BMogr optied veBER)The sypygsenyeieagion field
. ¢ " . h '
o YOS, 8 b 1304500 AT, P08 o DL e SSYERIH Y v
incread tb @n bptiAat thidkike 8t abagd StAINTHIY opéyal serddudexdlaagecduplihg leads
decade BER gain. As conpared to a contjnuqus._exchange
to a sigQibicRRf TPEHFEPT It Hes Wk glﬁ]éﬂr?@é B MRge Yea i TR e pechange
tuninél_ﬁytgr é@@d&d’l‘ ﬂaﬁjaﬁsthicﬁ}?é%gﬁnc?eagesad ord gl%%%ﬁﬁlaﬁgﬁuélgﬂ Nk égzﬁnple,
he BER gai i comes from SFD réduction due to better
greatege fhanakpetl 154 bl thiahad dlless —dowekdnmgtrbpylaysr; caamtdnation, vertical

[ rovement in, wi ity wth i ncrease i.n.in-.plane
exchapERERES Boufiknind floBesf e 7 ppiigirares Wbl ar ve
correspORih §y\WBb@Bed RARIRARY il RECHHhNTatue(sh.he above

description can be enpl oyed. The disk drive 700 includes
[0067} Figussd @@Ms%endrmhmddnwrmgat@gﬁBER) rqspense ay a4unctiga of exchange
wind R4 BRSNSl TR I B RO
12 to 15 AnhieRrkaiinga tindiy; 1yere kigiw Blose @UI Sécde@e BAR &@aldtompared to a

_environnment. The base and cover plate arrangenent shown
continuguipxshange; tynife layek Aisapchpngeening hygs iy this oxaneledp grapplahas
rya i o) f X
sou 2SR O o0V ARG AP EUBILY e
epitaxim} gtdvethpad idse saeking il ts gunkdamiposveofent inewrdtiabikitydwitiieut2fkcrease in in-

houysi ng. Disk drive 700 further includes a disk pack 716
plane exCNESCHRIAE-ed on a hub for rotation on a spindle notor
[00681 NPIG ShAWEHatYa @sidisie %Oai%lﬁél’?recg}dﬁkg RagK aZéo@dihg% #desove

one or nore of 1ndividual disks that” are nounted for
descripten cangiel evmplaysiutThe diskndrnal 70@xnduddsadivuding basut f2and altag cover

ssoci.ated read/wite head 720 that i unted to t.he
place % (R Gt B L EbRRCSER 68 h TACT ke (PR St Bphmen
to proteldt thBenterhan®ngpshBRMMAronDcdtltémindsiod BRdleMehls @uilRRARe dARkdar e
supported by fl exures
environment. The base and cover plate arrangement shown in FIG. 7 is well known in the

industry; however, other arrangements of the housing components have frequently been used,

and aspects of the invention are not limited by the particular configuration of the disk drive
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722 that are in turn attached to head nounting arns 724
of an actuator 726. The actuator shown in FIG 7 is of
the type known as a rotary noving coil actuator and
i ncludes a voice coil notor, shown generally at 728.
Vbice coil notor 728 rotates actuator 726 with its

tached read/wite heads. 720 about pi vot shaft 730 to

houm% slPltSk gHve d8YTukeEE Behidsys disb @agsy 610 taafdé §1qugtpd parahubige fetation
ona s@ﬂn@ﬁ%@top%@ S L 88 b[yoaocﬁéﬂ c1§1111971§ ﬁlékﬁﬁﬁ:f( & ﬁlc‘fﬁcfég%n@r)r #Bre of

anpl e net ho O"in which recordi nmedi a according to
indivithieg dadhe ttert desuountedfoaspecthisorcamube cérmaitrexis Nethhdisk 8Gthce has an

assoc B sEE Vil Ea1890 O [niEeinaihaiok ARvSOE g Epipisagne with the

disk s082RQ) 1R tHe erxﬁ S[@Qﬂé%'lﬁ FIG CReHdMdriteasglls PI0 4rB8uppaked baYekures
depositing (825) an exchange tuning |layer on the first

722 thatiggmen fugn atteahed o hfgldl raguating arms azﬂo@fsam aCﬁ@tC(rQQG) The getwatatishown

. n recordin er on.th

in FIG 78} o S SU S GART R [iDisRPr gD motor.

showrDger@RIIBI@ M8 .t Voich@6# nfdd 128dolatestabRa®k 726 fwiMs attached read/write
consi deration of the specification and practice of the

heads{74() ebeutarpivitsbafo 4 dytorrasision reawrifecienay 72 0eovsirpideyred sigta track
r-@etails are provided for illustrative and
dongQEQﬁ%ﬁgiory pur poses, and not by way of limtation to
[0069] hEICsE @oiflestaitest dips ayp pe akegple ngitingl 800Ha whedhmecading rii¢digad®rding
hr gughout this appllcatlon |ncI¥des t he

to the ‘ﬁ’fet %@rﬂ? FreecAnrngirage. “ather SV Hiy s é?ﬂqsgmgﬁb(ban SUL on
t t f
088, ERRRLEHL G st TIPS A RERI) S apEghen
recorcalsg)kagztlsordhe antdildyee rdepositenea(3ph egn ¢Xrbarzecompe freyat sn dmﬁrmemagnetic
f her [ her nbod nentsd ccordance wth
recorcﬁ% agﬁro 1It1|n§{z§ a56G0 @ngp?ﬁec?r 1l ﬁﬁ%rﬁ)é]t & exchange tuning
1%mrrecord|ng nedlun1conpr|5|ng a first magnetic recording

| ayer having an anisotropy field of about 10 kQGe or
[007 OImQéher ambe@mtsmgnléw o thfemﬁlmtmgwmdgﬁeqpphr&vt tegheng skilled in the art

from cons 8} Qlo hleeslpgmhc Ei%ntagg )12 aﬁ: ce ofo til %na\flegtlgri 51sclos rf]:reetlrll Particular
recor an excnange unln ayer WEEN

examplB€arfd cftﬁér cﬁﬂiﬂls SBCH0ddBR gl tratiee @r[dnletxrpganlaa)yga pﬁrpoyda e4rl ddt by way
said exchange tuning |ayer conprises a granular |ayer.
of hmZaUOFh@ thedfivef ot theappendicd glaadi Uns Grmepaipising apResddhipugheut this
[ @ 5 |
B e e R e Uil sy 6 bR
“consiSafig.b_TrofRe Exteﬁﬁt(hIi Pegifiic 2speCo@f a2ORMBAAMPicCbpRe Bre cnsistent with

hexagonal | y. cl ose packe mat eri al oxide, . or a
SPCleEo%B?%%\?% %ﬁ)ﬁl e ggrmpl &ﬁgOWQF@PHCIt%@a%J?E Hg#@]etos?}h?rﬁa other

embodlid¥8fs ilasc ARl GHMRGRS atve@ROUptiofd: 1- 100 angstrons, about
1-50 angstrons, about 1-40 angstrons, about 10-80

angstrons,
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about 10-25 angstrons, or about 15 angstroms. 3. The
magneti ¢ recordi ng nediumof claim1, wherein the

exchange tuning | ayer has a saturation nmagnetization

(Ms) of about 0-100 enu/cc, about 200 nenu/cc or |ess,
about 100-300 enu/cc, or about 0-300 enu/cc. 4. The
magneti ¢ recordi ng medl umof claiml1l, wherein the

We Clagyithange tuning |ayer reduces vertical coupling between
the first and second magnetic recording layers. 5. The
magneti c recordi ng mediumof claim1, wherein the
1. eXcinagigéic temoidige heygam sérapiding edirsthagneex eggorthhg \ayed loseng an

packed st re o e second magnetic recordjng | ayer.
DAL ot oL klIF of Tt e g Tersielis Feopgieg oy o an
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afhinglazerdichvechdherfinsit @mﬁ &exhlilemtasnealcrrecrﬁc;ngﬂas@rﬁe wiigin saidf
boch{anl 50100 OeT ari%l L rni 3 about 3000-5000 Ce,

aboUE B E 06" cRTBH ﬁbao%? “%fdﬁ‘/ 45000 Ce. 7. The

2.maga ﬁtalgﬁetrca@@drdinlggnmﬁh@ﬂbmm al ahéfeih th%ﬁd’lﬁhgh mhﬁlgflhyesbompnses
gbetlc recordi ng | ayer rises Co, Ti
Féo

a-ttaa copalt- f%)y, rﬂtatmlvn gromsu h@lurralchr@gmumh@fl@lwn CaCraoRus
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¢ ety TSRy P g Ef RaPordt cldsE PhotBIRGS wiveral an oxice
aofo e@hbmyt,lorﬁthE’teoﬂlahdyvheﬁlrpd}ea:biblmnge amigXiage, ha® i thickness of about

conbj nati ons thereof, 8. The magne recor di ng
cPar HlinexfRe ﬁowﬂeS%%%Hamﬁaa@ﬁgﬁ 46 @é&%ﬁomsn@bqug‘ig 80T stroms.
COpm 11585 a%%str(ﬁ?s o[r\lhbou[t\IIS -gﬁgstrgmsB Si, A, Zr, Nb, FeN,
FeN, FeTaC, “FeTaN, FeCo, FeCoB, FeSi Al, Cozr Nb,
3.CdHe Tagnetiv rexdrdmg raedmim roif dka;m dothlteHnlhabmhang@wmdg layer has a
cobal chrom um tinum oxi de, a
c SBaEioR FRsRT AT st Ape.d o L. about 208 sy o less. abou
Pl 66300 Binbiick 881 BBUAXBO@em/cc.
cobal t-chrom umpl ati numtitani um oxi de, a cobal t -
4.c Rhe magnetfs raedrdingraddivined slagrildwhergin the exchan ge tuning layer reduces
ggflgilgﬁlucf%lﬁlﬁ Il’lert]mvdlqszrflinlzt:h? glgsr‘% I%ﬁclrin (sjegc)(()ng magngnc recording layers.
5.caha Magﬁétf&ﬁtdtﬁm@rﬂéduﬁlﬁmf brafih IIUWh@ﬁéirﬁﬁe efchange tuning layer stabilizes
cobal t -chrom um pl ati num ni obi um oxi de, a
c SisdicxagmaByrioss mqkﬁqi BIEYRLIS 106 Hheoer sl magnetic recording layer.
0
cg\gg tagg%lg%é&ﬁn ﬁd&%%ﬁ?{aﬁl @Jh%indtg In%dlum has a smaller switching
pliald distribt tismgSEEN ancompaled tcea medium with no exchange tuning layer, and
CoDal Shr.on um plat: num.Lant alum.nl 8495 1 208288 doout 11000
ceRakisus BB AHD G, %bﬁM@O@ 'SIOOG QR RiabbitdB00 QL'SO@O Oe.
conbi nation " thereof .. The magnetic recordi ng nedi um of
7. c ffhﬁ magnetwrec@‘dmgtrtmhlsra@cﬁ nkalrmigwbtnem the iost diaggeticangeording layer

ConBLSescAyl QUer, SOncenty LR A VAVARLIUE dB30adRgE de
combination thereof, or wherein the first magnetic recording layer comprises alternating
layers comprising a Co-alloy, a Pt-alloy, a Pd-alloy, an oxide, or combinations thereof.

8. The magnetic recording medium of claim 1, wherein the second magnetic recording layer

comprises Fe, Co, Ni, N, Ta, C, B, Si, Al, Zr, Nb, FeNi, FeN, FeTaC, FeTaN, FeCo,
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10. The magnetic recording nediumof claim1, further
conprising a protective overcoat |ayer containing carbon

or a lubricant topcoat |ayer containing

per fl uoropol yet her deposited over the second magnetic
recording layer. 11. A magnetic recordi ng nmedi um
conprising:. a first magnetic recording |ayer having an
aﬁgg%k%fwwo&%&?ﬁt Rat! pgdg editrige é@ﬁ-@laﬁlﬁ%&w& a cobalt-
e RhHADIAANE! oaY aNGbAR ARHIQHI RS tARRMh oRidk2a Kt
and an exchange tuning | ayer deposited between the first
mabnetineita@omr akiidey a kcalyat-chramdhin -ipéatiwemetidnivageradd, @ cobalt-

recordi ng,l ayer,. wherein. the exghange tuni ng l.ayer
 SSPI Bl MR OFide b gl Rl Toren- iR idknaioPdly. a
I b RETRH B AMIEHE 2B AN BkideBE E3baBlchr@hiunfpla@Rith Matdi@f oxide, a

thereof. "12. The nmagnetic recordi ng nediumof claimi1l
exohabi-chroriven-pltaweritiokiver @iidd, g ygobslt-gepmewn-plaipo o bgonoxide, a

an 000 Ce and .a renmmnent .nucl eation.field. of about 1
R0l Bn CTRAR L Bl BB o8¢ b8l
Wﬁﬁﬁﬁm-thﬂ@tsmntﬂd@u@c@aaﬁagmhiumpmamﬁitmmuhﬂmideh aBolslt-
t hi ckness of about 1-2 nm or about 1-15 nm and a magnetic
nBlEREMgRntakyeLRitriden g cokatpgheemimpladigumasilicon niidgepgrpnygination
mapgcturing a magnetic recording nedium the nethod
conprising: depositing a soft magnetic underlayer (SUL)
9.offhansigh&ia rat @dingenaburhiofiglagn 1i wherelnatyie second ina@n&iditecording layer
depositing a first magnetic recording |ayer having an .
A FPEBKT<S aﬁo‘fV?reqoaC%traa%% e% plagnweRhanglod Bice oh/BRE R recording layer.
ld.@héhbgﬂéknf&ﬁﬁﬁl'dkd%%h%fﬁhﬁﬁﬁ,ﬂﬁ@@?&d i sifd2d oR@til @Y¥&drcoat
conpriSes at |east one granul ar magnetic [ayer;
déyesédnitaigingicaibro loana dedricanti tngedabiager cwneining perfiupsipolyether

netic recording, | ayer., wher.ei sai d exchange tuning

| BVl T eERLBAENEHC SHIHING 6D angst r oms and

conprises at |east one granular nmagnetic | ayer; and

depositing a second magnetic recording | ayer over the
lleXcimagngéic tenerdige gy copiiselsy the second magnetic

recordi ng.l ayer has._an.ani;sotto field that .is |le t

the " ani BET e IR AR SRt R vt B Pl I el Y ¥0e:

and wher gidtosd@id gSRiRaBebramg MBlet Bavin €60 hilkdtbpyay @bout 6-12 kOe; and

conprises at | east one continuous magnetic |layer. 15. The

nmet hod o ichnigetuningfryeedepopited kedwpqigthe Hest kigagtiraiggorging layer

BRI R 84 0 RS LA e e compries
a non-magnetic cobalt-oxide-ruthenium alloy, a ruthenium-oxide granular material, or
a combination thereof.
12. The magnetic recording medium of claim 11 exhibiting a remanent coercivity of between
about 3000 and 7000 Oe and a remanent nucleation field of about 1000 Oe.
13. The magnetic recording medium of claim 11, wherein the continuous magnetic recording

layer has a thickness of about 1-2 nm or about 1-15 nm and a magnetic moment of about

200 memu/cc or less.
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16. The nethod of claim 14, wherein the exchange tuning
| ayer has a thickness of about 1-40 angstrons or of
about 10-80 angstrons, and a saturation nmagnetization
(Mb) of about O0- 100 enu/cc, about 200 nmenu/cc or |ess,
about 0-300 enu/cc, or about 100-300 enu/cc. 17. The
nmet hod of claim 14, wherein the exchange tuning | ayer
reduces vertical coupling between the first and second

14"%%%5& of E%Rﬁﬁ&tﬂﬂn% Q%ﬁg&r Ctl(,lI%COI'-ICiHI% IH&IIngdthg é%lllcﬁi wn#f'ﬁsmg:

wher el n the exchang l'ayer “reduces the swt
f|ek&podhsgas@hnmgmngﬁﬁi&ﬂzwx(&MLh@ﬂauﬂmawﬁconpared to a

medi ym wi.th no e | ayer. 19. The net hod of
cl ai ?ﬂ“n%ﬁ%F@?ﬁW?% ﬁ8§ exhlblts a remanent

coer Mélﬁﬁ{ %g fir@pihetle red Ao Ryer RRAHE ad 2R 000 Esic1d QP h’Eout 10 kOe
3000- about 4000-5000 Ce or about 40 45 Ce.

20. & m@rg QEel the rdertaydi, ndierasel baidnfing mﬁfgactuqmse@rdbgg ltam Comprlses at

method of ¢claimil4, 24
east one granular magnetic layer;

depositing an exchange tuning layer over the first magnetic recording layer, wherein
said exchange tuning layer has a thickness of about 0-100 angstroms and comprises at
least one granular magnetic layer; and

depositing a second magnetic recording layer over the exchange tuning layer, wherein
the second magnetic recording layer has an anisotropy field that is less than the
anisotropy of the first magnetic recording layer, and wherein said second magnetic
recording layer comprises at least one continuous magnetic layer.

15. The method of claim 14, wherein increasing the thickness of the exchange tuning layer
increases saturation magnetization (M) of said exchange tuning layer.

16. The method of claim 14, wherein the exchange tuning layer has a thickness of about 1-40
angstroms or of about 10-80 angstroms, and a saturation magnetization (M;) of about 0-
100 emu/cc, about 200 memu/cc or less, about 0-300 emu/cc, or about 100-300 emu/cc.

17. The method of claim 14, wherein the exchange tuning layer reduces vertical coupling
between the first and second magnetic recording layers.

18. The method of claim 14, wherein the exchange tuning layer reduces the switching field
distribution (SFD) of the medium as compared to a medium with no exchange tuning
layer.

19. The method of claim 14, wherein the medium exhibits a remanent coercivity of about 1-
7000 Oe, about 1-1000 Oe, about 3000-5000 Oe, about 4000-5000 Oe or about 4000-
45000 Oe.

20. A magnetic recording medium manufactured by the method of claim 14.
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