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BACKGROUND
1. Field
[0002] This invention is directed to recording media with enhanced magnetic properties for
improved writability. In particular, the invention is directed to methods, systems and
components that allow for improved writability while reducing defects so as to obtain uniform
magnetic properties such as uniformly high anisotropy (Hk) and narrow switching field
distribution (SFD).
2. Related art
[0003] Magnetic media are widely used in various applications, particularly in the computer
industry for data/information storage and retrieval applications, typically in disk form, and
efforts are continually made with the aim of increasing the areal recording density, i.e., bit
density or 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

efects so as to obtain uniform



2. Related art [0003] Magnetic nedia are widely used in various applications,
particularly in the conputer industry for data/information storage and
retrieval applications, typically in disk form and efforts are continually
made with the aimof increasing the areal recording density, i.e., bit density
or bits/unit area of the magnetic nedia. Conventional thin-filmtype nmagnetic
medi a, wherein a fine-grained polycrystalline magnetic allqy |ayer serves as
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magnetization of the recording medium layer can subsequently produce an electrical response in
a read transducer, or read "head", allowing the stored information to be read.
[0007] Efforts are continually being made with the aim of increasing the recording areal density

and signal-to-medium noise ratio ("SMNR") of the magnetic media. In this regard, so-called



[0007] Efforts are continually being made with the aimof increasing the
recordi ng areal density and signal-to-nmediumnoise ratio ("SWR') of the
magnetic nedia. In this regard, so-called perpendicular recording nedia
(recording nmedia with a perpendicul ar anisotropy in the magnetic |ayer and
magnetization formng in a direction perpendicular to the surface of the
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prevent magnetic interaction between the soft underlayer and the magnetically hard recording
layer and promote desired microstructural and magnetic properties of the hard recording layer.
See US Publication No. 20070287031; US Patent No. 6914749; US Patent No. 7201977. The
interlayer may comprise multiple layers forming an interlayer stack, with at least one of these
layers preferably including an hcp (hexagonally close packed) material adjacent to the
magnetically hard perpendicular recording layer.

[0009] Magnetic flux ¢, emanates from the main writing pole of a magnetic transducer head,



[ 0010] G anul ar perpendi cul ar magnetic recording nedia is being devel oped for
its capability of further extending the areal density of stored data, as
conpared to conventional perpendicular nmedia, which is limted by the
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[0014] The substrate is typically disk-shaped and may conprise glass, ceramc
gl ass-ceram c. N P/alumnum netal alloys, plastic/polynmer material, ceramc,
gl ass-pol yner, conposite nmaterials non-magnetic materials, or a conbination or
a lam nate thereof. See US Patent No. 7060376. A substrate materi al
conventional ly enpl oyed i n produci ng magnetic recording rigid disks conprises
an aluninun}nagnesLunl,AI-Nq) alloy. Such Al -M alloys are typically,
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[0019] As recording density continues to increase, it is necessary to nake
smal l er grain structures to naintain the nunber of magnetic particles in a bit
at a simlar value. Smaller grain structures are nore sensitive to

non-uni formties such as ani sotropy variations within grains, and also require
hi gher ani sotropy to maintain thermal stability, thus adversely affecting
witability. Therefore, there is a need in the art for a nmedia with inproved

wr i t abig*Fhanes sauRledusteraily eBrecconBpucns fayshet tegrepmpriging Rgpaie Ry Naingdr ity of
proper trbl%ﬁvelg@(gg%eré‘% o?'a'Ha?éHal B fg%ﬂ&le%gécgfma@ﬁa&éh I JRioAaR] RY @

recording layer including tlu-ee or nore magneti c Iayers to optimze
magnet iferrpangragtatscoupted texteniplre gtdBulRatagat (cFmpERin 5 64nzrleml thiavieg aaelhfivedy or
bottom malﬂnetl .C. Ia er wit ositian sucglgas CoCr4 2]8 12- 25(Ti Q) 44,

that i fbEhEREECTYIY &) ?F’ﬂteﬁlﬂgﬁ]i‘ab@ﬁl VRETHEC LY CEMPRRFEZ PO OWNER And a fairly

hi gh Ptre@d?ﬂl(ﬁg M da@irh @8nfi Rrattingd N 1:AQIcE PR Yhe ikeEortiRUSESMASRlic XRPRLE, upper
magnetic | ayérs) may have |ower oxide and Pt concentrations, and may contain

ot her elouplentith eagh grain g téle geanutap hpidipagnetp éaygeuwugﬂath{éormlegiwemsﬂb and

i nmpr ove ) itabili Ly See. {i . 45. However, elenents
such as™ an§ﬁ§°‘l§)1% %O%ll)osgel n@&dﬁ d@ged\lfe tsucﬁbgg%:t acki ng faults that can

degr adqoond]f ameistilystte P t@REIT Bsk-sHdpbd 88l By s@hpieRYel@Rkekdniict glhdyeceraaiidct i on of
SFD, the narrowi ng of magnetic transitions, and the inprovenent of nedia

si gnal Nlé’l%n%m,aﬁt% allenRplastigpPyimer wateriah cgmio ebsoeolsso. copyitq In vi ew of
t he forrﬁgc%aﬁgnoﬁ Bﬁrg t?ﬂlfnz?t%ﬁal@ Sila ?hbﬂ%‘% no%léngﬂast%‘ﬁ?é}ecﬁ?%%g s{‘ﬁa

particu y perpe recording nedia, and system fechn |ch are
desi gned60d7d. uhchbsone! rhgztelpailmnckhuanﬁl@ngeployecbmrlﬁcﬁddcmgandgrmat i‘@:foffﬁﬁlg)ﬁgld
enhancepents as conpared to conventl ona| gr]ior di ng nmedi a and syste SUMVARY

[0022] ASHECTETISH BEBAURemasrstah (DveMed AEOxs Vel al—prapliersrahgica ly
di sadvae%c%fe%slggﬁa@@d @ftﬁq uye} Br Q1P Sitd MPKABRIRELHSGut 1S GAEDH O fhdkele Eructures in

order to inprove witability while reducing defects so as to obtalin nore
uni f or rhanhxgsm@ﬁ the prtopeates, |tbtsrel$§upﬂovai$ngm$lﬁtab}¢1 sgarfhcregﬂwr aoiidoty topyovitkiheand narr ow
swi t chi n(g]‘flel di strhbutlotn Eﬁ]ﬁ nts1 d‘?e |nvtent on are directed
o mmorBT it Bt Pt B HAR. ToaS P EH AUE 5B Beic BLR°GH SPeLORA R med o
| ongi t udiAed, typredy FoRPris®d Rss Hhis sk 200 hkkom8¢RS dﬁ@gay@fdifa,mamtorraqﬁétgr ned
media, filter media, or heat assisted magnetic recordi n% (b MR) nedi a.

alloy material such as Ti, a Ti-based alloy, Ta, a Ta-based alloy, Cr, or a Cr-based alloy.

[0015] The relatively thick SUL is typically comprised of an about 30 to about 300 nm thick

layer of a soft magnetic material such as Ni, Co, Fe, an Fe-containing alloy such as NiFe

(Permalloy), FeN, FeSiAl, FeSiAIN, a Co-containing alloy such as CoZr, CoZrCr, CoZrNb, or a

Co—Fe-containing alloy such as CoFeZrNb, CoFe, FeCoB, and FeCoC. The relatively thin

interlayer stack typically comprises an about 50 to about 300 A thick layer or layers of non-

magnetic material(s). The interlayer stack includes at least one interlayer of an hcp material, such

as Ru, TiCr, Ru/CoCr 37 Pt 6, RuCr/CoCrPt, etc., adjacent the magnetically hard perpendicular

recording layer. When present, a seed layer adjacent the SUL may typically include a less than

about 100 A thick layer of an fcc material, such as an alloy of Cu, Ag, Pt, or Au, or an

amorphous or fine-grained material, such as Ta, TaW, CrTa, Ti, TiN, TiW, or TiCr. The at least

one magnetically hard perpendicular recording layer is typically comprised of an about 10 to

about 25 nm thick 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.



[ 0023] One enbodinment is directed to a magnetic recordi ng nmedi um conprising: a
first magnetic recording |ayer conprising one or nore granular nmagnetic

| ayers, wherein this first magnetic recording | ayer has an anisotropy field of
about 10 kGCe or nore (this first magnetic recording layer is also referred to
t hroughout as a "hard," and/or -granular" and/or -bottont magnetic recording

| ayer); 8 second magnetic_recording | ayer conprisiqg one Qr nore continuous
magnet i[@016dy &}sthe gereational meélaé&%ﬁasq%@ﬁé?% FWEBRUNHGNTHY ¥ PAE a | over

ani SOt I@Rohlclnth B%Qn&iaﬁér (R B flyeSoo AR (6r LREQT Blddfed YRS cdbflirg second
magneti c recordin ayer Is referred to throughout as either a "soft,”

- sem - sodustry. Theme-thiaimderval, senponts dhdenb-ispuaus soch ads togdureghertds cchaeesds, di ng

| ayer); and a yertijcal exchange. couplin or _exchapge break) -exchange tuning
| ayer - BARKEEN TEHE R SR SUETA HGHECT CPRBCOT YD SBPSoTBRET or abl v, 1 he
exchang@yirbith&fs.| BYREvGONR d &8mah chigds beldTeh AN Giditudal RY6ingdl teabhinb kbl vy,

t he exchange tuning |ayer conprises one or nore nmagnetic |ayers. Preferably,

t he ovendlof itprlifpiiend & andodustiyntpnderdiin spapitichippicatiagemding o ghysicaldboiis 3- 7 kOe.

I n one odi.nent. the cond. (soft/sem soft/sem -hard) magnetic recording

| ayer COeT T AEEVty gkl B AR e R R ARl B TR i her ami <ot ropy | ayer

bel ow, [80L7]a PegiehiliciRE ey 61 thaladhee hbh® hatareplaged loagRiidindedes abhyny t he second

(soft/sem -soft/sem -hard) nagnetic recording |ayer contains platinum (Pt) in
a | onercoptcanelptedirenerding aprlisagonsadicppidnue the moyenarfrier aid evet BCERapge REgkr |

Prefer . I : i . : |.S el d of
b ) A e R R e T S o g
a cobalrhedih hioyrecpidaty tacimol dgriotess wall devdlepad thdir dhfavets of kingabdinl nediexagonal |y
cl ose packed (hcp), material, an oxide, a nonmagnet|c Co-oxide-Ru, a Ru-oxide
gr anul dF¢ éﬁ?f%rlsﬂoasém oo coel RO us! JUMPLISES ¢ BERREICUMS HEBRNC - s, or
CO”b'nQ%&9&§,R&%ﬁ@@%yjﬁaﬁdﬁé%ﬁﬁ&ﬂ@mﬁﬂﬁhﬁ%mhﬁxﬁﬁdH%Mnﬁ&g&ﬁﬁﬂé&ﬁ§k§£_”By have a
| ow magneti zation orf be non-nmagnetic. Preferably, the 'exchange tuning | ayer
conpr i sempigtelydewelopralt adiopkimizedahar dhasbrrespending pomgongnaniiloagithdayadr s and has a

t hi ckness of about. 0.1-100 angstrons, abo 1-50 angstrons, about 1-40
bnget  drerding SRnGl92i AR A Seb ROt aDs gins ol PohEgardaglt 4%
angst r afkem@Ni-AvRIES SicHIk e . 8 aldabAtdiR4 RGNS FatehRNark MetticOl (AReets. 0- 100

emu/ cc, about 100-300 enu/cc, or about 0-300 enu/cc. Preferablf, t he exchange
t uni ng [P818dr High dessidly pernggdierlacrecandingomedie retying catefid gontgolpag helanee eforrent  of

about ZSQ:\Q NEY /n% ic Oforple{ 23 'inc[h?cp {%1 hi'gﬂ %'I[I(?ue%rl:l %?s%?rgi n?onf':[na- I tHfi:rgn%? %teﬁiﬂiiyoan n
exchange uni aye at ' 1e esTvertica COUBXI ng between e irst and

second gxa@aabiliey wek amidhg adiaiteiesd; 10% Bt SOGsitdhig fi€d ts bblSwERDURY bl el
coupling. Preferably, a recording nediumaccording to enbodi nents of the

i nvent ihsad:Hats a4 exghangesoupling Eny pepuhée magtain sppllcpaplafigriopehidetpitfared to a

medi um W : o i : 'ggq%-' - di - met hod
for redﬁ%%%&pgﬁ@ﬁég%ﬂggxiagggg$ In B&%ﬁ?ﬁﬁggqu%tro dgﬁﬁ%f§%§g§gﬁ%ﬁ8§ t uni ng

| ayer . (BFB);emdlryin-tegrage onidomdtynechhapgmeac poipditieg suféicenmbodhaieaisthedndl he

i nvention_ has hit error rate (BER) gain of between about 0.3 and 1, or
betmeeﬁ“ﬁﬁ&ﬁ@ngﬁgmgﬁé3éfg'decade greater than a nediumw th no exchange tuning
layer. [hORA6IAREEIBMBRetsityl HRHARSI® %c@&saqpfs%@ze%gﬁgwnage LRaifiedi ment s of
this invention exhibits a‘remanent coercivity of about 1-7000 , about 1-5000
Ce, abotiuctbres00 nadeain dhoum30 0 1EROGIQeytideointa IB080-sH0d Ghye. Symalter 4000- 5000
Ce or about 4000-45000.CE.5100%§L Anot her _enmbodi nent is directed to a gethod
of manufSERIRFIFG A EGHEYT I TSI MY L A RE R Y HER RS P ITSTTRIGS an

deposi tdlfddeguifOtibhdrRaR6trby WHShtadY @errhaddabil A, (BusSaRetsEBl #iecHOPRSitALIRG. @ first
magneti c recordi ng | ayer having an anisotropy field of about 10 kOCe or nore

over t hhegifpre, theeerigiameshinghe pit dor ammgdhie Wit impeovedi wigtabilijieanddewpr defesss tnie or
nore granul ar netic |lavers: d i ting an exchange tuning | ayer over the
first &%8%3Ff§ﬁ¢g§§%?SﬁﬂgggwﬁnPﬁgﬂgigﬁgﬁgg'tuning | ayer has a thickness of
about (Qo02U] SogstduerBt FERpend@TRI ir&Rsdiag nleeRSIMEOEa cardih@laysmigoRting thayer; and
depositing a second magnetic recording |ayer having an anisotropy field that
is lower that of the first nmagnetic recording |ayer over the exchange tuning
| ayer, wherein said second magnetic |ayer conprises one or nore continuous
magnetic | ayers. Preferably, the second7nagnetic recordi ng | ayer has an

ani sotropy field of about 15 kCe or |less, or of about 12 kOe or |ess.



[ 0028] Anot her enbodinent is directed to a nmethod wherein increasing the
t hi ckness of the exchange tuning |ayer increases saturation magnetization (M)
of the exchange tuning | ayer. [0029] Another enbodinent is directed to a
magneti c recordi ng nedi um manufactured by the nmethod according to enbodi nents
of the invention. [0030] O her enbodi nents and advantages of the invention are
set forth in part in the description, which follows, and in part, may be
obvi ouLTRYECOMLDY deagetiplayens (o BPURHLG MAENPUGPHERCIER HoF REAPRIS LS RUCHF t he

i nventi-om, &l cl%'s:cr%§g@irﬁ-qr%ltt9ﬁ nl4dhefid FYRERith 983hbodit R Ls %@PEZOP@E nd

interaction between soft |ayer thickness, swtch anisotropy val ues,

verti cal5S(Ei@uplib gt imetudeenfdidy dighrdidkofdurhaperentade far lmgHex and a &gdy Highd’tnedi um
[ 0032] Figure .2 ge%ﬁ(ﬁts.one e gt(rji g%snt (gf a magnetic record]ién% maditljm

conpri sﬁOngngag?% R hogh spEoRY | RIS APE Eor BRERENJRPY MHEAT ByEr) REhiRhi ng
CoCr RuTb§Rr lidCafd Pbsh&n b NadPRa eSSl fthdr @EPHN 0 ol W/ & 6 @RS | Sing B or
Pt and above a hard magnetic recording |ayer. The hard magnetic recording

| ayer iexchangt eputling, yeduca Sidaemddmerovarviitabidity. a\eerUS Bublicarion ¥gbsd(780e434A. car bon
t opcoat,,may al so be depasited gQver the recordi.ng media hard l.ayer. in certain
enbod TP p o tiEg 35 LR BERE b0 RulsHE &80 TBRaF oPEhfs K imdt frtg

per f | uateopak yigifbefity ofSprbpertibiesuchl epasiidtegyave lintin@e eatubasn bopEmahe [ 0033]
Figure 3 shows results of an X-ray Diffraction spectra of nedia with versus

Wi t houtNagroVNEHefgBRgNSHE tamyitinse pichie impioy pigentpy aredipeti gradrio-npise Frdiod SRR
sof t / semd papfdatiSS Mo BedcdopRgpet i ¢ recording layers according to one
Pt . .

enbodi nen
[0021] In view of the foregoing, there exists a clear need for improved recording media,

particularly perpendicular recording media, and system technology which are designed to
functionally provide a range of benefits and performance enhancements as compared to

conventional recording media and systems.

SUMMARY
[0022] Aspects disclosed herein can overcome several problems and disadvantages associated
with existing magnetic recording layer structures in order to improve writability while reducing
defects so as to obtain more uniform magnetic properties such as uniformly high anisotropy (Hy)
and narrow switching field distribution (SFD). Embodiments of the invention are directed to
magnetic recording media that can include perpendicular recording media, longitudinal recording
media, discrete track recording media, bit patterned media, filter media, or heat assisted magnetic
recording (HAMR) media.
[0023] One embodiment is directed to a magnetic recording medium comprising: a first
magnetic recording layer comprising one or more granular magnetic layers, wherein 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



[0034] Figure 4 shows Kerr |oops of nedia with and without a 15 A thick
exchange tuning | ayer between the hard and soft/sem -soft/sem -hard nmagnetic
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 CoCrRuTi 02. [0036] Figure 6 shows nornmalized BER responses as a
function_of an_exchange tuning | ayer cgggrisin CoCr RuTi O>, [0037] .Figure 7

* Gg [3 %9 <C 29 ¢ ?9 ¢ bl
shows dCTER (QMreRehPRE ASHBET 3 S08r disHi PRIl aSeaTBEYT niFePrlt hePnipeEsnor

descri pid o, £aRORHREIL 1a%89;3e§1h ag\@egtli’d’a? eﬁ:hbh%eé@{ugﬁ%% ﬁ)r%gi@l%%é) breat) exanpl e

met hod of formng a recording nmedia accordi e present description.
DETAI LEEx&EsgRiuRTHOhydr0 089 jcctdeHangmdsoupldedageniposotding BES. Rraterablyr thet ur es

can inprove the wjtability of high anisqtro netic layers, An ECC

St t uct (e IEe b S omaites HrghsT SR yars R AT CTb Y PRYRIARETEL | east
one | OVigYer@aBinpALIsQARY ok RS mABhGR 18Fe8s. Vbt A, |iie S%ENAREBNGRUBIRGinEhr ough the
interface between the layers. It i's known from nodeling and ot her

appl i can¢diwm exBibeth a ggerhivefhi of ey - pkQelu bt oneergirhodingeniathe s¢cand (softisgmiver y hi gh

ani sotrQ "hard: | ayers _strongly exchange-coupled to | ow ani sot.r. "soft"
Maver s Sremr it reBileRtiRd e S FPARE SR i B TR DD BABERE. The hard
| ayer vididoopfiagtidbelditandiagdontiRgsuiBdyes hibdiel thé ¥ranti@nryer. , Préfefdbl i ehedeb oy
typically used in hard |ayers |imt the anisotropy of a |layer to bel ow 30 kCe
(ki | o- detypeapisyoft/sed-hiard) paspetioipeiding laypicoyans AtanMoys in@ Ipekow about 20
kOe. F Lt L& IS ayers be
reIati3%*§§%?8h%ﬂ?ﬁdggﬁ%%%%%??%Fg&ﬁkgﬁc?é%%@gg%ﬁgﬁea ggﬁﬁﬁq%%Q%%P%tain t her mal
st abi | ihygnefibtordifelasafias haysik6tsdpyefigid oy stebut 6- 12H&®Oeri or art in such AFC
magnet | ayers have been limted to relati thin |ayers having

relati U@?éﬂ ﬁ%&g'eg 98t FEe v e mEiRE aRRsiset frba tswbvaﬁ'r%%%la%%?’ f9oessence,
oo ST, AL SRl LIS gk MY B h htsehhny
magnetic Co-oxide-Ru, a Ru-oxide granuiar material, CoCrg0R0555(Ti02) 412, CoCrgsoRu,.
40(8102)2.3, or combinations thereof. The exchange tuning layer may be magnetic or may have a
low magnetization or be non-magnetic. Preferably, the exchange tuning layer comprises
granular material or at least one or more granular layers and has a thickness of about 0.1-100
angstroms, about 1-50 angstroms, about 1-40 angstroms, about 10-80 angstroms, about 10-25
angstroms, or about 15 angstroms, and a preferable saturation magnetization (M;) of about 0-100
emu/cc, about 100-300 emu/cc, or about 0-300 emu/cc. Preferably, the exchange tuning layer is
weakly magnetic, and preferably it has a magnetic moment of about 200 memu/cc or less.
[0025] Another embodiment is directed to an exchange tuning layer that reduces vertical
coupling between the first and second magnetic recording layers, or methods for reducing such
vertical coupling. Preferably, a recording medium according to embodiments of the invention
has a smaller switching field distribution (SFD) as compared to a medium with no exchange
tuning layer. One embodiment is directed to a method for reducing the SFD of a recording
medium by introducing an exchange tuning layer. Preferably, a recording medium according to
embodiments of the 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



ani sotropy of the conbined | ayers can be maintained sufficiently high. [0040]
However, this arrangenent - made up of strongly vertically coupled hard and
soft layers in which the -soft"” layer's anisotropy is increased and its

t hi ckness decreased (resulting in a thin sem-hard |layer) - |leads to decreased
witability. Figure | shows the interaction between "soft" |ayers of five

different thicknesses (between raﬁ] nd switch anj sotro (5) 6Hsvm ch)
over t HBMARRNS 6OFBNYFY Of ébqalt(lﬂQPO Oﬂaéb%tlé#)&@ ah%ﬁeltqo%aq aheYt NeY %9

mai nt a'(ﬁ’@%@&t 3006 7@6(‘9'()%%50% 4@@?50(}?)“05 &eaboﬁPﬁé ABice. i n this experiment.

[ 0041] The progressively thinner soft [ayers are shown as havi ng respectively
i ncr ead0RHwiAmoithea pindodinoepi fssiuantetdttchalmedmdrcéananmgactmmgwmagmnb lretc;ord)flgt he

recordin.ss tthesane i e, W||tbilit a oupled to
g T et N v g AT R T A e
bet wee rHebBﬁuﬂlg'ﬂlé{ f8f®m etﬁh@%din@ 153}'@9 Hh@in % an Qﬁfsbtﬂ@ﬂ Y84 bf Q@Hut ¢OUPLIoRehosd r engt h
for maxi mum wite enhancenent varies wth sof t/sem soft/sem -hard | ayer

ani sot roopythardd/le, hihskeie sgd (irg ofagnetiersendet lnyervanmpressems)or mige eeasiang as ei t her

of these va u e enden of the coerciv verti cal
coupl | 15208 R gl et BB AB faniones MBS R TS s aiei B Hrivtitdeac « ne
sof t / hasxehdnay @irind Ry&rHasaehicligs bf ft@wit oﬂoﬁlaggm@nﬂs d@RbEpribéreat @hapﬁnféence of
remanent coercivity (or switching field) on vertical (or interlayer exchange)
coupl i rEaUlarHBaenstic tayps RA deROSItE FrFEeRAd IBaBISHS reserdingpayeichaving Henisog§ery) . A

| over Gpey ﬁfaYlFtlé’w%ftP%tyd%'tﬁeafulls)’mqgé dtlc s or&’ﬁlé‘i’egfek H%Ptﬂ@&&ﬁ&ﬁg% tgﬁﬁg'iaS}epg

per f ormance erent 11 ne I gur correspon ent thickness
of the wisoéih' salﬁtsecpjndnﬁ@men& tayeemm@segorheamenm(e&eeuﬁdmas heageetit layers.he plot).
FromFigure |, it can be seen t e mnimumcoercgivity is achieved at

di ffer ﬁﬁfe@mé@e %Fow%mégnqﬂay‘a-‘ror@%iﬂyphlg%faaran&mr%x B of ﬁbwr%gé@soré?%t he soft
magnet i & Jre6Qdb el RY&S: |'n this exanple, where the soft layer is 5 nmthick,
there is no -mninuni coercivity value at a specific interlayer exchange

val ue, [BO28]r drtveher eobediciont sydiiested t@adicthodmliantiaiimeehsatg the Hovknesd efehat | ar ger

interlayer ex val ues (caupl.i Ther.ef 0 |n ernedi.ate | ayer is
nocess SGHHEE CRRERYSaRH ChsS EHREON rspetoabih Agor et b UK DS ar of -t he
exanmpl qoeBRi A Rehdr Bnbbditct &-difdBtel A& a alabBEL B dinfe Qﬁecﬁu&hﬁﬁu%&f&red Byef (for
exanple, the 2 nmthick layer in Figure 1), coercivity achieves a mninmumat a

| ow valmethed acgerding ol englngpnenig) of tha inveh§owase, 2 er g/cnR). [0043] It was

sur prl ﬁgﬂﬁhy (?t ésrce%l eOrdlel’ldletg]gl’tlda antag %%ﬁe 1NVEN {]Ol’l ar}t er I%II aﬁ;ﬁaartl 1%¥§C bet ween the
hard a ower anl SO ropy magn I C recording a ers ol a rragnetl C

r ecor didegeripidh Whick €s1dve kn€ LRI, AGy Gewbdioae fragh tuﬁ;td%@lcri@loa,c:cbu B¥EbORh @

coercivity. ) ) )
from the practice of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0031] Figure 1 shows the interaction between soft layer thickness, switch anisotropy values,
and vertical coupling between hard and soft layers of a magnetic recording medium.

[0032] Figure 2 depicts one embodiment of a magnetic recording 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.
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[ 0044] One enbodi ment of the present invention conprises a vertical exchange
coupling tuning | ayer (-exchange tuning layer”) that is inserted between the
at | east one hard layer and the at |east one soft, sem -soft or sem -hard

| ayer to inprove or enhance witability of recording and/or storing nedia. The
exchange tuning | ayer preferably conprises one or nore granular and magnetic

| ayers. The exchange tuning | ayer increases the effective volune of each of
the madR®dlc Figur Ashows resulptnagfwinhiftmeion et ehvasdia @nthversys ithruimhisi cal
magnet | 6,0GHs{ ) bRk MAHIROH b D TRORS! o K SEALAL Ny Mfitierd Hign&Change

t uni ng I§yer t erefor§ increases the thermal stability of the recording |ayer
st ack bycayging hayersragcotdimgctowpk emdpodinreangt h bet ween the ferromagnetic | ayer

airs. referab anyl ar nature of the.exch t.uni ng | ayer. al so al | ows
Pl & oD e A by ke ot Mt ot i RSk bt han b o Tayer
whi ch paRIEAREY tOTiRd h&eSorBlentifdfscRNBafiiAIMHAE rdBBERE jaGers2a@brdid B4k The

exchange tuning | ayer according to enbodi ments of this invention optim zes
coupl i regntedimend of AFOnertibnand sof t/ semi - sof t/ seni - hard magnetic recording

o b 0] BJRERaaPy™ R A R R ey P B LB b L P R s SR, e =

sat ur atlhg comgrshp CRORATIOYE) fiel d: when there is no exchange tuning |ayer
bet ween the hard and soft/sem -soft/sem -hard magnetic recording | ayers, the
sat ur atl003p]f iFaguae f showenarmahzehBER regpoptgeds fHBNGHOH 04 an S¥chapge aping laXgien an
exchan 1] .qccording to enbodi nents of the invention is introduced,
t he sagﬁpg¥$g%q?#g#§&g?%rts to be reduced and reach an optimal point for

si gni f i[0837]| Figurpl clivwga disk tdaibe i titich Heovedieg medar csildaigl td tiepiesdoen not to

i ncrease the thickness of the exchange tuning | ayer to the point of isolating
the t oWSHdgiionican Pe¥ddi ng | ayers. Such isol ation between the magnetic

recor dijgadayesio S OMRIAMLS&Bs bl SBAMAL hEuBlloH fliffy SlecBrdMOARI G BEREI NG
devi ce and "'does not allow the magnetic field emanated from7a magnetic iter
head t gopenmtseat desthptough t he soft/semi soft/sem -hard | ayer to reach the hard
| ayer and record onto the nmagnetic |ayer stack (conprising the two magnetic
recordi ng | ayers, and the exchange tuning |ayer). [0046] The hard nagnetic
recording | ayer may be deposited proximally or distally to the substrate; the
soft/sem -soft/sem -hard nagngETgJLﬁgpbﬁgggubqygﬁlnay be deposited proximally
or distally to the substrate. "Bottont and "top," as used herein to describe

t he pod003Unibxghofeetchepled awkpabittrbO €Y nicrosostwenepn ispers thé wrigabolitgtiofigigiedi a,
refer to.-proximte" versus "distal” to the substrate, .respectjvely.

br ef r 015 TOPRRRAT F5or A EQurrt Smpsie g Bt kb eRn b ifisdianse)
”HgnetHﬁyﬁ%ﬁ@ﬁtkﬁnbh@kﬁﬁﬁhH@b@QﬂﬁhﬁﬁRﬂﬁﬂQ&evwhkhﬁyEﬂﬂmﬁ?&&&ﬁ@ﬁhﬁﬁﬁ%hh&enl-hard
| ayer with a relatively |ower anisotropy than the hard Tayer is preferably
deposi tin@grfa¢ssheswesn the layiees. Jubsdnpwndronpmefielingning othdyapplidatiosse richsasthighseni - har d

| ayer is deposited over the.ex nge t.uning |ayer. 1.0047] Preferapl t he hard
magnet | SRS SRR Rl g FLRSO PR R b A bRt on o

| at er alcoaplet &anBey SALHMHIPNGsENUagaRPiH S gsifiaintlygadiceanefigd apededrto BRgoebt ¢ | ayer.
Exchange coupling is preferably controlled by form ng non-ferromagnetic

mat er i alVTde tRdaBHaarhilesnyeidehhigh drrampkstphility devengpest EPradi¥ynet i c

mat er i A f | [ Pt i ni ng
R B S s G R LS SIS
and B tio ngimgicombowhdanplesed ChallGps wdrbenbbait 20 kO¢aFusgberh tinesivablbehay it n
center and the grain boundary such that there is trapsitigon from netic to
non- magheree s qfiﬂﬁﬁ@%%@ﬁ%@@@?ﬁ%}ri% eFﬂngﬁ@%é ahrecording bk ans Bt by
changi ngiRaAMBIS StaBHEP @ﬁmﬁﬁﬁs@ﬁléﬂg??mﬁﬁﬁgéﬁﬁﬂﬁébﬁ@ﬁmﬁﬁﬂﬂmﬁﬁ&(ﬁ“bStrate
tenperature. Non-ferromagnetic material can also be fornmed at magnetic grain
boundarmametardcnglisgplay¢rs hadepresilinicd tofrelGowely thomtagemihaginglrélatyrelphighow
tenperature substrates, by addiitjon of a netal oxide to the sputter target or
by reac@ﬁ?&ﬂ}y_ B&f&eéﬁoh‘b“’ ﬁﬁes?ff&r S o SPthTercgascont éFW'ﬁﬁrdo Fgent
Exchangs ugqriRlatively High AE&Rropedk @ompare@ S fyplchEhoRtY 158ANGoNBatRRe M@at&@r s such as
sputter gas pressure, oxygen concentration in the sputter gas, and oxide
concentration in the sputter target. In accordance with one enbodi nent of the
present invention, about 50%to about &20@60f the total anmount of Ti O present
in the magnetic alloy layer is segregated at the grain boundaries, or
substantially all of the TiO present is segregated at the grain boundaries.



[0048] Co-alloy hard | ayers enable an ani sotropy in the range of about 12-24
kOe. Preferably, the hard | ayer conprises a nultilayer structure such as
alternating (preferably thin) layers of a Co-alloy and a Pt-alloy or a

Pd-al |l oy and preferably enabl es ani sotropy of at |east about 20 kCe and above.
Lateral |l y exchange-decoupled mcrostructures limt anisotropy to at or bel ow

40 kOe. Preferaply, a multilayer structure coupled wth an exchange tuning

| ayer FOEGHAPRE! @15 cembBat Mistscageipirtaingg suiicsAt e Rl es opti mi zati on of

ani sot I I t i ials
oot oy a0y IHber OARMR Ron: L RRGBLEor GRGISH Wrlikall 18Pl FRARAL! G TRIGH

CoCr Pt Bn vwamichRbPt ‘st layercsranmonbpy]atm@‘nged hed gofhicknessateotdasd (eﬂfBbbllhlgl’IE atthint he

har d bout. 2 T T).. ,0049] |
o R bt a5 a9 o B AP s o e oS g e S0 E oo about
50 to 1@§%‘?§J§f ZR0diffetcnt Slfcknayes (b%)w&il IQQn bAs §(i11n§|é%1@¥6v§t}h hrﬂ%tl*ﬂiiiyr(glswnﬂl o%rvm{/\?

el ements selected fromthe group consisting of ,

No, Ge, theBamsmm)pB’cfleld b ﬁh@ pateiagopmagidtitedon (M. )ammtatméqm@rmdaﬂ mﬁ(cc fohe hard
magnetlec thlr 391 % I G rlersr%g a (CoX/Pd or Pt)" multilayer magnetic
super - I P tYucture, IXB AP an i nteger from about 10 to about 25,

wher e qeoﬂ]ofrhreipeog&bgsﬁrenathmmgr §d1it Ryéra YRy ho@h aChatias eshpsaBeBtincre@dedayiteh t he
super-lattice is from about to a%out 3.5 A thick, \Mgere is an el enent

sel ect é@lSPFr@P#\e@h@@%G‘%Pr@éﬁgl@? wiigabality of thergeorgingysterpy Atwewm@e and where
each of r to about
10 A th‘?]ﬁtgﬁlhgné}e%ﬂa?f%?@gr E(?Jp miﬁietgglﬁigggl%? ﬁlgulrﬁi\(;e}L e?%/ %n %eggggr{%ﬁ%&b IF(l:lwr?lecor di ng
medi a oenicail coupling bemgoe thedagrs.oxs hlam'vmgl Egﬂb lcoptirﬁﬂtveeticallébdpong@tratg,th % e.g.,
15 to 25 at.. % and 3 to 8 at. % Ti (2 A practical magnetic recording

| ayer HQUMAZTHN afﬁit%ﬁ‘thaaifynﬁtnﬁé{%ﬂfisswuﬂbv&?évseemasﬁft@ﬁ@e e Taves RRPEORN AUl ar | ayer

has a thicRENesS, TheARRMLIN h%&ﬁ@tex’szprde&e&@as%‘fﬁ%@&ﬂh@s@'v%ﬁie& ARYeaRds, t he conbi ned

| ayers to be nmaintained, this rragnetl c layer's anisotropy Is maintained fairly
hi gh (6[904‘23rrﬂ“élleeidp¢rmlenqpmfcth¢ cavRg ey Dlmaéﬂtlyal csoplung sayemplex mwodmeamnatosed 6- 12

kOe, us, desi gnat i it as t. . or sem - em -soft or
Som - hapansaomen o biafia st Faei Mt Qe Rbrrae. e JoenottE e LIZra 15 nm 1 ow
or evenjepadRhéd/6r éahhas c@ércﬂﬁ&@&rmlfcﬂir%rﬁeﬂb' SOk QRY (drhkbriaye® ekeagkdonal . There
are different conbinations of ranges soft/sem -soft/sem -hard nmagnetic

r ecor dicegplizg/@inepeidpknesees fr@tndlnmdtiOrﬁgrrp@ﬁ péaldil duthgrlegenis oM@W doareie g ange of

about -600 e _and a_ thicknhess of about—.1- range
Of Vertty%lc%h (?CSII‘FC?fOI‘O UIT1 m]a%netlcr COrdin %Per orma1nce T e%éfFretm hneis 1n% ure?

COUp I ng a ues I'mzatl on

enmbodi reeRtsponbt o BEERE! tclRbE61 Bé “ﬁﬂfm(ij@&zﬂgﬂetidﬂe&or&ﬁlfgtlay@ @s&m@ﬁsger@lron
sem - hard nmagnetic recording |ayer conprises a NiFe alloy. In another

enbodl rrBaiplot) Airem Faguae 1k sambasgeen that ﬂafrmwaﬂ@tqowwwris aREgvegrat Fihfif'éertthan about

Co051] "Bt f Miabchuitink fol #fycr BBRAE of nbso imndeRBSe LA th 2 o1 i ng
str engtthlswhamplenwhmahmmﬁglaylﬁss f ach thak, (heeeridho I“aymrnum”ocpzerqusw&lmit aas
orientati Q , .l ateral exchange coupling, uniformty and desirabl e ani sotropy

val ues. PRI alﬁﬂy?r % éngf?e‘ﬁé‘g‘&oﬁ‘éq et |08§réw|btaewaa3t{#¥dmln@m€d@f &I VHUE R nedi um
is st ahaﬂ LZ8ibrla géryé&ﬁéngervgmsb(&hpﬁ{@a%%f&@%fm{e%@m&h &%&EM}%W ai ned,

and pri ry verti cal upling control is provided by the nmedi um st tures
accor dithgktsoft emgoetinteydrs, sofh ahihs Sinmy @neki laper df0Eaniphe depectedrindd guert ,Ont he

exc hang[ﬁe E)tlfllgrl I?a%dl XSG thl?laégft?%;[e? I(f%lr< Q)?asrr?plg fthea oML thlckdiayer in E’lgure 1), coercivity
achieves a minimum at a low value of vertical coupling (in this case, 2 erg/cm?).
[0043] It was surprisingly discovered that by engineering an intermediate layer between the
hard and the lower anisotropy magnetic recording layers of a magnetic recording medium,

vertical coupling could be adjusted to achieve optimal coercivity.
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conprises a Co-alloy with a | ow saturation nagnetization (Ms) of about 0-100
emu/ cc. Preferably, the exchange tuning | ayer enabl es optim zation of
remanence coercivity (HCR), vertical exchange coupling, closure fields, and
wiitability. In another enbodi nment, the exchange tuning |ayer conprises an
all oy having an Ms of about 100-300 enmu/cc and a greater thickness (of about
1-8 nm &f span a simlar coupling range. More preferably, the exchange tuning
| ayer flAP4HeOnesmhodunentof heguefien | GreonReMpsiFe it FrEed GEEhinge cQupbng {YHi§ on and
reduct i19n., @fey ﬁg!}{ﬂ{iﬁ%g&zg’?ﬁﬁmls}inseh@@b%@ﬁﬂ&%ﬁéﬁ@ﬂd?ﬁh!aﬁy 8e1?a%ﬂﬁé &ES an

oxi de to enable i nt enance of |low [ ateral exchange coupling in the tuning

and/ or lsasbsehiodinséngi- shépasicmedatddygar(ts ymprome anathhece ermabddityrentecotdive @xiédrange
tuning |l ayer conprjses.a Co-all with the addi.tion of Pt or B as well as Ru,
or nepElnemedierts S e fign HstPGatiy cBRPHIesine Pt H EFNEHHON ment s. ¢ he
exchanggadndit RGelsaBe & OHIRLE B8R gﬂ@%éﬁﬂ&@ésb@th'e%ﬂ%é@ve e &BY eeBBPEHeSE hCp
materials that "do not include Co [0053] The medi um preferably further includes
a sof t megpate geinsrdlld mylaraifing thed relativély seal octualk phyaigel magnetohysics size

plurali of lavers. The soft magnefi c upderl aver preferably conprises N, Fe,
D e el Iy Bhot B Ranl®Bec e JRE e e B i e 5 SR e b  wiCo

N Fe ( RpaRaDYhbiliGPof the Zcordi@Naler stdoRByNptinfioing didNoupid-arenk e, beredén theSi Al ,

FeSi ALN, FeCoB, FeCoC, or conbi nations thereof The SUL is preferably formed at
a t hi cKREeRagretisdyenpiiss. Aguoraterabhegianypy jaturg of thetexehangetuniag ¥ysi alsdned on t he

soft u . . i rdj I LS.nr . i1 oned on
the | nEDErSoLs ExcinfPh il BRrk: B bR Slo et b TR RA b P PRICh 3

pl ur al ifryfemiblygccmnprseoft lamgosd gianatat mogidticandra pl urality of boundaries of
non-magnetic material, such as oxides, nitrides, or other non-pmagnetic

mat er i ipﬁ‘iﬁlhéﬁhe%ﬁ&n& B el ayFrAcHyd e rgERatimentiel dhis AIVenFARORIRIZES can have a
size i - : | hd LU RN i yer can have
a thi c%ﬁtelggn %?&?ﬁ%@éggélé%o%mfp Z(y}(é rr?%@gf[tgéggﬂ]ﬁa@%gg S@Eefra’go of tﬁ%érgs:? 4r%ct ure can be
conpr i dedctmh of dlrd exebangrttening layer’ Sthheknesst eWnthowrwishisg gebeb@indypyithedrpde

Ni P-plated Al alloy, glass, ass-ceramc, ceramc, Of O . hon-magpetic
e 1 angabibi o e bR B e SR b efon WS ballp ubRdhet
conventji ahakdnind finfigah Ry bbeH IRtha2d B BfMSMDSH @ hald BadRlit WeBling

gl ass-ceram c substrate. Adhesion enhancenent |ayer materials include tantal um

(Ta), tlayeanithawaguraton fi¢ld san beschighas trmeky @e medehirad mriable. CWheand caelvage net al s.
[ 0055] .The at | east..one hard.magnetic.recording. | ayer preferabl a n
ani sot 18 Sl FESt R ARSuMBRLEt I i FRLG LIRS GER RE ELEER elBiuR) Lo
kOe, and bpi@fueé@ldree@NRT dRBGal oint Tor,sidddican@y imf¥ovidpewrithBilit\Ni HoWbverRare V, W
Nb, Ge, B, alloys, or conbinations thereof Mre preferably, the hard magnetic
r ecor diHEUId Py ke pepio iseigascghe hadaress Af dhaexchppsci taning layer tetge fA@t Y t ri des, for

exanpl - i i 08 : - i j ,des
(Coay prity A b B2 o TR fEma LR, Shcn iRl G R Al BBl

cobal t -1pyeat comipromidea theunmagictid esudt@e R Aintgnetoltzabidighdevine s pload natattetvithani um
oxi des (CoCr.Pt.Ti0O), cobalt-chrom um platinum al um num oxi des (,CoCr Pt A10),
cobal t-r%fgélﬁl AlshiangeA Yo aggag{lw%ee caddgpgreiath ‘?Hg_ﬁﬁh‘b?oi{/?%ﬁzi Fconi um
oxi des s@%%%gdqzyerg@%l:ﬁ ﬂféh{a?cfr]a%? Datidny Bhﬂ%%@hfdgﬁ&f&'l% s{agp@ﬁﬂﬁs@g

cobal t - chrom um plati num ni obi um oxi des (CoCr Pt NbO),

cobal t -tbhvoninagraicaedonding bayeon awkihd escha@GeCrumiB0pyer).

obal t - @l')-l Iq.i IW | t M H | H - d Q- Pt . 0 b | t- t . i | i
cobal t- §t p 1’ i AOiE deﬁﬁ gbft}%_@l&l@!lb&ﬂ‘]ﬂié] |Ehéj %O{W a%r Ilﬁ£9 be deOSith proximally or
cobal t - E| atinumtantalumnitrides (COP'[ la and

cobal t -atielbniothe prbatriteuBsitemc ard rops iagase Ieern Sisnpibe tha@oeitianingef Hgr d
magnet i rding | I COnpri xygen..and/ or .nitr noin. a. centr.ation
T B S T I T S
at om ¢ Ubiterta beptctdllyatRsiceably, the hard layer is the bottom (or proximate to the substrate)
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[ 0056] The soft, sem -soft or sem -hard magnetic recording |ayer preferably
has an ani sotropy that is lower than that of the hard nagnetic recording

| ayer, or preferably an anisotropy of about 6-12 kOe and a thickness of about
1-15 nm and preferably conprises magnetically soft materials, and may include
an iron alloy, a cobalt alloy, an |ron and nrckel aIon, an |ron and ni trogen
all oy, a tantalum and carbon all oy , Zr, Nb,

FeNi , FBANNCEPYe m#@@ralndm%@slﬁgp%aa Wlméfg#lmsoftfeﬁlzr r@ét/se@izraﬂr%layarnwwﬁde a
nitridee G0 n?'léw&'aﬂis'oﬂ' U}EQ ﬂ’?éh% ha?d Fa?z@ﬁ' tpréf@rra dé sﬁleatdllsrt]éim @thdGibsate.
cobalt-chro l'atin tantal um oxi de, a co patrnumtrtanrumoxrde a
cobal t -Rrbfiecrlyy nﬂiemoau{senurmftlsemnhmﬂﬂwyar dsedepasmﬁdbaflet thelex omngerplnatd layery al um num

ot e oA B RS L3R S B S S TR Bl DU oo v
cobal t - Ei@Eh Witk At dxoR4ARE @B Iﬂgoc?ﬁﬂd:%mgﬁséfsoi?@éa%t’&J%rg?éﬂlﬂdﬂrﬂag%%h@la%rbor on oxi de,

a cobalt-chrom um pl ati num S|IIM| con oxi a cobalt-platinumsilicon nitride, a
cobal t -Fpchanggunenplingy's pegferablyrdogitrolied l@ofbammgcrmnofmrgmpgmucmﬁwmnt&lleum nitride,
acobalt Iatlgumtantal |I|cnn|tr|de

o 002 e Rdleh BRIk A MR Bl rontie BRAR G £ MATH T E3hbily TRlcld Rl

t ant al Lg@m(t&&i)epogiuén/@frcémm c6RRipaTe 116Y3 on @Lg'hdeﬁlﬁéf)ltur@mﬂ)s@ittaé bylpl@fe(raitiral The
interlayer may include ruthenium(Ru), Ru alloys, such as RuCr, RuCoCr, and

non- maghEesecdidypan of €k awd%{%wwéﬁﬁ ol ¢<3/Ccm§91iltﬁ4jloa VEHPS REtWPRNBAL sel ect ed
fromt I B
L& o e U SR GRSl TRLY SPGBl SRR
subseq wen’fplomudﬁ! foshtued doagled incutlayedia idcq@raiied by charpier goaneeanubleasappl i ed

over tr;(fg conti nuous magnetic | ayer, such as a_carbon-containin prote tive
over codt!, ANArICANCPREHIOBS AN R BIDSHHS (BRPEHIE dXPrIsEPEgANCSTRIEHA5RY alsq PR anond
car bon @Mﬁé&ﬁ%agﬁ@@c %ﬂdﬁf B&ﬁﬁ&ne%rcﬁnﬁ @B&l&%@gd&&&nﬁﬁéﬂﬁt@@rﬁ%m atllt&gEBl?RMmg”et' c
recordi ng | ayer. 8] The fol rate and describ exanpl es
and nortempgetid substminsr |bguda1tt1|oon£anwtztlr®mde tp ithre 51patt¢rdmrga801ttw ﬂadebscrl ption
herein can be ied or to the ap ended cl ai 005 e 2 illustrates
o exarphergr B Rrpdhin  borify b U HAGRee FRBRBIE R ST SR TELEH dance

W th ongneyRehy haﬁgﬁ puRSicidt Suchbk s g fer8s pRYsusdl RS} st @nbdiRtatibs iStabt abl e for
nmagnetic recording rre ia and preferably conprises a nickel -phosphorous Iat ed
al um nurresr gab mmdmrﬂeaionwtramnal e sputer begeimlcaccordagtawsh oae ampedimgnteef In
one ent{ﬁétl i)rmar}ltt iny2 1810 ab(r)mt%%t o°abd fj Fd()lQa ¥ {he(t()%ql‘z) n)[of i ppur'f[:ste% nqhOnto the
substra e "Under ‘ayer pre era nprises Mrom um or ronmum al | oy.
The i ntraidneyenl(sy) 1a§érL1§ sdgBggalid MR gi*ﬁiﬁiQ%luH@d’ﬁes ecsftsabsltar&ﬁﬁ afl ocfrhesrlajzlpmem
orientation base to induce the growh of hcp (for exanple, having a lattice

st ruct uf segifgaedeat {reomen hgpaddriesor i entation) in the subsequent!ly deposited
magnet i cqF di g (BAS u the film
pl ane. [%Jésql (LHO(%W 43@(5 glisa 61@%@% a F(gjh}pﬁate ?‘%fléfs%&?ggi;??gﬁgakgﬁrfpre érably
conpr i seshadhaygh csmpfiss a mdtblyaessictuoe suvtiue altgnating eqfaraalyi thim) layetshe a

subsequent |y deposit ed na%(r;f&ﬂ'r?é I yers The gnetic recording | ayers

pr ef er a9 VoHsha Bealloposa raadpEgferably gna ﬁmlﬁﬁmay whet astRaeY tic

layer () 1694 A GAMPELFER: DiblSled thi@BUArRANBIBNICSiBRbpy Rt BX6ABRAG tuni ng
| ayer (7) (which is prefer abI y granular) and a top rragnetl c layer recording

| ayer (16‘)6 (Rreferabdy, ammadnlaget stowture r:ratpledswitbmquhhagﬁ tuhang lafer nbwrdiog tom har d
rragnetl er timze r.e cor erforrrance refer bl ov.er coat
(65" F s <stlforkobfiReersh SniratitPul i ChRaRE daip FoBgutisrhdnHiEhoeo)
The pr Q;fo@rcm@ (ﬁ@ﬂapﬁfaghamﬁat@ﬁame @angascs bthpidsel @@ COEIPH st Hde a

Co- oxi de- Ru l'ayer, B 5(Ti ) 412 or CoCro-2012u2_40(Si 02)2 3. In

cert ai f-Aeb. KRt §0N1ﬁé @@Bﬁ?n@é Fe hfilhlj crrayélrou(anpnﬂw@grepf)v&nrmgﬁ@tl zation or is
non- magnat ly fmgn‘?pt%‘ﬂar’&qn g@’%%%%g 1%” Pk Gh ] a%buti?% rﬁor%kl%nlggo uning | ayer

has a magnet| RE or ess itents in the
exchandeo4aniingné ayibsdimént, fHeedt dragidne mrcomhgh&ua rgdoadiv b &dyes tdrbgrides @bout 50
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whi ch has | ess in-plane exchange coupling as conpared with a conti nuous
structure. This granul ar exchange tuning |layer (7) preferably has good
epitaxial gromh on top of granular bottom magnetic |ayers and acts as a
control |ayer between the magnetic properties of the bottom (4) and top (5)
magnetic | ayers. The addition of Ruto the CoCr-oxide alloy nodifies the
crystal structure of the alloy, decreasing the ideal axial ratio c/a

of
at omi ¢ '9pE¥Ytge A E%léw<$ HE?@é’éﬁf‘rﬁiga”é)t‘/é?é RIShY 1R Sefe OTARYE GIETREAE @leam Foi“il ng the
hcp e phaseupeprakitd Feri Re TheRi MPNASe; W, NoF8UB ardh Pd, ﬂ%n%ﬁﬁh@é’&%xﬁd&@' ng
llayer (7)"is shown as bei ng structured so’as to cover the nmagnetic col unmar
grai ns Io4adthef erhielimentdthe dyet magietih repading tpyencdo@isex ¢ (o dtarding | ayer over

t he grai oundaries (4b) which preferably conprise voids i itrides,
hon- oeaRae RS er SRS stpep e SRS EhEC pe FomRce} fodranght LORGHORAT S t ne
exchanggndrd! BidRG iy Bterdalth é Y 1&;@[’%@@5 ¥sel %ﬁ%hetﬂ%ﬂb tdn %&éﬁb@ﬂm&kegi ﬁrbﬁhs (4a)

as well as the grain _boundaries (4b) of the hard Iayer (4). [0061] Figure 3
shows tabeut histahont ?nétAath)dq arei X i ancal¢roent SXREpd §pacthe gravp avesistinaitCr. dad

ith | k ) di
w th o B R AR BE G S el MR oo Rl itre

f avor ahlpao@pbitaxi Rkhig. OE\ﬂhBocﬁﬁ%ﬁ@ of e fredehomvemphehéiade ﬁpagmlrdgecdr@mg Agdiaand top
magnetic recording |ayers. [0062] Figure 4 shows a measured Kerr |oop of nedia

with arf@EtRSEMageets oy tharige a Gr‘fPW@n‘l Hyldrte 30phJhet & Bpto Datt: Kertd Eif&ct
(MXE) Jregrghonetry neasures hysteresis |oops of the nedia. Coercivity of a
magneti c matefial is deternmined in this case by measurenent of the hysteresis
| oop or[00&(IneX pimati¢ad maghi¢ticerecdiibgdpyrahatiug at seidottapyahsius feevet iendhitaffler t he
hysteresi s neasurenent is typlc IIyFZSV|brat|ng sanpl e or altern ting-gradi ent

magnet grnuiThigyedlse RaRICkREt 8T Wost & Phle Foaf A1gcHEIaga 2BIsABRERTiBat i on cur ve)
Cr 0SSeSopfiRed 1%&@{% 1ROR4iG Yy thid ﬁlagmu@ Mylef @5&%@9‘3@& hﬁnﬁ&ihb@fahﬁy R ﬁwt in

the sanple, the coercivities neasured In’increasi decreasing fields may
be unecealpaesd ta typesal magoéthaﬂy“mfé’ﬂayfgé hichsis ebdwdr 12 IE(DQGBL}S dehignhtovgeit afl ¢ and

| ar ger slope inth of nediumw th a 15 A exchange tuni.n er is
ol at ed S ST Ve IoEk WARE RGTgs PTBl g Db REATORE BOvRaH eHArn i

pref er aRl¥vERARbOEI mldtmﬁn%wrmreeelgﬁ@gmlv@wam@sy&fp%)peaaféura@ @m@@tﬁ‘fﬂyy HyPaRe- sof t or
sem -hard and preferabl nmprising one or nore continuous ¥ers magnetic

| ayers futlcrt@nalnpﬂwemmfy ferpntepimbénatians efrtengds caneft/seei-yadtdiestithard nageatiacki ng
faul ts. diumw.th 15 xcha as. shal

r corgmgﬁ%yﬁ(r) BIEOPCI'UCS 1nﬁu§ n% p{sr dlCllﬂm 3 sotro%éé% CI‘&H%C of a%rutSE&)(f‘t% conpar ed

to a nmedium an exchan ni ng a er ure ows t he HCR,

r erranenmzma)ol@@andOﬁthidkﬁbs:{ o(fh'b(ﬁlft)l Emlmrzﬁmeawmﬁeaﬁgel drkegrsl @uplhetal(dd oy (M
nultlplled by t) responses as a function of the exchange tuning | ayer

t hi ckne§imizasiossf wifakihpyy ilh gnesabedigent thei megncty eratarigl epployed mrtam saﬁout 0to
about 4.pm..yef %én%%{ar& R%g.{lét{lqe&o%dl ng%ffe?goﬁl W ahQ e aﬁ&}_‘ C]'éf’;} reduction of

HCR and wi tabi ow opt | uctlon 0 Mﬁltabl|lty
embodiment, th1s layer has a saturation magnetization (M) of less than about 2 T, less than about

1.5 T, less than about 1 T, or less than about 0.5 T.

[0051] Preferably, the exchange tuning layer provides a wide range of coupling strength while
maintaining desired top (hard) layer properties such as orientation, lateral exchange coupling,
uniformity and desirable anisotropy values. Preferably, the hexagonally close packed (hcp)
structure in the medium is stabilized, crystal growth orientation and film morphology are
maintained, 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
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[0066] In the exanple illustrated in Figure 5, HCR is reduced significantly
(from about 5700- 5900 Ce to about 4000-4700 Ce) as the exchange tuning |ayer
(control layer) increases fromO to about 15 A due to a reduction of vertical
coupling between the hard and | ower anisotropy |ayers froma very strong
coupling value towards a nore optimal value. The remanent nucleation field

al so decreases (from about 3100-3500 Ce to about 1000 Ce or |less) as the
exchang@mPinFCralay Witherlayseuitiongpaggstizaion (Mhi efabeus0-4p0 %‘B{% 15 A. This
opti mal in closure
el e o B e B B B e e Py er

( cont r olerticay exchan el cwkipkiss clasoredadds alh):bwumdbﬂitye Ioptdtinalembatineeng.ithe etvhsngex anpl e,

greater_ than about 15 A) for this er - ani sotro

Qonbi bt IBR GErimees e hewoRe S FEHTHaknb0 SRty cFiand Sttt SUEES i o1 o
agai n i(BE4RAS -8 M) foabhr a%&m&@&@@&g@%g@glmo@%f@ﬁs@ a® kbhdmsRaind RGEEases
past optimal val ue(s). (% % Fi gure 6 shows normal i zed bit error rate (BER)
responsferth@ canipuinest the ad@fiorRcRa fgdicp whbefgrel Sa%beltizatlhil ehdhesslyctignsofddnpdeed to a

il e P AL S I S N R e e
exc hangﬁchanrgt: laguﬂlithﬁ the 18in@ X 68BN Gbstdiirh g dé;&jéﬁéd laed($)i 9n mrml egnbogiéranul ar
has about a 0.3-0.5 decade BER advantage. The BER gai n cones from SFD

r educt itBpexahangeoupiagdaer epmprses aICpli WithHy qdéé@ngaﬁ BERT Basrugll assRu.dag

i nprov fofiNCr I g.
[ 0068] TEpciredlhe Yt EALbh s Wigh Ot e 3R e b O AR T RRE RV g
t 0 t he mhpvicediesbragpéticay«aamnbienaningyBed hcg hatediaBkhatrdovet #HeOde(dd. udes a

housi n%{)&%ﬁe 712 and a top caover pl 714. The housing base 712 i s conbi ned

with c The dnepium peeter P%faﬂ%f‘éavﬁa&‘émoﬁdm@ﬁfw prAeplayerdermenen ihht er nal
conpon n t t nment. The
pase aﬁsg"’i%a@%?mpﬁi% SR G S b S R R

i ndust ropmphiceeNe Fe, obtreloynaryead heslloy- colhtelnhrgué]omchEaﬂJoﬁeFﬂE heeZrB,

par 11 UV (CERPIES G R ERPRG BodeN Gy ARy P el FabiATeE S8 ur ¢ her

i ncl udegg@BIFsRoMascokbbhatibad theolOVRY SULANpRIdY Fnetat atHiheNo509P ndl e
notor (not shown) by a di sk clanp 718. D|sk pack \7,16 i ncl udes one or nore of

i ndi vi dadP0QAs Waeterpdty, an enterdaygt sdpopigionedon ﬁmpftolnd@thyat Aghgdmagattiaxi s. Each
di sk surface has anrgf%r%ﬁ)l ated r ad/wrl hea ﬁardthat .S o d to the disk

drive 7001 OF OSMMTCA n%osm‘%“ﬁ At anlgfladie Fag fevd miedngic re"’i%%“@a%?{om in

FI G 7,préfea1@1y/mhb1ﬁlae§1£pldﬁah?>28f ahis %ﬂﬁﬁgﬁétﬁdnﬁlynziﬂaﬁ&dﬁﬁ&aﬂ@%fﬂabﬁﬁda@%@of n turn
attached to head nounting arns 724 of an actuator 726. The actuator shown in
FI G 7 hog-maagneHe maasial. op Qiddes. pigidesyORANATAgnBAANC e Material i seRarit Uides a

voi ce ¢ 7 t S

ot uat o BPRbned? ARAEIACOR Bhink B naeth ifhife 9 of B SR BRRES, 155 16
posi t i aontagand wapteicHepdsay B combickaesdés ieedngtatfa-20 mok al ong a path 732.

[ 0069] b@ 8 iIIustra}les steps of an exanpl.e nmethod 8Q0 jn which recording
medi a OB AiG 1#%5T M pErFEIrg a1 bs HUBPIASHQE VR mHErialy e RHEH 500

i ncl ucj%n@t‘ﬁﬁ?ﬁlcﬁdd@@\h@%%@@d% Qfhs& g‘ié&@%@faﬁh@wefﬁ%ﬁ@%rt&ﬂg nbf-h) n@t'ik interlayer
on the SUL, depositing (820) a fiTrst “magnetic recording |ayer or%

interl ayacmaldéﬂmwbstmgs 18P Blso hn adocttnad gebstrate ﬂg:hlaayl@pnmntlphdlﬁNrPsplawdgnet| c
recordln y and Sltl a second nmagn c.recqrdin er on the
xohande b Rinin e PSS ot Peber hsdrsaen o TG AbELO TR Ry BYET on i 1
be appah&Bfialt hctdaeschtslkinl (impl titdhihRETHS dtahin R EORKIE €T i8%), eRrodfiuh€r) and
specification and practice of the invention disclosed herein. Part’icul ar

exanpl esheameetds-her detail s are provi ded for illust ratl ve and expl anatory
pur pos n Q f en | ai ns.

e tenn P gt 0B e P chRind Rl o RrRRE R PR OREOP R, €
| i mtinpad €1 k®e agil@htahha&s@k()emqamtﬂab@ Bs4ER0E aahqﬂspraérab@rud)mlﬁmasscs,mngd, To
the extent that specific aspects of a given exanple above are consistent with
specific aspects of a different exanple, those conponents nmay be useful
together in other enbodinents in accordance with the above-description.
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W Caim 1. A magnetic recording nediumconprising: a first magnetic

recordi ng | ayer having an anisotropy field of about 10 kCe or nore; a second

magneti c recording | ayer having an anisotropy field | ess than that of said

first magnetic recording |ayer; and an exchange tuning |ayer characterized as

a granul ar | ayer disposed between the first and second magnetic recordi ng

| ayers, the exchange tuningg}a er. defining an array of spacings, {he spacings
S

al i gned- ittt grigi N-Dberidal’i GenB- fllvsconragivetdiiens @esri Mg™s gkrably.  The
magnet ige B@rﬁ%a%)‘.z@@c TRGIHP 19§erChopikds C(E—Bgse@)éﬁgfsg%?nﬁrﬁﬂi 2 iR%RE nftHEEDES

conprising a hexagonally close packed (hcp) na rein the exchénge

t uni ng dxamele dobslt-platinimkoxéds (GHPHED pertbal-chrddidmaplgstur weidan CeCrPed L caltalton

magnet ic%l?gnili%gl—lglgggluantanafglgg{[ ox?&e%%o&%a((\f cobalt-platinum-titanium oxides (CoPtTiO),
cobalt-chromium-platinum-titanium oxides (CoCrPtTiO), cobalt-chromium-platinum-aluminum
oxides (CoCrPtAlO), cobalt-platinum-silicon oxides (CoPtSiO), cobalt-chromium-platinum-
zirconium oxides (CoCrPtZrQO), cobalt-chromium-platinum-hafnium oxides (CoCrPtHfO),
cobalt-chromium-platinum-niobium oxides (CoCrPtNbO), cobalt-chromium-platinum-boron
oxides (CoCrPtBO), cobalt-chromium-platinum-silicon oxides (CoCrPtSiO), cobalt-platinum-
silicon nitrides (CoPtSiN), cobalt-platinum-tungsten nitrides (CoPtWN), cobalt-chromium-
platinum-tantalum nitrides (CoCrPtTaN), cobalt-platinum-tantalum nitrides (CoPtTaN), and
cobalt-chromium-platinum-silicon nitrides (CoCrPtSiN), wherein the hard magnetic recording
layer comprises oxygen and/or nitrogen in a concentration of about 3 atomic % to about 40
atomic %, preferably in the range of about 5 atomic % to about 25 atomic %.
[0056] The soft, semi-soft or semi-hard magnetic recording layer preferably has an anisotropy
that is lower than that of the hard magnetic recording layer, or preferably an anisotropy of about
6-12 kOe and a thickness of about 1-15 nm, and preferably comprises magnetically soft
materials, and may include an iron alloy, a cobalt alloy, an iron and nickel alloy, an iron and
nitrogen alloy, a tantalum and carbon alloy, Fe, Co, Ni, N, Ta, C, B, Si, Al, Zr, Nb, FeNi, FeN,
FeTaC, FeTaN, FeCo, FeCoB, FeSiAl, CoZrNb, CoZrTa, an oxide, a nitride, cobalt-platinum
oxide, a cobalt-chromium-platinum oxide, a cobalt-chromium-platinum-tantalum oxide, a cobalt-
platinum-titanium oxide, a cobalt-chromium-platinum-titanium oxide, a cobalt-chromium-
platinum-aluminum oxide, a cobalt-platinum-silicon oxide, a cobalt-chromium-platinum-
zirconium oxide, a cobalt-chromium-platinum-hafnium oxide, a cobalt-chromium-platinum-
niobium oxide, a cobalt-chromium-platinum-boron oxide, a cobalt-chromium-platinum-silicon
oxide, a cobalt-platinum-silicon nitride, a cobalt-platinum-tungsten nitride, a cobalt-chromium-
platinum-tantalum nitride, a cobalt-platinum-tantalum nitride, a cobalt-chromium-platinum-
silicon nitride, or a combination thereof.
[0057] Applicable seed layer materials include tantalum (Ta), silver (Ag), copper (Cu), gold
(Au), and platinum (Pt). The interlayer may include ruthenium (Ru), Ru alloys, such as RuCer,
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3. The magnetic recordi ng nmediumof claim1, wherein the hexagonally close
packed (ncp) material conprises a cobalt containing alloy. 4. The nmagnetic
recordi ng medi um of claim 1, wherein the granul ar exchange tuning | ayer
conprises an oxide material to reduce |ateral exchange coupling. 5. The
magneti c recording medi umof claim1, wherein the exchange tuning | ayer

I ncl udes Ruthenjumto provide stabilization of the hcp structure of the second

magnet i TG E ot M- MagRsc Cebalfrﬂtm%ﬂé??@m@ewa YH&VH‘édH He slemephielscied wher ei n
the mediyyhas @é&@% um ng)mdeﬂuﬂ‘l'(ﬁﬂosi B NiSHiRNGR BorbPIBRSaPONREY, g1t O a

medi umw th no l'ayer, and wherein théeé nedi umexhibits a
r emanerRu. dbe nmeﬂayey pDJ‘Vlch:b(alsttySﬁOIi)lﬁb- 200 Cayeefoa i sa;bs@lrmamtb}ndemsm:ddaaagrmncf ield of

about OOOG%E. The ma net Eiordlnggnedlun1of clalg% rein the first
magnet i &5 & BFAFTHEIoX5EP ccé‘ FuaB e Ve Mg PBYIUONS F1AERTFE Y"r’igsulc yer§¥S8lect ed
fromt %n&irﬁh‘?g@%ﬁbé bldt8oMfand aGab@danPMyedmby bahpkd tRer&¥r able@fablgna OXi de, or
conbi nati ons ereof and the second nagnetic recordlng | ayer conprises of a

Co- al | cﬁgtarmnct\cra@lecrrmtemgt gl lopricang prsdlepebited omthchwurgeo apthe dosinggiatg of a
Co- allqgc n» Ion, a Pd-all oy, an oxide, a non-oxide |ayer, or conbinations
t her eof". Ethe" ‘magnetic recording mediumof claim?7, wherein the first

magnet |[OOS&CCI'h@Ifﬂlgoxillﬁgﬂﬂustl’éﬁemaﬁémmg@oﬁw Rk f@pleay@l mafwlspbaﬁc gesndatiggnet i ¢
recordi ng | ayer have vertically continuous regions of oxide containing

mat er i avitgut Bitation petodwrotrdcigfipidicrain catbst ephigd Palpethe pppardedclniier | at er al
exc hanQQO@auFﬁlé&IgQ illustrates an example of a film structure of a magnetic recording media in

accordance with one example. The substrate (1) can be any substrate that is suitable for
magnetic recording media and preferably comprises a nickel-phosphorous plated aluminum or
aluminum alloy, or a glass, ceramic, or glass-ceramic material. In one embodiment, a soft
magnetic underlayer (SUL) (2) is sputtered onto the substrate. The underlayer preferably
comprises chromium or a chromium alloy. The interlayer(s) (IL) (3) of one embodiment
establishes a crystalline orientation base to induce the growth of hcp (for example, having a
lattice structure with a {0002} growth orientation) in the subsequently deposited magnetic
recording layers, with a magnetic easy axis perpendicular to the film plane. The IL (3) also
establishes a template for segregation and preferably comprises a high surface roughness to
induce grain separation in the subsequently deposited magnetic layers. The magnetic recording
layers preferably comprise three or more layers, including a bottom hard magnetic layer (4)
(which comprises grains 4a and boundaries 4b), an exchange tuning layer (7) (which is
preferably granular) and a top magnetic layer recording layer (5) (having an anisotropy that is
lower than that of the bottom hard magnetic layer), to optimize recording performance.
Preferably, an overcoat (6) is deposited on the top magnetic layer (5) and comprises carbon.
[0060] The preferred compositions of the exchange tuning layer (7) include a Co-oxide-Ru
layer, or CoCro.20Ru2.25(T102)4-12 or CoCro-20R02-40(S102)2.5. In certain 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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9. The magnetic recording mediumof claim1, wherein the second nmagnetic
recordi ng | ayer conprises a |ower concentration of platinumthan does the
first magnetic recording layer. 10. The magnetic recordi ng mediumof claim1,
further conprising a protective overcoat |ayer containing at |east one or both
of a carbon and a lubricant topcoat |ayer containing perfiuoropolyether
deposited over the second magnetic recording layer. 11. A magnetic recording
medi um By PISIETgN-PAANEiexehangs GARIING 35 SRFPHEA §V A NtiRURHS T s CarinEot r opy of

greater y ' r Qi | i sotropy of
about (S%riﬁzlﬂ{foée{?h% gt%rﬁ\n%% %ggég% t&g%?lkgla{ g%ré%gtﬁgiﬁ g%%sg}rﬂll ngiédp gg ggﬂlél?d;nul ar | ayer

deposi tttobhehugenc ldyersfandsittsrmgretira 1oyt bedvaey theayegnetin grdapesies of drecbottagnet i ¢

recordi | ayer,. wherein the._exchange ni ng | r definin s ray o

ey O 0 RSO AN R o e I o A e
recor di sﬁﬂcﬂu@é’@ff the @1'16& HB&eWB%aI Mél_riﬁtié a&yBlof ia_ﬁm’ﬁ@ ls Er%q, tﬁlé&B}' hﬁ@@agfnfgun
consi sting of a non-nmagnetic cobal t-oxi de-ruthenium all oy, a rutheni um oxide

gr anul sstackagdpilagneranendsstaohting i hon etiheseesimppped PHke M@@ﬁ$m Indtgrediing medi um
of claimll.exhibiti

the exc ¥ Dhinge T&ef (H3E noenr;[ S Citvi f absE’EE)\é,oeeerr] tl?ebr%léltne 190081u%1r%1czi1r 7000 Ce

and a renBidALEHRY gé%f SREEIRRS ag&%mf%wos@e. v £
grains (4a) of the hard layer, with spacing in the exchange tuning layer over the grain boundaries
(4b) which preferably comprise voids, oxides, nitrides, non-magnetic materials, or combinations
thereof. In other embodiments, the exchange tuning layer (7) may completely cover both the
columnar grains (4a) as well as the grain boundaries (4b) of the hard layer (4).
[0061] Figure 3 shows the theta-2theta X-ray Diffraction (XRD) spectra of media with and
without 15 A exchange tuning layers. The Co peak around 43.3° from the medium with a 15 A
exchange tuning layer has higher intensity, indicating a more favorable epitaxial growth among
the bottom magnetic, exchange tuning, and top magnetic recording layers.
[0062] Figure 4 shows a measured Kerr loop of media with and without 15 A exchange tuning
layers. Magneto-Optical Kerr Effect (MOKE) magnetometry measures hysteresis loops of the
media. Coercivity of a magnetic material is determined in this case by measurement of the
hysteresis loop or magnetization curve. The apparatus used to acquire the data for the hysteresis
measurement is typically a vibrating-sample or alternating-gradient magnetometer. The applied
field where the data (called a magnetization curve) crosses zero is the coercivity. If an
antiferromagnetic solid is present in the sample, the coercivities measured in increasing and
decreasing fields may be unequal as a result of the exchange bias effect.
[0063] The lower H. and larger slope in the Kerr loop of medium with a 15 A exchange tuning
layer is related to the vertical exchange coupling between the bottom (hard and preferably
comprising one or more granular layers) and top (soft, semi-soft or semi-hard and preferably
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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13. The magnetic recordi ng nmedi um of claim 11, wherein the continuous nagnetic
recordi ng | ayer has a thickness of about 1-15 nm and the exchange tuni ng | ayer
has a magnetic nonment of about 200 ermu/cc or less. 14. A nethod of

manuf acturing a magnetic recordi ng nedium the nmethod conprising: depositing a
soft magnetic underlayer (SUL) on a substrate; depositing an interlayer on the
SUL; dep05|t|n9 a first magnetic recording. layer having an anisotropy field
of abourrodust (XAE) GVIr pentEplisd bR brespanses %?;Pefrun‘:tﬂcﬁ’e‘)ffth‘? %?fchﬁ&agerr@mné I3%Eor di ng | ayer
conpri sjag &t | east one granul ar magnetic layer; depositing an exchange tuning
| ayer over the first magnetic recording |ayer, the exchange tuning |ayer

havi ng [8061]i ﬁ@n@sﬁngfexdtaogd: tuirfpdaparglsitkays framchboonfp ra a?doug4 am, ve@isil one

ranul ar Ia er definin n array .o aci ngs aci.ngs a ned with grain
boundaricuRl crd 1B i bt e R R End RIS SheBRSpaa " ¢

for reduction of HCR and writability.

[0066] In the example illustrated in Figure 5, HCR is reduced significantly (from about 5700-
5900 Oe to about 4000-4700 Oe) as the exchange tuning layer (control layer) increases from 0 to
about 15 A, due to a reduction of vertical coupling between the hard and lower anisotropy layers
from a very strong coupling value towards a more optimal value. The remanent nucleation field
also decreases (from about 3100-3500 Oe to about 1000 Oe or less) as the exchange tuning layer
increases to an optimal thickness of about 15 A. This optimal vertical exchange coupling leads
to a significant reduction in closure field and thus improves media writability. As the exchange
tuning layer (control layer) thickness increases beyond the optimal value (in this example,
greater than about 15 A) for this hard layer — lower anisotropy layer combination, vertical
exchange becomes too weak, and HCR and closure field again increase. Writability
correspondingly degrades as thickness increases past optimal value(s).

[0067] Figure 6 shows a normalized bit error rate (BER) response as a function of exchange
tuning layer thickness. As compared to a medium without an exchange tuning layer, media with
12 to 15 A thick exchange tuning layers show close to 1 decade BER gain. As compared to a
continuous exchange tuning layer, the exchange tuning layer in this example is granular has
about a 0.3-0.5 decade BER advantage. The BER gain comes from SFD reduction due to better
epitaxial growth and less stacking faults, and improvement in writability without increase in in-
plane exchange coupling.

[0068] FIG. 7 illustrates a disk drive 700 in which recording media according to the above
description can be employed. The disk drive 700 includes a housing base 712 and a top cover
plate 714. The housing base 712 is combined with cover plate 714 to form a sealed environment
to protect the internal components from contamination by elements outside the sealed
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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depositing a second magnetic recording |ayer over the exchange tuning |ayer,
the second nagnetic recording |ayer having an anisotropy field that is |ess
than the anisotropy of the first magnetic recording |ayer, and the second
magneti c recording | ayer conprising at |east one continuous magnetic |ayer.
15. The method of claim 14, wherein increasing the thickness of the exchange
tuning | ayer increases saturation nmagnetization sai d exchange tuning

| ayer . PPBYINgHhOITRATHES VB Ui BRI YdeS Akt RiCh 7@@@%3@61%%1%@ eRm PRy aragietionas a
thick N&ha @Encﬁp %Eorj(n&cghé@ﬁz&; LURK QfanﬁJ 7O qbikK é{%ﬁl@ﬂ 6ANATELITE or Ae B

saturation nmagnetization ( of about” 0-300 enhu/cc. 17. The met hod of claim
14, \/\hen@wrduahhslsnhatamfgmoumd fig doap&ation eblacascehtng axwi thakhh dgkfsighat s sbri but i on

SFD) of the um ed to a nediu ith xchan e.tunin er and
Wer ei oo Pt D e Sutmanded Febe Ay T0p TSR o ha0ne B 16 A
nmagnet i sl REAELT MAhEBAMITE DR RGtTEY. ey wiiehdmt NodlaRfsupp At bl Alextibs The
magneti c recording medi umof claimb5, wherein the exchange tuning |ayer

conpr i s¢ thraroin ton@techidue hps{ mpomt}rxg amsJad oCaCrBURORILD- 438”(6900@)02 sBowmher ei n
(1 P A 3 BLOHL BB L R R Rl e P
segr egahbwe gkferhipy 50 728D Wﬂgﬁabﬂnmwamg acﬁﬁa,torm@\&lfldi iﬁQatfa@Hé&l%ddﬂw&it@r al
exchan EE\:accizso7u 0I al.bglglt a pivot shaft 730 to position read/write heads 720 over a desired data track

along a path 732.

[0069] FIG. 8 illustrates steps of an example method 800 in which recording media according

to the above-described aspects can be formed. Method 800 includes depositing (810)an SUL on

a substrate, depositing (§815) an interlayer on the SUL, depositing (820) a first magnetic

recording layer on the interlayer, depositing (825) an exchange tuning layer on the first magnetic

recording layer, and depositing (830) a second magnetic recording layer on the exchange tuning

layer.

[0070] Other embodiments and uses of the invention will be apparent to those skilled in the art

from consideration of the specification and practice of the invention disclosed herein. Particular

examples and other details are provided for illustrative and explanatory purposes, and not by way

of limitation to the scope of the appended claims. The term comprising as used throughout this

application includes the more limiting terms and phrases “consisting essentially of”” and

“consisting.” To the extent that specific aspects of a given example above are consistent with

specific aspects of a different example, those components may be useful together in other

embodiments in accordance with the above-description.
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We Claim:

1. A magnetic recording medium comprising:

a first magnetic recording layer having an anisotropy field of about 10 kOe or
more;

a second magnetic recording layer having an anisotropy field less than that of
said first magnetic recording layer; and

an exchange tuning layer characterized as a granular layer disposed between the
first and second magnetic recording layers, the exchange tuning layer
defining an array of spacings, the spacings aligned with grain boundaries of
the first magnetic recording layer.

2. The magnetic recording medium of claim 1, the exchange tuning layer further
comprising a hexagonally close packed (hcp) material, wherein the exchange
tuning layer has a thickness of about 0.1-100 angstroms and a saturation
magnetization (M) of about 0-300 emu/cc.

3. The magnetic recording medium of claim 1, wherein the hexagonally close
packed (ncp) material comprises a cobalt containing alloy.

4. The magnetic recording medium of claim 1, wherein the granular exchange
tuning layer comprises an oxide material to reduce lateral exchange coupling.

5. The magnetic recording medium of claim 1, wherein the exchange tuning layer
includes Ruthenium to provide stabilization of the hcp structure of the second
magnetic recording layer.

6. The magnetic recording medium of claim 1, wherein the medium has a smaller
switching field distribution (SFD) as compared to a medium with no exchange
tuning layer, and wherein the medium exhibits a remanent ‘coercivity of about
3000-7000 Oe and a remanent nucleation field of about 1000 Oe.

7. The magnetic recording medium of claim 1, wherein the first magnetic
recording layer comprises a Co-alloy or alternating layers selected from the
group consisting of a Co-alloy, a Pt-alloy, a Pd-alloy, an oxide, or combinations
thereof and the second magnetic recording layer comprises of a Co-alloy or
alternating layers selected from the group consisting of a Co-alloy, a Pt-alloy, a

Pd-alloy, an oxide, a non-oxide layer, or combinations thereof.
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10.

11.

12.

13.

14.

The magnetic recording medium of claim 7, wherein the first magnetic

recording layer, the exchange tuning layer and the second magnetic recording

layer have vertically continuous regions of oxide containing material allowing

the second magnetic recording layer to have lower lateral exchange coupling.

The magnetic recording medium of claim 1, wherein the second magnetic

recording layer comprises a lower concentration of platinum than does the first

magnetic recording layer.

The magnetic recording medium of claim 1, further comprising a protective

overcoat layer containing at least one or both of a carbon and a lubricant topcoat

layer containing perfluoropolyether deposited over the second magnetic

recording layer.

A magnetic recording medium comprising:

a first magnetic recording layer having an anisotropy of greater than 15 kOe;

a second magnetic recording layer having an anisotropy of about 6-12 kOe; and

an exchange tuning layer characterized as a granular layer deposited between
the first magnetic recording layer and the second magnetic recording layer,
wherein the exchange tuning layer defining an array of spacings, the
spacings aligned with grain boundaries of the first magnetic recording layer,
and the exchange tuning layer is selected from the group consisting of a
non-magnetic cobalt-oxide-ruthenium alloy, a ruthenium-oxide granular
material, and a combination thereof.

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.

The magnetic recording medium of claim 11, wherein the continuous magnetic

recording layer has a thickness of about 1-15 nm and the exchange tuning layer

has a magnetic moment of about 200 emu/cc or less.

A method of manufacturing a magnetic recording medium, the method

comprising:

depositing a soft magnetic underlayer (SUL) on a substrate;

depositing an interlayer on the SUL;
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15.

16.

17.

18.
19.

depositing a first magnetic recording layer having an anisotropy field of about
10 kOe or more on the interlayer, the first magnetic recording layer
comprising at least one granular magnetic layer;

depositing an exchange tuning layer over the first magnetic recording layer, the
exchange tuning layer having a thickness of about 0-50 angstroms and
comprising at least one granular layer defining an array of spacings, the
spacings aligned with grain boundaries of the first magnetic recording layer;
and

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

The method of claim 14, wherein increasing the thickness of the exchange

tuning layer increases saturation magnetization (M;) of said exchange tuning

layer.

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 0-300 emu/cc.

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 and wherein the medium exhibits a remanent

coercivity of about 3000-7000 QOe.

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

The magnetic recording medium of claim 5, wherein the exchange tuning layer

comprises one of CoCry.20Ru;.25(TiO3)4.12 and CoCry.20Ru2.40(S10;)2.3, wherein

the Ru materials provide improved lattice match and stabilization of the hcp

structure of the second magnetic recording layer, and the oxide material

segregating to form amorphous grain boundaries, providing reduced lateral

exchange coupling,
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