MAGNETI C RECORDI NG MEDI UM | NCLUDI NG A MAGNETI C ZERO LAYER SUMMVARY 100011 A
stack includes a magnetic zero |ayer interposed between a crystall ographic
orientation interlayer and a magnetic |ayer. The magnetic zero |ayer is
non-magnetic or is a magnetic layer having a | ow saturati on magnetic fl ux
density (e.g., a layer having B. |ess than about 100 enmu/ cc) and conpri ses
grains separated by a dWArﬁig I netic |ayer includes
ferromagnetic grains dyﬁr@&GwmﬁUmﬂ%Ew béyﬁ'gbant The lattice

m smat ch between the interlayer and the nmagnetic | ayer across the nagnetic
zero layer is less than about 4% I SCRI PTI ON OF DRAW NGS [0002] FI G
1 is a conceptual diagramof an e§mgnetic stack; [0003] FIG 2 is a

conceptual diagram of an exanpl e magnetic stack that includes nultiple
magnet i c [$09dbAdstack inglydess raﬁ@eﬁe th:ruogmeer ine@pseghhetween a crystallographic

orientation interlayer and a magnetic layer. The magnetic zero layer is non-magnetic or
is a magnetic layer having a low saturation magnetic flux density (e.g., a layer having
B, less than about 100 emu/cc) and comprises grains separated by a non-magnetic
segregant. The magnetic layer includes ferromagnetic grains separated by a non-
magnetic segregant. The lattice mismatch between the interlayer and the magnetic

layer across the magnetic zero layer is less than about 4%.

BRIEF DESCRIPTION OF DRAWINGS
[0002] FIG. 1 is a conceptual diagram of an example magnetic stack;
[0003] FIG. 2 is a conceptual diagram of an example magnetic stack that includes
multiple magnetic recording layers and multiple interlayers;
[0004] FIG. 3 is a flow diagram illustrating an example technique for making an
magnetic stack; ‘
[0005] FIGS. 4a and 4b are plots illustrating the changes of magnetic coercivity (Hc)
and delta of magnetic coercivity and magnetic nucleation field (H.-Hy) versus magnetic
zero layer thickness for various example stacks;
[0006] FIG. 5 is a plot illustrating the changes of the lattice mismatch between (002)
Ru of the interlayer and (002) Co of the magnetic layer versus thickness of the
magnetic zero layer for various example stacks;
[0007] FIG. 6 is a plot illustrating the difference in FWHM (Full Width Half
Maximum) of crystallographic rocking curves between (002) Ru of the interlayer and
(002) Co of the magnetic recording layer versus magnetic zero layer thickness for
various example stacks;
[0008] FIGS. 7a and 7b are plots showing magnetic coercivity (H.) and delta of
magnetic coercivity and nucleation field (Hc-H,), respectively, versus sputtering
pressure used to form an Ru interlayer for various example recording stacks;
[0009] FIG. 8 is a plot illustrating the value of alpha for example stacks at various

sputtering pressures used to form an Ru interlayer;



[0004] FIG 3 is a flowdiagramillustrating an exanple technique for

maki ng an magnetic stack; [0005] FIGS. 4a and 4b are plots illustrating the
changes of magnetic coercivity (He) and delta of nagnetic coercivity and
magneti c nucleation field (HcHn) versus magnetic zero |layer thickness for

vari ous I tacks; [0006] FIG 5 is a plaot illustrating the changes of
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respectively, for various yﬂ%s of “exanpl'e magnetic recordi ng nme
(ADC cal) and measured areal density capability, respectively, for various types of

di a;
example magnetic recording media.

DETAILED DESCRIPTION

[0015] In general, the disclosure relates to a stack that includes a layer (referred to
herein as a “magnetic zero” layer) interposed between a crystallographic orientation
interlayer and a granular magnetic layer having magnetic grains separated by a non-
magnetic material such as an oxide. In some cases, the magnetic zero layer is a non-
magnetic layer or a magnetic layer having a low saturation magnetic flux density (Bs)
that forms part of a perpendicular magnetic recording medium used for magnetic data
storage. The inclusion of the magnetic zero layer between the crystallographic
orientation interlayer and magnetic recording layer can enhance the recording and/or
reliability properties of a stack that forms a magnetic recording medium and/or can
enhance the processes used to fabricate the magnetic recording medium. For example,
when compared to substantially similar stacks that do not include such a magnetic zero
layer, the inclusion of a magnetic zero layer may increase the magnetic coercivity (Hc)
of the magnetic layer, may increase the magnetic exchange decoupling of the magnetic
~ layer as indicated, for example, by an increase in the difference between the magnetic
coercivity and magnetic nucleation field (H.-H,) of the magnetic layer or the alpha
parameter, may increase the uniformity of exchange decoupling in the magnetic layer,
may decrease the bit error rate (BER) of the medium, may increase the signal to noise
ratio (SNR) of the medium, may increase the areal recording density of the medium,

and/or may enhance other properties of the magnetic recording medium.



[0012] FIG 11 is a plot illustrating the normalized on-track bit error
rate by the track pitch for various types of exanple magnetic recording
media; [0013] FIG 12 is a plot illustrating nmedia signal to noise ratio
for various types of exanple magnetic recording nedia;, and [0014] FIGS. 13a
and 13b are plots illustrating calcul ated areal density capability (ADC
cal) and [%&5&1@ seme, pxamplere thei mygnetip aerp|layey allows he epitadalgrowidraxisar i ous t ypes

of exanp i I j T 015] In

general , lbtgwgeggilagc(llrgsst{l}?o%?épgl:lé;%é%ﬁg%&gdﬁaﬁéﬁg%@gy émé)[ ayer (referred

t 0 her ei pulsstamiallyragiivebined 2603 'the myggietici zetcclapers dnl strat vases) the useydtaal | ogr aphi c
orientation interlayer and a granul ar _magnetic | ayer. having nmagnet.i c grains
separ at edagele %Fé?]ﬁ?é’gh%lﬁl"@ lferlanteg&eﬁg%veawf@x?{@élayqrﬁng ﬁ}?@ngasees, the
magnet i 1&gtk AYEF 1otk aifiRMERD Qec%dhgseln?ﬁlgf{rfagé nftaffP@RChE fatliBBeniiRy| N9 2 | ow

saturation mag ic flux density (Bs orns part of a perpendicul ar
magnet i ¢ theearpstallopyapheclinteriayeemhdftbe mapguptietlayer det rmaistaoreddge 2 sUbstantialy usi on of

t he magneti.c.zera | ayer bet n the crystall ographic orientation interlayer
and magnelichiGraEEE A AREemepL(SUEsintEINaRE b SemAiShBE dats) SHBFGES ol | abi | i ¢y
properti gfeql Vheh MGktetfAad isfidoRBreft, MRIARIEECHABEOIH fMth- B hidfeaind/ or can
enhance the processes used to fabricate the magnetic recordi ng nmedium For

exanpl e, anhegemest{rnene te oametchingimddey withireleaged slastik strashaln sdnenot i ncl ude

such a magnet . c.zer er, the inclusion of. a. ti.c zerg layer may
hor ease PHEPIsEgRElSed B8he bilpenl FusHRish ™ RainTugRaPRY e fE et ey s
t he magneitiice @h@ﬁﬁﬂi&wé@%@ﬂhbﬂﬂ%@ﬂﬁn&ﬂﬂ@gﬂ&@m@eﬂslbs%)tﬁz[n adut pdi.cated, for
exanple, by an increase in the difference between the magnetic coercivity

and nmagnd®9171 e incdysiomofthe magpete-ze(9 lager mapealinyyhstdepositigiepregsura ofe al pha

ragnet | ¢ oPeEol B ASSEENeglic RE M b K PORAR ARl ™
i ncr ease depasitidngpratest thandosaot Aiclude (ENBymaion dfes MBghctioversdyyernThease t he

areal recording gensit of the nmedium and/Qr may enhance ot her properties

of the madftestionofamagnelisgeiodayssin compuretion With alomisT BICSTHES BEOCCSSERAYragnet i ¢

zero | ay I j haxi LS QBuk' al | ographi c
interl ayggloggg@%gﬂ%géﬁﬁrélgéP?ggﬁ%ﬂ%%ﬁ{%«?ﬂ%&ﬁﬁ%&%st anttiygfl y mai nt ai ned
acr oss t heaimaipad;taptindsady ot mytanbstdmialp cemprasssed inltompaesonfwith magmetici ¢ zer o
| ayer allo @CO erent interface between thg interlayer and the magnetic
r ecor di ngnq\% Fmed UHRE AhiSRELPTRERTe POESSA 8t LiR@DSGHER PT 4 FRERISFSTY RYET- t he

l'at ti ces FRpEVRSHIe, tRCineluéRhAfla QR RRHE Ferb ThyRF baWREn ARGniRSyraadeti c | ayer are
mai ntai ned in a substantially stoichionetric arrangenent gsubst antially one
()

to one namaghetigrenerding layarmay allow for therasysallographicainteriayerrtp de depasitedicoher ent |
B L e A R R S L v e
herein, acsoadifg propeitieh hkAeEmparedtd Abwspataldmikhmediuiiwitkbutian the lattice
constant between the interlayer and nmagnetic |layer is |less than about 4 %

magnetic zero layer. For example, as the magnetic zero layer may provide for an

increase in exchange decoupling and/or an increase in the uniformity of the exchange

decoupling in the magnetic recording layer, the interlayer may be deposited via

sputtering at lower sputtering pressures that would typically be accompanied by a non-

optimal level and/or non-uniformity of exchange decoupling and/or other degraded

properties in the magnetic recording layer in the absence of the magnetic zero layer.

[0018] Although the disclosure is primarily described with regard to magnetic

recording media such as perpendicular magnetic recording media for magnetic data

storage, the magnetic layer structure described herein is not limited to such application

but may also be utilized in other applications. For example, the magnetic layer

structure described herein may be utilized in a magnetic sensor or magnetoresistive



[0017] The inclusion of the nmagnetic zero |ayer nmay allow the deposition
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may be achi eved by reactive oxygen sputtering and/or by incorporating
oxides in the sputtering targets. [0024] According to various exanpl es
provi ded herein, a magnetic zero | ayer may be di sposed between the
crystallographic interlayer and magnetic | ayer. The magnetic zero | ayer can
af f ect the éH exchange decoupli.ng present in the ng %cetl Iayer
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product i end/yr etheisefthets. t 0, for exanpl e, parti cI e cont am natl on, blister
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exanpl e magnetic recordi ng nedi um 200 shown i n magneti c
r ecor di n§ome 8asgtnthomagrticiaenerties of magnetic medla formed by the reduced pressure

processes may maintain recording properties that are substantially similar or that are
not substantially degraded when compared to the magnetic recording properties of
media formed at higher deposition pressures.

[0027] The formation of oxide separated grains in the magnetic layer through reactive
sputtering using relatively high oxide content can result in lower production yields due
to, for example, particle contamination, blister formation, steep performance gradient,
and sputter arcing. High pressure and/or high oxide content can decrease film density
and crystalline core packing fraction, both of which can negatively affect recording
output signal and BER, reliability and/or other recording properties. Incorporation of
the magnetic zero layer can allow for deposition of the magnetic layer using reduced
oxide content when compared to the magnetic layer of a magnetic recording medium
that does not include the magnetic zero layer.

[0028] FIG. 2 is a schematic block diagram illustrating an example magnetic recording

medium 200. As shown in FIG. 2, magnetic recording medium 200 includes a
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substrate 228, a soft under layer (SUL) 230, a crystallographic orientation
interlayer 238, a magnetic zero |ayer 240, a magnetic |layer 242, and a
protective overcoat 252. [0029] Substrate 228 may include any naterial that
is suitable to be used in magnetic recording nmedia, including, for exanple,
Al, NP plated Al, glass, or ceramc glass. Al though not shown in FIG 2,
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second SLTL 236. 100321 Non-nagnetic spacer |ayer 234 nmay be forned of any
sui t abl e r€imRathhfor the feld Somnig pales of magesticapadiyate hgad- e 9., o, Ru, CoCr,
Pt, or al glpzmé?o q : ction as
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formed of a soft magnetic material as described above. In one example, first SUL 232

and second SUL 236 may be a Co-based amorphous alloy, such as, €.g., an amorphous
CoTaZr alloy, or a Fe-based amorphous alloy such as, ¢.g., an amorphous FeCoCrB
alloy, and may have a thickness between approximately 50 angstroms and
approximately 300 angstroms. The composition and thickness of first SUL 232 may be
the same or different from that of second SUL 236.

[0032] Non-magnetic spacer layer 234 may be formed of any suitable substantially
non-magnetic material such as, e.g., Cr, Ru, CoCr, Pt, or alloys thereof. In some
examples, spacer layer 234 may function as an anti-ferromagnetic (AFC) coupling layer
which induces anti-ferromagnetic coupling between first SUL 232 and second SUL
236. In some examples, to allow for AFC coupling, spacer layer 234 may be formed of
Ru and may have a thickness between approximately 4 to approximately 6 angstroms
or approximately 14 to approximately 18 angstroms, although other thicknesses are

contemplated.



[0033] Crystallographic orientation interlayer 238 may be deposited on SUL
230. In sone exanples, the interlayer 238 may be used to establish a
hexagonal cl ose packed (HCP) crystalline orientation that induces HCP
(0002) growth of the first nmagnetic |ayer 246, with a magnetic easy axis

erpendicular to filmplane. Interlayer 238 ma red of one or
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growth of a colummar structure in-one or nore nagnetic |ayer f magnetic
| ayer 242HCR);cnysiathe@bemrtetlorsﬂmhmdwasrH(éR((E)OE)Jgrowrcleom;v fips# mpgneticat ed and/ or

enhanced, b tter de Sltl i.nterl cre sputtering
pressurelat% Z‘Pé: 3 pagnetige a[xmrpen%@ &P ﬁ’ﬁﬁﬁmé g‘f‘{??lgy%lfﬁﬁnt erl ayer

238 may il fhidh&l GoRWOP nfifitifle ROEMMMREord E)%rhﬂéseldt&l e sy mapre | ayers of
magnetic | ayer 242 to increase the nmagnetic exchange decoupling of the one

or nore lrphules Qwﬂunmmﬁmwturel caypprisigzolvenreh geednst that m&vﬁ@rﬁ;@saéb.roupl i ng of

first magnet.i r 246 0034] .In.the exanp i nterl ayer
D361 nei SHERE BYEos PR e an OSe SEROR G kLRl ARk B ang
col utmar 143@ﬁmmlA@ﬂotb@mve2§ﬁﬁ colufhrfaP sthuclird &fay Hergétérateliang/os e@tint@yer 238a

may pronote thin filmgrowh for columar seed |ayer 238b, which may
resul t | RYSPRitepdenastingpisrlayar 338 Aplnaseaging the spuseriag pressvae toserelptivalyer  238b.

| Ni Fe, Ni Few
andal T oy L RuF e Shetaiahty et gl QFh AR B OB MY 00 Ty
238a may chlawmapbstidthak iesise drehove Qﬂyeﬁéliﬂihagﬁ@tlﬁlhgsﬂ 24268 1mehsalﬂmma§&ﬂc

angstrons. [0035] Columar seed | ayer 238b nay be provi ded on top of
cryst al | FX288eeForupling ot3beaong wy lwfanweumpr Haswrhasthet ure to

pr onot e gg& 5“%@@}*233@9%%@%&,})&%& 242. As described above, in sone

exanpl es, mmar deposited via sputtering using
rel ati vel[(}03l4] @ht}&mamgrelshgwpnmEBj‘urZeu(tarl@er 23ﬁemmhades abtysthllizd séal lajpout 200
mrorr) th te colg col umar seed

t t |
| ayer 23 g%)a agd g"al{‘!%g?lsﬁef’ﬂ ayeéﬁgé(?rgg h%gwe‘é t hi ckness
bet ween @,‘?ﬁh‘é]hﬁ@%&d Ay Q?S%Hha ?t%nﬁy@gﬁﬁr{ A &Qﬂ%}]co@ﬁﬁﬂiﬂ@@éd igggoupl i ng

| ayer 238c” nay be provided on" top of colu ar seed [ ayer 238b. Col ummar
decoupl i 338h,avlech P3Becsnibyn the betprosystatbgraper quatity ¢fi ghispusestlaysy pressure

e.g., range of .about 20 to 00 nior.r f ol umar
St Dot ur S350l AR Preifs Siveliecte o 38e mapar s e R Mifofar
struct ur @nd AM¢ysfthdredf, MRONEEUCr dndVRbyLhereot. ncg@tmm%eémla%nza@@war
decoupling la 238c may be formed of Ru allo and may have a

thucknesbaw%@&neﬁwmem@bawﬁmmraﬁ@da@@m12&@ ‘%ﬁ(%ﬁroms [0037] In

| ud
SO0, o PIRSRD ol M SRRl S RIS S SRR BRI eH e | 1) Lo
about 2 uBSQﬂldnﬁayy he)vemﬂummr@ramyemcmhﬂelmprcﬁmﬂdcélamar gowticinunagnstith (111)

textured FCC (face cen cybic) alloys, such as 11) - Wbased al | oys
or (111) l8°F& p& ﬂfe?%% et\%algé@na% es ealum%afeeéiaevr 2%88b, and

which is d@pdsglé\ﬁi §B‘éﬁ)ﬁst L %sﬂfrg%l%ﬂgﬁy?a%%yutt ; eﬁu{ggpég veehabgigPosi t ed

col umar see aye ctu t ext (hexagonal cl osed
packed) aDloysut20¢mTasr) {dpdmdReicol(MO2) griduGiructure| Gﬁz¢m5zte@uﬁplps and col umar

200 mror FYEEBESer St 1 iy e e E et Al et e BB ed riop
al | oys suGhiSs hdiiéon dBouPrerdb AL IbIR F0 angstroms.

[0036] Columnar decoupling layer 238c may be provided on top of columnar seed

layer 238b. Columnar decoupling layer 238c may be deposited under the high
sputtering pressure (€.g., in the range of about 20 to about 200 mTorr) to form the
columnar structure, which provides the base for the formation of the columnar structure
into first magnetic layer 246. In some examples, columnar decoupling layer 238c may
be formed of Ru or Ru alloys, and may have a thickness between about 40 angstroms

and about 200 angstroms.



[ 0038] The nmagnetic recording |ayer 242 may be formed on magnetic zero

| ayer 240, which wll be described further below. As shown in FIG 2,
magnetic | ayer 242 may include a first (bottom nagnetic |ayer 246, an
exchange break | ayer 248 and a second (top) magnetic |ayer 250. To control
t he excha e decoupling_ in magnetic recordi n%él ayers, _such as perpendi cul ar

magnet i c[00SZbFsomes sxapwles, theigeaeralsiucuiee ofiateRaym2dtdn FEG o MERgeY ayer s 246,
250 can ng/s%ﬁfﬁg‘%g?d 2 ﬁ%@@@:ﬁoﬂ%ﬁ%ﬁ’{l sﬁ?@nﬁgpfgsﬁﬁle &t?t 0 thespgetively.

I n a perpendi cul e magnetic ani sotfopl es o st magneti ¢
| ayer 24tmTand ssedcaraerysigihias B&dllﬁ);eestn?cﬁﬂeaﬁﬂl @athtestureif@d (faae eentredct i on

bstanti al.ly di cul tao th | f | a 242 th
ﬁégﬁe??c'c@a 1@%5 5ugh axota Dntlheses Bloyel| diEh pegdebiit | g e Payer
250 ma do,ggf ng | ayer
242) . %/0 3 angeecgfag@ii I apg h%a%lﬁéyegpggé%?% gsg?eugt g%fe“rt?cal d
exchang eta:ZﬂJmH' IOrI‘Q] demxsxmbmlﬁmnmtseﬁhgyext stimctuag/ with 200) am«ﬂuxséﬂﬁfd ~magnetic
RiCo bas dipxagtral losiauereds o pdaq () & (Rt Ract AR BiCotEinte, for
exanpl e, coluffar &'cggplf;%@as yée288s, wilich 1s@1'f§ﬂ§§'htt xﬁ%prewg]g Edeti 2 tof i St

magnetic | ayer 246 an econd magnetic | ayer granul ar | ayer,

and may B%HIT@E) deppstied @olgmaarrigy%@paqatateeﬁlth () mpa@daHCPmélgmsucb agr ai ns by

voi ds angdg Rnon [&2'3; c material. In sone enbodi nents, at | east one of
first m 8%5@3 & and second magnetic | ayer 250 may i nclude a Co

al | oy, S[UU38P$h§3ﬁ1agﬁbtféQ6$Urﬂﬁgllmr SMZ agbe lferafld odfagikti€rero Myer P40, Ta, B,
Nb, O, Ti, , n some enbodl nents, at | east one of

first rra@ﬁhé’chl will h?;ﬁ@ﬁcrmﬂmr @ék%zrv)/n &M@Wé\tm@lﬁa&@a@s@c Wt 24%cnatle, for
exanpl e, ;anfg aFﬁrsta(foLRé(mP@ﬁ%q ;%%r 3hé gﬁé exkﬁ!m ai‘&é@ﬂ%‘%&ﬁ& scdbnd €ast one

of first magnetic Tayer secon magne may | ncl ude

al t er nat {top) mhgrmtlbwer Ssme@cdmroathcm@eaeﬁupahg ﬁymmgneaceecoedlhg)y and a Pd
alloy. In sone enbodi ments, at |east one of tgglﬁfl rst or second magnetic
| ayers 2MgerspsishaaperprRd chlar Bagstia FroEing layersnitnt 20d SeaPRdmagctc at er i al

bet ween gy n%lagém 2k, ﬁ%%%@?&h&dﬁﬂ%icﬂaﬂgé él’éé‘é E@h&fccﬁﬁ%rﬁ@sd by

non- magneti c rial,” the non-nmagnetic na erial separating the grains in
at | east respectivklyf Irrasperpagimﬂarqnéchmarthaﬂﬁtgaetcb avsotogiesaf fiest maghaticer 250 nay

conpri se, an i de, such as e le, . Sip2, TiO 02, W2, Cr203,
505 andlBfr i spaomatrisic Gvet S Fich oenledtn QRSP RIAA6 and
second r’rgg? ' S Q’?Jg}‘]l@tﬁ‘d‘e LRxcRRkel y 20
angstrons gﬁdé%géreo%?ﬁrrea@% m&&gﬁgslﬁe(})?r?@;% t(1;lrenaly ave agggsllgantl ally the

same or magn@ményeraﬁﬁ@me@ge@m@melamdﬁamay Balchesipstaptialik | ayer 248 may
have a thickn e n r oxl.smat el angstrom and approxi mately 30
angstror‘rgé flﬁgﬁafq?&lheo%el%ne a{ﬁ% rgmgfl‘ily%tz gnetl c layer 246 may be formed of
a CoCr Pt [(0U3DPExthanpe bichk BaysepEMaN be Gsedho adjusl the verficA12xElpdnge Copling\\0 2,
and/ or Ta02, a _FePt based or CoPt based L10 or LI | ordered granul ar all oy,
or | ayer Betyeen firs magneticlayqrRgo wnd pecony Eragnesic lpyer 256/ & Squae examplesecond

et oty ol 9 8 095l Ry RIE alannl A i agel g one
W2, andalisy, hd@e the oxide includes, for example, SiO,, TiO, CoO, CoO,, WO,, and/or

TaO;.

[0040] Each of first magnetic layer 246 and second magnetic layer 250 may be a

granular layer, and may include magnetic grains separated from adjacent magnetic

grains by voids and/or non-magnetic material. In some embodiments, at least one of

first magnetic layer 246 and second magnetic layer 250 may include a Co alloy, such as

Co in combination with at least one of Cr, Ni, Pt, Ta, B, Nb, O, Ti, Si, Mo, Cu, Ag, Ge,

or Fe. In some embodiments, at least one of first magnetic layer 246 and second

magnetic layer 250 may include, for example, a Fe-Pt alloy or a Sm-Co alloy. In some

embodiments, at least one of first magnetic layer 246 and second magnetic layer 250
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[0043] A protective overcoat 252, such as, for exanple, dianond |ike
carbon, may be fornmed over perpendicul ar recording |ayer 250. In other
exanpl es, protective overcoat 252 nmay include, for exanple, an anorphous
carbon layer that further includes hydrogen or nitrogen. Although not
shown, in sone exanples, one or nore suitable lubricant | ayers may be

formed ofaydirlede glierrating thiv laygesraf a4to gy andad4 4jlononugAalpy asda Bd| ayer 240
is forme t i i nt : sing the
magnet i cgl% r Om;%g@ggﬁ%gﬁ%e@[d\@%@&sg éggf)ﬁ@gr r%fgrgéc%@ha%géﬁ%pﬁggﬁgti c layer
242 may p&0Iae ithideGubstadiih19 moindafemsaagtetit afairiay betvebmthcheain@amet i ¢ | ayer,
t her eby enhanci n%ﬁt he recordi ng performnce of the m,ag{neti c |layer, For
exanpl e, empodigentsdbaidnglede grgias Sepaatedsby penpagRRticaratenlohe ppR-magheliq ayer

238, so : | §q:00K & e i.oh lie close
o the | RearieLHBerBg e £l L 00e8 o d\F (FRORRKF IaUrTucoil by

non- nagnstageetivdb @ 240 naypanpriseign dtide,gneh a5 forErempled Siac THOJ), €al®,t 0 magnet i c
grains tha e Lo 0 change decoupling, and which degrade the
exchange Hbé’(k)@ézi é@gé’foélgﬂém&}éf/ifﬁ?éfz In the absence of a magnetic zero

: ﬁtyg i a; @4@%&@%&, tiRemabReticNafP PhGGHd Wcbid ﬁx{ﬂ@n&fcﬁ%‘e@bb‘@ﬁ{a@'ph' c

ends to have a reduced exchange decoupl 'ng and/or reduced

exchangehaiecothpknesy batvweeo mpproyimiely 20 angsiroses to @pploaimasely 200 angstromsgnet i ¢

| ayer. [0045 en e tic zer ayer. 240 is interposed, between the
|t or i ay B By NAYREbRE VA s ey bickasmees ione ShERES TRERRRG zero

| ayer 24Qrehkndd eﬁzlmﬁhﬂﬁa%j%e%%@tﬂ%@ﬁ%ﬁé@xﬂﬁﬁiélﬁ)ﬂ dM@RratRiah®@r M ties that
are associated with the initial deposition phase on the interlayer.

However , apraeximsately B@ angsifasssi c zero | ayer 240 is non-nagnetic (or has | ow
Bs), the t -uniformti hat | ngtic zero
Paver 2420 SusRdBle, R WAL AN TG A8 e SR oL M ChORRATGNLY 30,

magnet i coxkidy e¢grghiit suthes SeQy) di0OL£C30[ CoOFWeO0,,240/0raN0s,e FePt basetlREr ease
segregation of the grains_and/or provide for nore uniform sgt%r egation of

p
the grai kePbhased L omfalyfedared grapalar sllay, ondayers of 2 GRrpdigmatng waindayers
m crostr i i I y
nor easelh enior 8, S Rot A L 1Ak, 2% iR D fribatPa D et IR
nmagnet i c ﬁlra\j/t&ﬂuc_ﬁx%@onermyn_ d)r?@f mﬁ]ethmddmmefxecrgléeg;eg@ﬁtds}lﬂeam@a,eTio:z_ ljay er ] 242,
may increase uniformty of exchange decoupling, and/or may provi de other
enhanceng CGPﬁP"&Oé*Fé}défEtTéaZStics (SNR, BER, areal density, etc) when
conpar ed bk i i aBn i i but does
not i ncl L%@frégﬁg%e?@i%ﬁ&%%%g‘%ﬂ% ’ %%ﬁ%ﬁl&?’nﬁsom&?ﬁgp ngrr%%%ﬁ; irbgns, t he
magnet i cfarmed ovenperpendisvlad escording lagrers2fiO. ilntothef examp(les protediiyn ogeichait ti ce
m smat ch ith.elastic stress between the crystall aphic interlayer and
t he nagnéﬁm@ayéti?i‘f‘d.se’ teﬁ%}ﬂﬁevﬁ%ﬂ?%ﬁ?‘gcﬁ %&&a%%g)&?ﬁﬁeﬁul ar theory, a
coher ent hjdtbgér araftrédenh Aghésdhi ot SHAVAS $n bdind HEMPKS bhévahormgngslec zer o
| ayer/ magnetic | ayer structure may be responsible for enhanced nmagnetic
recor di nglbﬁﬁéﬂié?}tﬂ%abbe farmedap tet olpraiselivemvereehiiZhe magnetic zero | ayer
provi des ent i I t i . tic
recordi ngﬁ)l“gt/)lélﬁ? ete“E (Q:%r elé}ge?l? 4@? rf‘é@ﬁ&} é\%ﬁge@%@ et?i EE&S?Z&%@%@@%
magnet i c2z&r mterpysingetht imagheticdere Riyecdebetwednithe axatyog23&aciatel i ng of the

magnetic recordi ng _|layer. | n sone exanples, a magnetic zero | ayer nmay

|
provi de F@gnelicdayre 24 Mmayiedice detects dnd/iop Hisresae Wiorputy el i theanagnsiigye

decoupl i Rged therdly RGN &e&@&?{iﬁ%@%ﬂxﬁ%ﬁﬁﬁ?‘@k& an%é%tw 187401Fd; | ayer

t hi ckness~of te%e magneti ¢ zero nes greater than the
t hr eshol exammuenf themhegnatiglagen 242z e fomed daectiygn thausterlayer 238 shmeefithei nt er f ace

bet th t.al | hi c.int . d i ' I . Th
mconer e of Ne pratoein B2 heh it PBRe Prne CLRTIBLIEBURY | ng of
the mag “Eéﬁdédrt%e@' Rggla ARG miriRPdn-F8Enc Hdreal s%%lrzﬁﬁt%%é Bathsabove, first

magnetic | ayer e a nore exchange decoupl e ayer relative to the
second ndbesetdetectsdgast toamapnaticlgrinsdoas dverpyghatiocexichynge deg@iphing, 49 a nore

exc hangew‘ﬁ?c:%r%ie&%dle ?t}/eeerxcﬁgn%g dtepoeupiihé 8% thdg %?Ehf inatﬁee hbsence of a magnetic

zero layer, the magnetic layer that is in contact with the crystallographic interlayer




246. In sone exanple, by including magnetic zero | ayer 240 between first
magnetic | ayer 246 and interlayer 238, the exchange decoupling within first
magnetic | ayer 246 may be increased, e.g., beyond that exhibited a nmedi um
including a substantially simlar configuration but w thout nagnetic zero

| ayer 240. [0048] The increase in exchange decoupling in first magnetic

| ayer 24Bndsie® have ameduced exabange decovplipgeniior resiuoed exgbangz4teconplinge i nf | uenced

by an incr.ease in the nagneti.c cager.civit ) of first magnetic |ayer 246
conpar ed"t! orgﬁtl%'s"fqlfﬂﬁogﬂa%qz? Hha st Oéfgéf’rfﬂf‘%‘eﬁﬁl_@ygr‘v\hi ch do not include

nmagnet i C[(D@sPWiRY €lie BdShetit Re®ABRer 240 WinREpostdBethben MHe ihtefiayer78gRRd i C | ayer
246 may I ncrease by at |east about 10 percent, or between about 2 to about

20 per cethe figptrmagngiac layer 246, sns B maggaiee 7er0 Jayen24(athat coptains manysefithe exanpl es,
the Ho o i r2 I Ncrease. l.east.. j 3 percent,
such as, Ileef.&gtg ?ﬁ%éﬁg@'ﬁllﬁgb& ﬁg%ct)}:ﬁatt %ﬁ%%§?3é£éédo%grﬂgeglﬁgnoa?gggr?ggilog%&lgr% "udi ng a
subst ant thalihtgrisyem Hatveeanbécgudearthé Maghdtic Zead layercl40ds nen-magnetic (or kar o | ayer
240. In sone exanple, due in part to the increase in exchange decoupling
pr ovi dedlosyBsreigs defests aad/gr nenrapiforrotiestthataccyry tag magnelig @erodayr#d) exhibit a

H of at 9 s 1'13?9 9 : t54350 Ce, or
about 1Oéz@ﬁgﬁ%&ggé;ﬁ%rﬁg#&?%gfe@%%ﬁo%ﬁ%,ng\@é}n?gs o&??r@%ﬂg%gﬁgﬁl 2(? %I ayer may
be gr eat The magieticreselapa D40 \nadyl serval to hnuéast begrégatibn of the godinsragiiat i ¢ zero

| ayer 240, such as, e.g., those |-1, values_achieved. primarily. due to the
col urmar POV P mareAifdGh Sﬁ@@&%ﬁn@]f&reasrﬁmé eﬁﬁfsamasaet&flaﬁﬁéé: tic |ayer
240 as d i 11 S Al i ~ ' ange

decoupl i ﬁ%ﬁégﬁ%%ra E{Jlﬂir/rcg%srtll[éltg flﬁgé?l I&?‘elgﬁ é%ﬂty%&tiﬁg’ ?ﬁ@ﬁ%ﬁﬁs@%ﬁ%? magneti c

zer o | aymcreasdthamychapgé dédouplmgatithin oan or moremsgndtia layees efihignegatayebet ween

th ' i vi d th ti lLeation.field (Hc-k f first
rmgnet o2 b by 5t st LR SRRRe IRl B2 ik BT L i o do
not i ncl uePaRRaRebilingil/draX 8y prédide ofHir SRAMACRIREBIBS; chhRiRtetikfidser ence

between the magnetic cCoercivity and the magnetic nucleation field (Hc-Hn)
of first(SNRy R,carwdydemmwﬁcmgen eronpragetommediumduyingsbbsiant@lly theabout 20

percent with the inclusion of,. etic zero layer,,240. I n sone exanpl es,
Phe o~ rammsrocfiEuetibn 3 &5 R0 BBHA aBnd P WE28L0 about 5 40 about | 18
% such FEW46EIsomdihpdméaions AR imaxhéiitRly1a3&Grédésa edhetsnt bitifdoe conpared
to a medium i ncluding a substantially sim/lar configuration_ but not

i ncl udi nidesyabanet e datties wismaydy withcelastig stiess Betreesn il crystallegrapiihiet i ¢ | ayer may
be great j | @7:W . i i tic zero
ayer - 2aBere B iR faBilickan, Yoo S bERGLUFLE B LarliBRAR 1 7, 2

col ummar thebryy e toliezera mutexdaceneiineustic stress in theipterhyerdnagfetit zerot nmagnetic | ayer
240 as descri bed .above. 0050] .In sone eéa L es, the increasg in exchange
decoupl i E‘é{eri/rﬁa@epﬁ aych3fstire mayyherespepsiplgdor eedi RENGUS BB N mgnet i ¢
zero | aygfopdd ' . j h ha, where
al pha i sﬁ{gaualgs gg%f@%&éﬂg@gﬁ@@ﬁ%ﬁ@ggﬁﬂg1@316%%21%5?]gééregé{ge bet ween
t he magnmtdértace betmesew theyingflaydragd theagagietic rdcayding Raér, thedohérentsingset i ¢

nucl eation field.of first netic layer 46 (j.e., alpha s Hc/{Hc-Hn)), of
irst modRubdPy g pressted o c gt ot st St imin@r R rediahitie Tt
whi ch dOdé@hpliirrgcéﬂiﬂ@nﬁgﬂaﬁtré@ora@%@a;Jeayﬁlrsoafé%xaﬂnglesmammb@ﬂayérhe al pha
value of first magnetic |ayer 246 may decrease by at |east about 1.5%to
about 15Waperevads fofp coharend intadpeesicepmpaniehlpphinercasedexehangy decorpbing im sone
exanpl es - ffir - | east about
7% such gls? m%ngﬂl‘p&g?/%g{éﬁ? %éa%s tgsglﬁrgéﬁn(g{aé’%éﬁ&ﬁ%“%gﬁrr%gfﬁ%%eﬁ% Z%Bmedi um

i ncl udi niyer. sAdthicRindssell dryatad thad e tipesHol darhadintothe udgnewd zerd tiyecingg  magneti c
zero layer 240, Such val ues of alpha for first nagnetic |ayer may be | ess

t han t hoSisaamineohsedt IpferiAcsRetVera the ervsiellographic irigriaser andmagnatisyer 240,

such as. 1ofling (08 he bR YR NETATHAENE: B d {IRIOh iflufatkfgd he col umar

structure an magnetic grain separation first magneti© |layer 240 as
descr i bedecabplineg of the magnetic recording layer.

[0047] For example, as described above, first magnetic layer 246 may be a more
exchange decoupled layer relative to the second magnetic layer 250 and a second

magnetic layer 250 may be a more exchange coupled layer than the first magnetic layer
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[ 0051] Magnetic zero layer 240 is preferably a non-magnetic |ayer but in
sone cases nmay be fornmed of magnetic and/ or non-magnetic conponents. In
sonme exanpl es, magnetic zero |layer 240 may be a conbi nati on of magnetic

el ements and non-magnetic el enents. Depending on the ratio of nagnetic

el ements to non-magnetic el enents, magnetic zero |ayer 240 may be a | ow B,
magnet i c24@ylarsome example, bminshiding magnsfic Zﬁ@rlai@xaﬂ%b@tweﬁhﬁf%mﬁéﬂcc zero

| ayer na t 100
emu/ cc. %ng%‘%eﬁ’é‘i‘g‘%}%{’ Eb?%ﬁ%g&%ﬁ%eéeg ay g%@ ﬁﬁsg-)?/n %gﬁﬁcﬁl&&% HI east one
of Co, CmayBdindrtased)ad. ga,rbewm&ﬂnat &ihitited 3, m&digm indlading axulkeantiatigr e t he oxi de
i ncl udes one or nore of Si02, TiO2 CoO Co02, W2, and/or Ta02. In sone
exanpl esSITRRT epnfigaration buhwithaw smaegstit 2saiaver 240-is the sanme in the magnetic
zero |ay t magneti c
ero | ay B eteled A RARE M b Al ol TRy SR 8% o' 0627 The
conf i gur akclueionalf meggetit Zeto Faye240aney béﬂﬂumdwml mkﬂrezise lin thequdgnetat
interface betwe i nt.erl ayer,. netic erein the lattice
i st e hCHBOHRB Y RE BBt magaqtic Aker U8 SOPRARC st oL Y e ed, e.g.,
in FIG &e@ﬁiﬁ{lé@@&n&‘%hﬁﬂﬁe ﬁ%?x%ﬂx'c%el%tlﬁﬁe?§4w iédind BenlpMs! 8 BRYirdi€ present
at the interface, which affec roperties of the maferials. In some
conf i gur miagis, laydné%ragtwencr@aszby@t leagteabomml)@ Ifemnt, ior hetavehe tleoud 2dpi t axi al

wt h b th I th with d I in FWAM
DEor " ot 2 prrotRt e e e el S ey oY TSt b b n (002)
Ru of thg, bpfifst lawxemeaﬁaiy ﬁleﬂaaAeWattl&h@t a%g@;aidaﬁél} @)é@frcexhemmamgﬂb}@ 3
degrees (as il lustrated, g., in FlIG descri bed eovv). When the

i nt er f acé lpast abawy 459 O cpmmeddmmdtum tncludinpheybsiantialht ¥milate, the lattices
at the i Qén?{éﬁlfa?%n%ﬂ? ﬁ'gteinclgdlgg n%gn(%stfcozlec hfagg%%ngn?(#lg n)gah?ﬁntdu%%) ﬁ%l? ne to one

mat chi n r el ease i ¢e mshatch is

above 4%(the gherdaye Of exichangdeletduptibg peovilled tagigRti€ Férg layey 249,0063] The

t hi ckness of magnetic zero | ayer may between apprOX| rratelé{ 1 angstrom and
appr oxi nﬁ‘@é‘Peﬁlciaﬁ@@@ﬁ’g‘é’W@#ﬁaMW hakpyt 2Emddibabt 9 @her abiiosi ti on of
magneti c X2 r 240 have a
t hi cknesggﬁnalag%%tsﬁﬁé)g baut ég ang s?n%u?rlgsocj;?g?gg@q{ﬁ‘é%&%ggt{y& angstrons,
or even magseticHayer abylte gtéatanhat momach{e@ﬁlﬂé]wﬂhbumhe irchasigrl & magmgtiet i ¢ zero

| ayer 240 c rjses Co all.o Vi n oncentration bel ow
ap%r oxi nﬁ%ﬁ)i%r Pr&%assﬁéh tl&’é Eg"élu 8 @Fé‘i% ﬁngﬁﬁﬁ%‘% the §PIwENL ny, and
appr oxi "ahehyte Z\Qd/@fx'ﬁ%/ eﬂa%ﬁaw ﬁﬂ?ﬁﬁﬁﬂtorf%rrét%gﬁ@t){c Q?eﬁ#@%td@s%hb%@e alloy is

substantial |y nonmagnetic a magneti c nonen bel ow approxi mately
100 enu/ @wveAdditionally or al ter natively, in sone exanples, magnetic zero

| ayer 24 ri.se naterlal Vi ng stal structur (0001)

or i - oMaSf Sieme: hedtiseies i prbidiiefatininedtite Brepbid o ea el ne
lattice pahaiRhRiondf rhddRectid £&6 ldy¥r 240 MafBE ilfRkAEedVy dnthereh)ifthe?38 and/ or
directly adjacent | ayer of magnetic recording | ayer 242 %@olunnar

decoupl i figfereange petwzgr themaagnetis @omgmé@mbthlememmlqaégp W Wersn) in the
exanpl e tdc zero
Cayer 2480 B Fhgiic jhA0 236 oAUl bl i ARSI e FRAREALC 20001 ¢

or |ow Bﬁotrmsgn@et mag@tlalzarod@j?@§4&nﬂl wmeamrrmau&w differemoedizelden the ai n
segregatl on nmaterial.. Exanpl e non- rragnetl c ral n seg Sgatl on materl al may

i ncl ude BRERRS cogrelyity agd e magnppic npplept @féﬁi (Rgin) ghfrsh magngiin)l ay"ﬁl t r| des,
car bi des, 4<ﬁ'i‘1q BREdd ?@ﬁy at 1855t GOS1E 31 Bkt 20 %ﬁceﬂf@ftl‘?ﬁfé‘iﬁclﬁ%ﬁ?f A

substantially" equal to or greater than 't concentration o p ous
mat er i al zéro ldyier 240 rﬂng;netewxamgy:e,rthaﬂﬁ }&dpfafnenlayd:rd%xiga}empreasadr}oatllmmr 240.

I n sone goncentrat i of segregant anor phous
material 2 ab uﬁn?rétﬁﬁg?'lﬁgg 9r%‘° Ay g‘@ba %’é’ %f‘ ci‘? ﬁg toaM?SQ)O nol %

and/ or goe@bﬁPa&b@@a alaim M4 sdb@taﬁl‘i’am%/ &maméoaﬁguﬁahsn ehdideal Iine grain
cores may include alloying elenents that reduce the magnetic saturation,

Ms, of rrmgh!émgdnz&nebc lzqyéayezze)o whidhev alueis forafinsi mggxmﬁc HoRr may tbie cgeeapmr amet er
that is n Qne Q a er of
i ntor| 2y SR SAEE AR abi e B0 OF lRiie et Wi 2 SR ¥

i ncl ude hose Fﬁlues@dhle’é@i primarily due to the columnar structure and/or magnetic grain

separation of first magnetic layer 240 as described above.

11



Mh, Ti, Cu, and other elenents that alloy with Co as HCP sol ution at
relatively I ow concentrations (e.g., about 20 to about 40 at% . For
exanple, if C is included in the nagnetic zero layer, the C content may
be | ess than about 30% In sone cases, the alloy el enents used for the
magnetic zero |ayer nmay be different than the al]oy elenents used in the
magnet i c[Q030kn some exgmplesathe dncredse imexchyngs depeunling s st magpeiic la¥dinet i ¢ zero
| ayer na < i i , h the
or opor 1 LAeBug BERERRR driRBRERt, el I HBPRE AU etedl, (ot

f r om t hethervaherdfiatpha, whert Aphe liedg@al ® thamapicticrgaeivity divided by {1e056] The

t hi ckness. of a magnetic zero | ayer, may he inversely proportional to the
segr eganfliftesince Retween thegpagnetie eQerciv iy of first mragneticdaser g6 and thedpagnetiagnet i ¢

zero | ay . b . J C cl gLASE etic

recor di ngﬁcrlre |0§qmﬂ?}&1&§ff§gt%%§ﬁlg%§h? i:eéi:a g%hr%at iﬁ%ﬁgl}?@’ g%lfi\}/%??gﬁggher oxi de
cont ent ldyer24tcovpgraes tb Guisstdritiallk eimitar gxahple nrdiaowhial do notmcimdevi ousl y

di scussed, the anmount of oxide (or Qqther egant).in the, netjc zero
o hgandl A DEr e, 3 e Samalte. Bhe DA i p sttt TORCAS e oni de

content gfayliBGe ARGk Idast MYEI 1.5%102Bdut 5% peednt withlthOWcHisRarotm 111 ustrati ng
an exanpl e"technique for formng a magnetic recordi ng nmedi um having a

magnet i cmagnasiclzgyelay¢redfe dm semé exasnplesy re alpie valugrdifirst layes @d6imay | ayer. In

some cases, th netjc o layer is in direct contact .with bagth the

it er | ay BRERSATCY AL GRER e Pubab < ofy plled By RRR Bz dibetd S canpl o

t echni qug nffdivm fﬁc_l&liﬂlﬁsa SpsantiARimbhconBigafation Bull di ifohaiiRg ﬁ’la%l%ﬁ‘ér di ng

medi um 200 shown in FIG 2. However, exanples are not |imted to such

conf i gur &P davst 249 0%8h values Rbelnha forfirgs magnetig layen myebe legsthgnihase deposited
354 on SUL.. The aosi;ti.on pf interlayer LTL i ncl ude

t he sequgér‘]ri"fzvglgled"é%bosu? ﬁ% olﬁdg ‘°%?§%‘€ %}ehc r%%roéﬁ%%eé%%gysgl?h §§§ag%§§ “in4ar seed

| ayer 238flnesdetlicved pritnarilyditeas el doturhigiy efrudtdi®and M giaghétic greino | ayer 240 may
t hen be deposited 356 on top of interlayer 238, e.g., directly on top of

i nt er | ayé&spatatign offipd awgaeiq lpyer 240 ae deseribed, &ovo42 may be deposited 358 on
magneti c . di _ aL i he

deposi ti L%BQFM%%K&Zl%g&}aggreérho’zlﬂgwggrg&b' Xréclﬁ}de N meE @Sﬁgﬁ? rllg gfe:?)sggi tion of
first magngbedomsedarl n2gbeticatlangea-hagnatic tayponeAd8 In amde sxamaples, magnet i ¢

| ayer 250. [0059] Any suitable technigque may be utilized to deposjt

i nt er | ayB® @,Z%@ﬁéﬁ‘*@ BB RY 4%{37@11@@@,&&?&:91&%%8%@8 PG BPN-FRENCYC some
exanpl eSelemhells: WRABRAAOGH HRYMICH ABrRiOERARnE Rbn HREHHI dBkctg used Lo
formrespective layers in interlayef 238, nagnetic zero |ayer 2740, and
magnet i cmagedicdieryglayen40 mayhe DopeBdinagnetin 14yzy er a peropegndtisdayean Fondi vi dual

Layer My DIl B gt Wrtafilr Wy hadt o ThutdRnGndtRRAS itk 8hsity, B,

below about 100 emu/cc. In some examples, magnetic zero layer 240 may include at

least one of Co, Cr, Ru, Pt and an oxide, such as, e.g., CoCr-oxide, where the oxide
includes one or more of SiO;,, TiO, CoO, Co0,, WO,, and/or TaO,. In some examples
the oxide or other segregant material is the same in the magnetic zero layer 240 as in
the magnetic layer 242. In some cases, the magnetic zero layer includes the same
elements as the magnetic layer.

[0052] The configuration of magnetic zero layer 240 may provide for a coherent
interface between interlayer 238 and magnetic layer 242 wherein the lattice mismatch
between these layers is less than about 4 % as illustrated, e.g., in FIG. 5 described
below. Elastic stress within the lattice may be present at the interface, which affects the
properties of the materials. In some configurations, the magnetic zero layer may
facilitate hetero epitaxial growth between the interlayer and the magnetic layer with
delta in FWHM (Full Width Half Maximum) of crystallographic rocking curves
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steps. Despite the nmultiple deposition steps used to a forma |ayer, the

| ayer nmay be referred to as a single layer in sone instances. [0060] The
deposition technique used may be controll ed based on predeterm ned | ayer
conposition, thickness, and other predeterm ned | ayer properties. For
exanple, for granular |ayers, the sputtering nmay be perforned in an oxygen

envi r onbeiveen (e nBuof ¢heoricdays agd phthermagaeiialayerbadowepei®dd | ayer. In

such an gx | e, . cong ration be, var i ed t. trol the
concent - SLRER @ ERYED 015 it ShePolBdF, FbEy RFRE 52 | nel udi ng
oxi de matéiviesttd GomOdoRefen@In BB Gl iftefREY, GEdhitioes dralicintedfacéthangetaised to
sputter deposit_ a layer having an optim zed granul ar conposition, As noted
above, i Rewplophiometngarrgnggment @on epotd enganatolnpg mede) with relepsed plesticayer 242
may be d i I s j o2l a ' netic zero
| ayer 248&’%%}1 drargls\rfléet? f% ayag(gH 1%%35\%&{/}36§‘gg§)gc%ruﬁ§1riéfaa%p§¥§6? hd-alégl%le EE]I ude grains
segregat égd by an oxide or other non-magnetic segregant. [0061] As anot her

exanpl e, as nohe .above, the sputtering pressure used dyring sputtering nmay
i nf | uenc WAL The higimass oftmagdietiy zerefayenmay BEeEn ABPTPXRAClY L NGYHM exanpl es,

t he sput } I 238a-c of
nter | ay o o e g e Mo or 242 mmy
be sel ectmagnaticcterd lagtr 240e Someaxainpkes af ¢ alagnetarzesd layert 240chavéa thiokreds above,

in sonme e es,, a sputtering pressur be selected to provide a
col ummar SLEFUIbEn it 3P Brertiapisdy bres 598 Gt 45 PET I RBEI ISR 98! such a
col ummar 15hAsebHIse, separated by non-magnetic segregant, provides exchange

decoupling in first ma%r;eti c layer 246. Exanple sputtering pressures used
t o depos(@0S#hincenemxemp3 81agnetiprasta ayersd4d dompaises2 0o aloidhanngafret i ¢ | ayer

242 may range fro r oxi nat el tqQ,200, mlorr,, such as. e.qg.

Zppr oxi mERSFY R RESRY RESOAIENTS P P g s PRAEPERTAREN 2he

i ncl usi oftnPh af@epRbkienatély 90 YRl 24T ehvearAtion hek brysach hdbthaatoyignet i ¢

| ayer 242, one or nore variables of a deposition process used to form
respect i fubstaaiiallsnesmagagiiedvaee magnasie ragnenioBs belowappraximatelyf i nagneti c

| ayer 24 i . 1 | ev Q I nd/or to
provi de %xgp)%g't %ggﬁlﬁgél e(r%% ﬁ{g@aﬁ@ghﬁl Sg)h‘gee%(%rgl?fe?’%ﬁg@gﬁ?gﬁﬁgyeggﬁﬁi ncl ude
sputt eri egmprises auigteridl hevia@ acETR édbtabdrudtur® a6l ) gesveth dHeachtidhyandg reacti ve
sputtering, and sputtering bias voltage. Exanple sputtering bias voltage
used to lfgttf&gqafam%%réﬂlb%twaﬂz:@syalﬁﬂawéﬁfitlee paametepgbthe sirgctluiacspt nagnet i ¢

242 may : i . j s, e.g.,
appr oxt medor o bfeC Y APEAHAR oty Mokt OB BloKeitig 1S0EDARC,

sput t eri (oplypnis dacaipling layen238e\antl ficst mumnetialayenr46aredpesputlyemithg bi as

vol tage na tie ﬁggﬁébed rel ative those val ues used to form correspondi ng

| ayer wi FIF%W %° ic recordi ng medi um havi ng substantially the sane
struct ur gosst Adtfioasly 6 IREREVE, MEERL 2¥1RMaydrQu0 Sy TtI8de &lPRniar part to
the effects provided by the magnetic zero |ayer 240, e.g., Increased
exchangealistiaypig argstalhine GP ronamhagnetiaiof Bt nagneticrgszin eoreseed &t vi ty, and/ or

h f ' . d/ fi ic | . . b
Geposi teagirmny BOFR RS GAEBEn Ry il B, FPIRR for BB C AT Y ng ror

an over akdgrégavieh niteriabay dhodgenides (ERNSFO L TUD, o0, ToOs VWD, paidar than a
magneti c_recordi ng nmediumthat does not include the magnetic, zero | ayer.

For exanpp@?), viffidessearlyfess apghperides ¢ The concenijationpf{ imerpiipug matgiabiayal | ~ | evel
f h i / LY i i i 6 that
’s equar Op SUSEROUR bl B oD AR bieh fuldyl ToptBRANGS Y R GREC 11

i nt er | ayanag2dis layer 246 adjacent ko ghgietis putotleydr240 piressny examplesythiehout a
magnetic zero | ayer. 240. I n sone exanples, the sputterin ressure used to
form i nt ENICAYEHIOR RS SeRaganbBIAieBRL, cithcOSpAAHS TRAIEHAN 1 BREMANGFO TRRE 1 1 st
magnet i Coh@ay be 4RalRYhadldbbht ﬁﬁsmaﬁd/b!c%x%@@ih% abd\RA1 038P, 0N ¥Big! Y 4700 Ce.
In general, despite the adjustnent(s) of one or nore sputtering paraneters
i n a manesamplésthewoydtallipegremaddrgs e mehe allbgng rlehenyehateedgplitieng wi t hi n

first magneti,c | r 246, the exchange d upl.ing.within tj.c recording
| ayer 2aBoggsaiifion: Wi omreren o0 der o70 SOuR MR poHedn THOE 4SS o

i ncl usi Opar@inefERgaAeisi sibagitRlly aieilar 28 EndEt MBRIDSitHY KfjdcRNEhyet DS iRbdaysBgnet i C

| ayer 242. 100641 In sone inplenentations, magnetic zero |layer 240 may be

: : . Y
provi ded2}etdamagreHe dyenyed- rde allovargelements mpayrincluge €5 PRy Mee t he
exchange decoupling and/or coercivity _of first magnetic |ayer 246. In sone
exanpl es, nmagnetic zero | ayer 240 naﬁ3aIIOM/for i ncreased segregation of
the magnetic grains of first magnetic |ayer 246 with | ess topographic
roughness (surface roughness), |ower concentration of reactive oxidation,
and | ess total anorphous segregant volunme within first magnetic | ayer 246.

o o . . ) o,



crystal structure of interlayer 238a is FCC (such as, e.g., (111) NW
(111) NFeW with | ow sputtering pressures (e.g., 2 nilforr to 20 niforr), the
crystal structure of interlayer 238b is HCP (such as, e.g., (002) Ru, (002)
RuCr) with | ow sputtering pressures (e.g., 2 mlorr to 20 niforr), and the
crystal structure of interlayer 238c is HCP (such as, e.g., (002) Ru, (002)
RuCr) wi Mmn, fi.dfu, spdiother ¢lagents st aleswith Cg.as sadetorn® refebyely lovd 200

T o . L 8] d. E :
(nteri abRieoSliofeTs: walt FANENE My £5EPRI585 ECeRInoB A 2sec).
[0065] | fha RIAAPErSthe CH\eBfitehmhBé RIS #8n aBou3094) Inkbeik!cases/thé38 has a
t hi ckness bel ow about 25 nm first magnetic |ayer 246 nmay have a Hc- Hn of

great er eliRarelemppntsuseddpriby meppeticrerainyermpybe diferent shamtthallass than about
4% EXAMBLER, Ql?%glll &ﬂ%@fl.[rr?étfcgw‘egg{ne%)gﬁg;%agéﬁ, HeSulol lehfitdnits¥E Plot{hﬁgne or nore

enbodi nents 0 osur I'm he scope o
di scl osumagndtiRCeidllafmran®) e the [[4168d thyss used $n theangnetipype alhaughalie magnet i ¢

recordi ng nedja having a | ayer configuration substanti al simlar to that
shown i nPiopestions agﬁ\f*é e%ﬁ@ﬁ‘é?*@&“%‘ﬁﬁ%ﬁlla@t%}’ wb%ﬁ&er&%& MéhS nfl uence of a
magnet i CB%?BRithXP{he(e'l' n'tsai}{‘?ﬁé'%a%ﬁ&i r he interlayer |ayer and nmagnetic

recordin ayer, exanples were gener at to have nmagnetic zero | ayer
t hi cknes ¥§6pThOthickness, ofmaanaggtiezéro laer maly by émversehyppropertionsldd yhe?2 angst r ons,

' ly 7 ' ly 1 ' ly 2
D O T oS O DB B Bl 1 AR B RRELOTRLE Y 23

enhancing the recording characteristics of the magnetic recording medium may be

enabled by incorporating a relatively higher oxide content when compared to a thicker
magnetic zero layer. As previously discussed, the amount of oxide (or other segregant)
in the magnetic zero layer (e.g., in vol% and/or mol%) may be equal to or greater than
the oxide content of the magnetic layer.

[0057] FIG. 3 is a flow diagram illustrating an example technique for forming a
magnetic recording medium having a magnetic zero layer between a interlayer and
magnetic recording layer. In some cases, the magnetic zero layer is in direct contact
with both the interlayer and the magnetic layer. For ease of illustration, the example
technique of FIG. 3 is described with regard to the example recording medium 200
shown in FIG. 2. However, examples are not limited to such configurations.

[0058] As shown in FIG. 3, interlayer 238 may be deposited 354 on SUL 230. The
deposition of interlayer 238 on SUL 230 may include the sequentiél deposition of
crystalline seed layer 238a, columnar seed layer 238b, and columnar decoupling layer
238c. Magnetic zero layer 240 may then be deposited 356 on top of interlayer 238,
e.g., directly on top of interlayer 238. Subsequently, magnetic layer 242 may be
deposited 358 on magnetic zero layer 240, e.g., directly on magnetic zero layer. The
deposition of magnetic layer 242 may include the sequential deposition of first
magnetic layer 246, exchange break layer 248, and second magnetic layer 250.

[0059] Any suitable technique may be utilized to deposit interlayer 238, magnetic zero
layer 240, and magnetic layer 242. In some examples, a DC magnetron sputtering
process under vacuum may be used to form respective layers in interlayer 238,
magnetic zero layer 240, and magnetic recording layer 242. Depending on layer

properties, an individual layer may be formed using a single or multiple deposition
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[0069] In each of the various exanples, the bottom SUL was an anor phous
FeCoCrB alloy with a thickness between about 100 and 200 angstrons; the AFC
| ayer was an Ru alloy with a thickness between about 4 and 4 angstrons; the
top SUL was an anor phous FeCoCrB alloy with a thickness between about 100
and 200 angstrons; the crystall ographic seed | ayer was an anor phous Ni W

al | oy wi StEPS [PesPHR HiegBullip B%l%bﬂ?P%e%W@@adﬁwt%Werm €ol urmar
seed Iay{eerfe 030 Igir%%i gérqxs Hhs Lhi ckness between about 40 and 80
u

angstrons; e co ecou I ng ayer was an Ru alloy with a thickness
bet ween {sﬂmnl TBé‘)demdltlbﬁ@ecmnglae usetsmay hecamn}pﬂied based enprédayeemined dayer
CoCr-(Ti 02 rraterlal W th thickn ssesvr as.indi cated above); the
oLt ot nEGHRTTIO Hikrbi en bR Sg D9 ey o1 HORRH S oL SXBRRBeldh Rbout 60

and 100 grgiak s, oS RISHERIS Bérﬂ%%nh@d’ﬁran"@( Seaaffihmeh! @it 2

t hi cknesS betweén abo 5 and 10 angstrons; the top magnetic | ayer was
a CoCr Pt oXilie 6Pregdatipg mapdriafhinpa d¢posﬂt¢tblsserbémmnmemple20xmd 50 angstrons

fol | owed | t t hi ck b bout . 40. and 80
angst r onfoReEREATOR TEscRs VaHEH 48 bondisT OB BRSNSl RF R NeL THS e of magnet i
coer Ci Vi Wefnal@veltikafiRt ind1udingd BEMEhberigIQR otther nbi- n@dgﬂeﬁee@g&%hﬁngwucl eation

field (He-H. ), respectively, Tfor the bottom magnetic recording |ayer of the
magnet i cmaWélm@]ébQ u%edrfagmtteir depasita lpysy dpvingias Rpemized gramulgs exanpl e nedi a.

A5 Showneo GOIRAL ud QD BGTEd AN RelIRGNEL 18,4 3460 LANEmbgLyeen the

crystall ogr Ici ayer an a er (corrésponding to

a magnet la@eﬂ%hﬁ&@deﬁo@h%ﬁ@ Sp?uttéhng € forinh g}hﬂﬁar lé?era rme 4ienetioidio t he He
and Hc-H' val ues exhi bited t he exanpl e magneti ¢ recordi ng nmedia i ncrease
up to a laged40andanagastc wer 8%y hegr@nslavlamgéw Hieludg graiphisgredtedease in a

roughly WE&BQBEBrB@%M&Pm@%JﬂQ? %Jg%aq.{fness of the magnetic zero |ayer
e

i ncreases yond approxi ma rons to approxi mately 33 angstrons.
The i ncr $&HAs IancHhamiaEIpb b:lsnothdl alsdvepthe sputtesing tphessura abedsdwrmgof  t he
magnetic zeraq | aye tinhan es {he exchange .decoupl.i ng i n_exanpl e magnetic

recor di nEPUEENS aéién et of terowltingB¥et NSRS di ng medi um
that doegyfQiled, ﬂﬁ:ls‘ﬁﬁﬁe %ﬁﬁe‘tﬁe&%@n hﬂ)ﬁgftmlg[og@al}no'r:é f@yers 2'3§a-'€1oP| ot

showi ng, for the same exanpl e perpendic r recording nedia of FIGS. 4a and
4b, the vherlayes2s andive onabt inoee }ayasrﬁﬂé,rﬁbmf\rmgnet(cﬂlﬁge)rmmbdwe interlayer

and (002 m.magneti c recor a v us nmagnetic zero |ayer
t hi ckneséelggg&élﬁﬁ\%ﬁtt&}? ha%ac%lmqnlar glrrrﬁ %@P?tfgfé?vc? P& reaches a

t hi CkneSéxdﬁipl@epErsﬁa%tdmg%kéésireW%rs@@bedttdﬂﬁrolvﬁietd GRurha¥BLetire@s NRi Nt ai ned
bel ow about 4% indicating a coherent interface between (002) Ru of the

|Et eL | ayB¥terigyar 2350y fast megnete layay it | Suchacohuneg siragpete, qpm&déxy | as the
7
anget r onbo megreicTREREMC B fids oRhahed AEGRATE I BEXANE ARG A Y, [ e

m smat chEkanaple apettrig@rasaboused4o aemerteﬂeﬂayelr 088,aaidnegdc aers Wbzt 240,i al |y
i ncoherent interfac between (002). Ru of the int erl(%lgr and (002) Co of the
magnet i cARKAIRIBISHE layges42 may ramge dGopbinpeeKigatcly 2 20 lpirssush agiegs. 4a and

4b, the 5@%&@*‘1&‘ l;@@%ﬁggqtzgrner%%th the coherent interface appears to

i ncrease e 1 nduced stress at t interface as the increase of the lattice
par anet ef0062} & comindaiontwith themsdlesion Momagyietic ebradsyer 240 tetiwgen if¥rldyeut bei ng

bound by articular this in e oherent stress nmay contribute
Lot he. eAmaineEasmctE i ien L 008 BridrasBalss Pho PR sERgERIP LA rS TBhet |
recor di neg&@w 'Iﬂyei@’fl‘lﬁﬁbd'uﬁn 200 #la§bRRbnitbildd tb *ﬁ?oMbCf‘oeﬁfa@étfc Iierangd He- H'
shown in However, at magnetic zero |ayer thicknesses above

about 15havinga predetermmed level of exchange decoupling and/or to provide for other
properties. Example deposition variables may include sputtering pressure, the
concentration of oxygen level used during reactive sputtering, and sputtering bias
voltage. Example sputtering bias voltage used to deposit interlayer 238, magnetic zero
layer 240, and/or magnetic 242 may range from approximately SV to approximately
500V, such as, e.g., approximately 75V to 275V.
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angstroms, an increase of the lattice msmtch was observed along wth the
nonot oni ¢ decrease of He and Hc-Hn displayed in FIGS. 4a and 4b, indicating
that the incoherent interface by Mo structure reduces the exchange
decoupling in the exanpl e perpendi cul ar magnetic recording nedia. In sone
aspects, FIG 5 suggests that the coherent interface between (002) Ru of
the Cl | 0g68] brsdn{e0iXanpiss, mfe drimsorp of gamdring pessurggggérclevelcor di ng | ayer,

e.g., wth associated el astic stress, nhance the. exchange decouplin
i he pEASGREATONI S SPEEGTRS N YRUHER ey S @npieq rolatRihaseASased g i nt ai n
the cohef@micokbniAGEaa e WEDa HAEndtRA2dorng Medithf hiding SWtRFandRmly {802) Co of

t he perpendi cul ar magnetic recording | ayer, the magnetic zero l|ayer

mai nt ai nsamesirugpire bidi vaithasit g snaghétisgpeaplayer. Bor sxapplacdue inpertitmther | ayer and
magneti c tlrfe ordiiagelloa}/ers. FI.G 61i S Z(EI ot .l lustrating the di.fference in
FvaM ( Fuf Ry RIPRIER PY R AghSHY 2P 1orey $8% & g PESTeS K ERAREREc©YP bet ween
(002) RuaBburtfénd/ext @iifornRy, iadkdased@8dreivity Odndisidiimefragn ahieflay@@98¢li ng | ayer
versus magnetic zero |ayer thickness. AS shown in FIG 6, the presence of

t he magnand/er fretrmagnglie laygo246 mey be depnisied waing y derseased spudieng peessiee t a FWHM
of the ( . I r pnce. th | [ n the (002)
Ru and (%8@% Stggpﬁ%g&ééé)%%éngg rg@%(e&ee ?/fsrggoﬁg ngr?'? rtgfé‘é(%@f)? &H?agrtpﬁ]ééﬁgxanpl ein
whi ch t hpettorgata maghetiordcaydig Madium thil ddes assinclhdathewhagastiongs ldyens. 100741

As shown_in FIG 5, a cgherent interface between the interlayer (Ru |ayer)
and t he Retgremple, theyuse of emagastic zsTo Byer 1BaY PRoVidesnpyaralyeveh ef pxehangee
sta

m smat ch .S, - . A0 d i 6, the
epi t axi afl&??@ : i | ogrcggrﬁﬁ@@e#i ?‘23? Er)ﬁeﬁg%cﬁlé%ﬁ?ﬁ g&ﬁhgrllsde%gl T%g}\e@?%ﬂ ggtleﬁe

mai nt ai néen hat bhan ecnglianedia\wiWidiat b antédaylet 23 & fremet) at abighert dpattergki ng
curves) between t Iagers bel ow about 0.35 degrees. Therefore, in the
exanpl e BIGSWRE bytvathoyt § magasticzepalayen 93 ApAeTRE S3APIGH: e PHECMher ent
interfac sy I Y : o®irgiraigaed by the
conbi nat ?rgﬁﬁ(})%‘,\ﬁ\%ﬁggl atti tceléﬁ%&szr%g?gqﬁ&%gtl%g%ﬁtaﬁgﬁ)ix%?gf ngyer'ran’d the first
magnet i cfitsayagndiisl layer 246 aray stiH davoars HagteaFenthau apprkimateinA 8 Oaldht a bet ween
the Ru layer ;apnd th . | ayer, bel ow 0. 35 degrees, which correspopnds to a
mgnet | cETE SEnp e 80 unEIRGHSL BE o ERre HETATNG GHEDFER BAGPRIREIAL hi ckness
of appr oxbiRtRh¥ralty dedrest &%chh@em@%@qihg yﬁﬁﬁr@ﬁfs@ﬁﬁgxﬁtféﬁﬁ‘%@ 246, théicoher ent
interface between the interlayer and the Tirst magnefic |ayer, due to the

| ack of e¢ivhargs degupdingrvathin magséticreensdingdayer Bé2 may e shbsjantiglly thee nagneti c
zero thickness hetween out 11A and about 33A can be, r rded as the

ot o oty SR LFRS IR o B0 Ra BBl A A oe' 1o the
non epi t AxdrRlyer 288addmedpineti\lagedf 242e. [ 0075] Exanple 2 [0076] To further

eval uate the influence of including a magnetic zero | ayer hetween the

i nt er | ayE064hH seasatnlementationg, mggnets agro Taysr 40 mpxbs petvidsdhebyeennagnet i ¢
recordin L2 4E ] i medi a
(referr eg‘t{fgﬁg@g TYPE r%@\%gés ﬁ?ﬁ%@éﬁ?@é@%%ﬁé@%ﬁ% d%é&utp ﬁgggﬁds{grd i n Exanpl e
1 but w tdemeivitpofghmbpueticdayer Rd§.en sonfecexamptesdmegrmtip zerorteytr 24 mefyer red to
as TYPE and .t hird exanpl.e ferred.to as PE O had suhstantially the
2o conthyt RAiTSREL SRR GnpF herarsmenc Sefls o NEaRePE 9% 7 Mthagnat |
zero | ay ¥4 - ' GRRh&Y) I St ivdowever, the
pr ocessels%g_suis&gdgr;a gmarr%%ggggéag %gfa_!i_{:{erE B %’d@{{ggré%ggﬁpl J<.)afs:)llg_\§/(glri ed. The

sput t er i oxidpiiane endlesnigtal aslernhons segngganiofolmPvitBinBrsemagreticdaxer 2t t er i ng
process and the disk structure.to the IYPE A .exce or the insert of the
mgnet  coaeh SEPES dErhY e ahslad, i iy ORE 20 oy ifude i e g
nedi a. ThRgedhdtdrahé RithRIBEARE11RB6hstHnS korpssitidrfrém af sitdiesphiietatgeiiedi a wer e
the sane sputtering process and disk structure as the TYPE B nedi a, except

for the buidhgamerphpesmpisrial whune withiglisst wagnesic fayer #hmayibegecispasgAdyi ¢ record
| , 2 ' ; : FI G
2™ 5t (sl Sxidanioh b Bhe IIRGAROE RN ErabiBsma Mgl A BrliEARFEET, L2 |

medi a. Theelsyfektlangadeqoupiggswithin firfiemignest layeg4d using etpivelyllawer 246 for
TYPE A and B.nedia is referred to as %fi rst sput,ter'inﬁ %rocess and for
TYPE C nEthl§TA8 PESTURR (s efPUBPIRRTEPY OV e paramately fmioEr and 2

sput t er i pErop) RE&posit thtdrdyer fss?'aa?d ﬁ?g%Pb\Yr ONRiteTRYE 381t 8e FRHalFON was

applied durihg the deposition o Irst magnetic recording |ayer 246.
However , FCQ+Rhe Interlayep P38 &irayed pf BEESRuimayTiMBPlEdCexaneples ialwhaghutheer i ng
conditions were sequentially applied during the deposition of the first
magnetic record | ayer 246. For exanpll®, during half of the deposition
duration (first half |ayer thickness) a | ower bias voltage is applied and
during the remaining half of the deposition duration (second half |ayer

t hi ckness) a higher bias voltage was applied. Such an exanple may be
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[0078] As indicated in the follow ng plots, the sputtering pressure used
during sputtering of the Ru decoupling layer 238c of the interlayer 238 in
each exanpl e nmediumwas varied in each of the TYPE A-C exanples. In
particular, sputteri ng pressures of apprOX| mately 80, 90, 104, 120, and 140
mlorr were used. As no i i nstances,__an increase in

sput t er i RS suctre oﬁg@glqygr ﬁﬁarﬁ; Fﬁg: (F&Wh&éc%&pﬂlﬁbNPWyé}ll?MeW? t he

interlaygr t he magnetic
| ayer 24 éﬁg@t gﬁ‘@%e |ﬂ§§%§%@%%%ﬁ@tm? %ﬁg@%@k@?&&g%a and 7b are
pl ot s shintenbayet h:eSbaxc‘,—I(Hh@ec}dmelgpl(O(mg Ruey®2) RyaCn)a\ginleldvmsmmerin'gvi ty (Fle)
and delta of netj c_coer |V|1Ey and. nucl eail on field

r espect i PE‘EISVM’% & HE Opifto &p); Yl the e9ety %t“ch%rePﬁE’t?r yﬁ’i Cife

interlay reloh p mm YPES A-C.
As shown@]'r Pzégdi& g %0(%)59%1 @gﬁ‘ggr@ed toﬁ)g\(%%&%é?fﬁ%&ré@&'eé Eé ﬁi‘errt‘{taaygli%a

exhi bi t s 28 marasid200ymTan). dnrsechucases mterflayde 236t coimpobédofzg R(elaRer

sputteri ed. Thi jcates that magneti c zero | ayer
in TYPE %%@%@ s‘%%&ﬁ“ﬁé’i@%ﬁﬁc‘@ﬂer@ %ea"géﬂt(? ?ﬁ"if?g&éf the nedium even
when rel p60688 Y sdVSianipl &S SHHnda n?svta@lcébslﬂebvﬁléﬁ ik R9Er 2380hs Qfthickiess nt er | ayer.
[ 0080] For purposes of eval uation of the magneti C zero | ayer, another

exanpl e bgleWaabgut Hewmufist mggrpmcém 846 myﬂﬁhwpab@aslilevégrga@e@anAl pha is equal
t th t d d. b bet th t
o the T 0T sy o R g, et v {1 et

Al pha nmay correspond to the slope of the second quarter of a hysteresis
| oop. When al Bha is equal to one, the magnetic |ayer nay be characterized
as corrpl hange decoupl ed. As the value of al pha increases from one,

t he magn o) . I exchange
coupl ed. ??dggg??xglgmgg Pyga:@l@{zﬁghﬁ{ sfré r(gftsc}ngg géglgpg%h%?@%}fg%a for the
magnet i c disalpeuref it domet Bmity]@esnopé oéoharaiwCR)smer pendi cul ar recordi ng nedi a,
i.e., TYPES A-C, at the various sputtering pressures. As shown, the val ue
of alpha for the TYPE A exanples is reduced as the Ru sputtering pressure
i's incre Elxgqu rating that the Ru layer forns an exchanged decoupl ed

col umar structur at higher Ru pressures. However, the al pha value for the

TYPE B e}@068] &sriats ¢xawple perpssiicuds magngtic re80rdimgomedia dadpg aya)&t pha vaI ues
T S YD DA 1e o R o Qrcosune, O Ay g
exchange Tdeg MRl thdinflleddd® f i WEnBi €X30 RS (M RELHbétWebl he InfBHayRr €X arml es.

layer and magnetic recording layer, examples were generated to have magnetic zero

layer thicknesses of O (i.e., no magnetic zero layer), approximately 2 angstroms,

approximately 7 angstroms, approximately 16 angstroms, approximately 23 angstroms,

and approximately 33 angstroms.

[0069] In each of the various examples, the bottom SUL was an amorphous FeCoCrB

alloy with a thickness between about 100 and 200 angstroms; the AFC layer was an Ru

alloy with a thickness between about 4 and 4 angstroms; the top SUL was an

amorphous FeCoCrB alloy with a thickness between about 100 and 200 angstroms; the

crystallographic seed layer was an amorphous NiW alloy with a thickness between

about 60 and 100 angstroms; the columnar seed layer was an RuCr alloy with a

thickness between about 40 and 80 angstroms; the columnar decoupling layer was an

Ru alloy with a thickness between about 60 and 100 angstroms; the magnetic zero layer

was a CoCr-(TiO;) material (with thicknesses varying as indicated above); the bottom

magnetic layer was CoCrPt-(SiO,) with a thickness between about 60 and 100

angstroms; the exchange break layer was an RuCo alloy with a thickness between about
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[0082] In sone cases, because of the increased exchange decoupling

di splayed in the TYPE B exanpl es conpared to the TYPE A exanples due to the
i nclusion of the magnetic zero |ayer, the exchange decoupling nay be
tailored to reach a target exchange decoupling (and/ or other nagnetic
recording paraneter) in the magnetic |ayer by controlling one or nore
process @an@h@wQ§QDUErmmUhenmIﬁahwﬁchohowabiCbﬁé%dﬂyhﬂﬂumrwmbdiun1 Exanpl e

Gecoun! | RO tehir LS AT D et S AR kBT O o FoactTve

oxygen 9@1&&%@%eﬁ%enraﬁaﬁtt40\/ﬁld%®'~ﬂn §fdmg, and sputterl ng bias voltage.
100831 FIGS. 9a and 9b are plots |IIustrat| ng the magnetic core width

(V\R_VDT) [0978] Emémandﬂbnatq pigtswhmmg(thmang@)of mmp@mdemmy (Hoend he 3
types of endl rec TYP t the
vari ous gﬁﬁato[ é?agﬁlgnpr S8 y ﬁﬁé‘ﬁ%??%on%eq? 93? RS ll:r%ﬁ’ﬁqﬁ&élt o the
magnet i Cb&mrnemugﬁkttn rﬁd:dt&mgﬂ@ffeﬁobﬂx@@nagﬁétléhgw\z;ersfub(mdgﬁétim layegnetic core
wi dth and magnetic witing width provided the magnetic zero | ayer may

al | ow f othicknessdarthg exaraple Tpadic r A5 ﬂ@mﬁ@nweégp%mq fawithgytp magneleu1 FI Gs.
10a and %&Qgs{efgég{ﬁ%ﬁt ch&é?atuo k@%@?@%@é& ﬁfréggé%lc re&{r&@g 14y#pe (PE_EFL) and

squeezed 0 Cerror ectiv for the 3 types

of exanpl{cerpgropdingitc 4 Imrgnétﬁcm@ laygr thixdhess of zéro,in FK]?.ESLaAzn@ 4bytbothhhevar i ous
sputtering pressures. descri bed abqve, in some jnstapnces, an increase in
sput t er i Hgapst Bebin valugs ?ﬂ“‘?‘é?dfhyrth? EXANR A Pegnelifdecording WEeasfii@ynet i ¢
exchange, ﬁﬁ/% EthQsQ oth ﬁxjaﬁlrﬁ@aggtahgsthﬁﬁ(see{ndq}f& &é&réa?& Hgﬁ? col urmar
structure an i ncrease ca se an I ncrease |n rate

per f or mamosotoheSashash asfthe dligknasp ccfnheamb'glgduierzemriayetrémarc@espbwadr e for

deposition of. t nterlayer to provide_ the incr ed exc ecoupl i ng,

o s nscpatimalie! RREERS t apBpRiTRe 63 b mE el L B Bk g ot | over
sput t er i AYHRiMSH4ies that tHe 1h$1h§oﬁTBPﬂ'1% maghbifc 2406 yRPEMah @R RS ex@hhg@net i ¢ zero
| ayer as 1n the TYPE B and C nedia can optim zé the on-track bit error rate

and squeégcedplaig intexamplenagnetie racordingmediuinoay copparedrtd thy qempasatives, e. g., as

conpared_to E&Jne TYPE A F not ingcl udela magnetic zero | ayer.
00651 Fegnd Feoiding ARl Bpckthef eftis Seaehiic 488 86 Tack bi ¢ error
rate by [00g1f FEGIS iphalpldl sﬁaﬁmgofomMaiﬁ)exaﬁmetﬁeq)eadicmesecefdueg@emhe

per pendi cuI ar recording nedia, i.e., TYPES A-C, at the various sputtering

pr essur e?f FIGS. 4manghdbiit Cf@i@&?ﬁpﬂféhe lpitice neismaigh detween €0Q2) Ranefithg TYPE B and ©)

denonstr ack pitch
conpar edﬁ‘lrttegg?’ ﬁg{h%g? 6\(%hdie]oo#@%rzj tl r@c%ﬁ‘%@é ta \glf {;é}g @\(ﬁé éém%?;& | es
denonst r tii ckalessn esrshedn o FIG 4, natil thﬂ-n’talgﬁﬁk: 4erd lagerrmacheahehlumeszhef tr ack pitch
conmpared_to that 0I7 t he TYP(I,;.l Eﬁ npl es.. 100861 FI? 2 is a plot

i 11 ust r afRRSRXIFRIRL, 7 Sngstrams; P%"emlfsé”talt‘@ YasppiRiaitedbeloye al??“ltﬁ}&es of exanple
per pendi gl @fing %6}{&'&1{% ntBEEHDerwedh: (ooﬂS\fE{E& the Qtexﬁyef b1 (085) GY'8f BRUL L eri ng

pressures. As shown, i1ncrease 1n the rmedia signal "to nois€ ratio fromthe
magnetic recordlng layer. However, as the thickness of the magnetic zero layer

increased beyond approximately 7 angstroms, e.g., at thicknesses of 15, 23, and 33
angstroms, the lattice mismatch increased above about 4.2 percent, indicating a
substantially incoherent interface between (002) Ru of the interlayer and (002) Co of
the magnetic recording layer.

[0072] Combined with the results of FIGS. 4a and 4b, the magnetic zero structure with
the coherent interface appears to increase the induced stress at the interface as the
increase of the lattice parameter strain under the constant Young’s elastic modulus.
Without being bound by any particular theory, this induced coherent stress may
contribute to the enhancement of the exchange decoupling in perpendicular magnetic
recording medium, which is consistent with the increase of H, and H,-H, shown in

FIGS. 4a and 4b. However, at magnetic zero layer thicknesses above about 15
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conbi nation of the presence of the magnetic zero |layer (TYPES B and C
exanpl es) and adjustnent of process paraneters (TYPE C exanples) to
control exchange decoupling is coincident with the above bit error rate
performances. [0087] FIGS. 13a and 13b are plots illustrating cal cul ated
areal density capability (ADC cal) and neasured areal density capability

( ADC- 7473ngsitesigcart inorshse offtiag lattive nBsmgtoh svas bbssxeadpllengowith thednengtemc r ecor di ng

dia, i4e., TY A t th i QU tteri. . Th | cul at ed
real defreye ShERaM Aoy Rndin Ry 1S, Wnd B aifafing] il i moontFer ™ 11 21 €
X(1- 0. 1( Riterfick b9V m&tufe«iaamemewaiaa%aaéd@u litgSinARE exeampaé € i nch, PE EFL

equal s on-track bit error rate, and WPE equal s ma&netic writing w dth.
[0088] Apcpprdisplanmagnetic recordingymediap In soac apels.Fdl: suggestsibatticesence of

t he magnetsi ' roce
par anot oot B ABbEhteh 10625 K Al 1 REPRIER2EE 0P SERTRRbE 07 O7Ce
the cal cilagheit recutdiagtiaset, expawith esseciated cstic swgsa gy ¢nhahdecthd ¥ithadgexanpl es.

[ 0089] This di.sclosure ingludes several nunerical ranges that can be
pract i cefeqonpingmdhe pemendicuen reeusding @sdiviBal ranges. [0090] The foregoi ng

descri pt !WSPgnn%éﬁdéé%ﬁpgéﬁ?%ghgﬁgﬁthg%ﬁh&&ﬁ%tﬁff?&%&g&gg (ddagrarposes of

illustration not imtation. nts discl osed
are not ihet@ridwat ahd (G02) Evhefitisd perpendiculay nhdagnetic teherdprpslayds] the nmghetnent at i ons

to the enbodi nents di scl osed.. Man difications and variati ons are
possi bl eZ§'R zll}febmaungm{. ﬁ-xg CBBW%] q&%@{{ﬁ"g@ﬁm axis between tﬂe Hﬁerllayer an

magnetic recording layers. FIG. 6 is a plot illustrating the difference in FWHM (Full

Width Half Maximum) of crystallographic rocking curves between (002) Ru of the
interlayer and (002) Co of bottom magnetic recording layer versus magnetic zero layer
thickness. As shown in FIG. 6, the presence of the magnetic zero layer does not
substantially deteriorate the delta FWHM of the (002) Ru and (002) Co layers since the
difference between the (002) Ru and (002) Co layers is relatively constant, except for
the example in which the magnetic zero layer has a thickness of about 33 angstroms.
[0074] As shown in FIG. 5, a coherent interface between the interlayer (Ru layer) and
the magnetic layer (Co layers) can be maintained by the lattice mismatch between two
layers less thanv4%. Further, as shown in FIG. 6, the epitaxial crystallographic axis
between the Ru and Co layers can be maintained by the constant FWHM delta
(difference between the rocking curves) between two layers below about 0.35 degrees.
Therefore, in the example shown, the epitaxial crystallographic axis with the coherent
interface between the Ru layer and the Co layers can be maintained by the combination
of the lattice mismatch between the interlayer and the first magnetic layer below 4%
and the constant FWHM rocking curves delta between the Ru layer and the Co layer
below 0.35 degrees, which corresponds to a magnetic zero thickness below about 11A.
At a magnetic zero layer thickness of approximately 33 angstroms the magnetic zero
layer formed an incoherent interface between the interlayer and the first magnetic layer,
due to the lack of the epitaxial relationship between these two layers. The magnetic
zero thickness between about 11A and about 33A can be regarded as the intermediate
transition zone from the epitaxial coherent interface to the non epitaxial incoherent

interface.
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CLAI MS: 1. A stack, conprising: a crystallographic orientation

I nterl ayer; a magnetic zero |ayer disposed on the interlayer, the
magneti c zero |ayer being non-magnetic or having a saturation magnetic fl ux
density (Bs) less than about 100 enu/cc and conprising grains separated by
a non-magnetic se egant and a magnetic layer disposed on the
magneti c PbEKay 2t he magnetic |ayer conprising ferronagnetic grains

separ ate ﬁog)é]e?o g%gnemégﬁﬁété ?hesiﬁﬁﬁ%%@ '8% 1n|c d ﬁ‘la étl@tzgfoclgyﬁ‘b%}%eﬁ ri'hep etween

the inte t he magnetic anaout 2. The
st ack of imértayer dnd mbgredc reoardimg ragelethree ﬂyﬁéwf&mmplel mxgnétlh rdeatdingraxi num

or et at FSHHa FRrGPTRER 281 VRS Hm PR oL TR MHegia e dY 40301 AD. 35

degr ees. was substantially the same as that used in Example 1 but without a magnetic zero layer.
The second example media (referred to as TYPE B) and third example (referred to as
TYPE C) had substantially the same configuration as the configuration used in
Example 1 with a magnetic zero layer having a thickness of approximately 7
angstroms. However, the processes used to prepare the TYPE B and TYPE C examples
varied. The sputtering process and disk structure of TYPE B were the same sputtering
process and the disk structure to the TYPE A, except for the insert of the magnetic zero
between interlayer layer and magnetic layer in the TYPE B media. The sputtering
process and disk structure of the TYPE C media were the same sputtering process and
disk structure as the TYPE B media, except for the use of a different sputtering process
for the first magnetic record layer, see FIG. 2, first magnetic layer 246.
[0077] With reference to FIG. 2, a multiple step process was used for TYPE C media
compared to TYPE B media. The sputtering process in the first magnetic record layer
246 for TYPE A and B media is referred to as a first sputtering process and for TYPE C
media as a two step or multiple step process. In the first sputtering process in TYPE A
and B, only one sputtering condition was applied during the deposition of the first
magnetic recording layer 246. However, in the multiple step process in TYPE C,
several sputtering conditions were sequentially applied during the deposition of the first
magnetic record layer 246. For example, during half of the deposition duration (first
half layer thickness) a lower bias voltage is applied and during the remaining half of the
deposition duration (second half layer thickness) a higher bias voltage was applied.
Such an example may be referred to as a two step deposition. When three different
sputtering conditions are used for the first magnetic record layer 246, it may be referred
to as a triple step deposition, and so forth. The changeable parameters for a multiple
step sputtering process can be sputtering pressure, sputtering oxygen gas contents,
sputtering bias voltages, sputtering sub layer thickness ratio, and the like.
[0078] As indicated in the following plots, the sputtering pressure used during
sputtering of the Ru decoupling layer 238c of the interlayer 238 in each example
medium was varied in each of the TYPE A-C examples. In particular, sputtering

pressures of approximately 80, 90, 104, 120, and 140 mTorr were used. As noted
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3. The stack of claim 1, wherein the magnetic zero |ayer conprises the sane

elenments in different proportions as the nmagnetic | ayer. 4. The
stack of claim1, wherein a thickness of the nagnetic zero layer is |ess
t han about 25 A 5. The stack of claim1l, wherein the magnetic |ayer

conpri ses a first égnetlc | ayer adjacent the magneti C zero Iayer and a
second nBRAYS: inSomgyRsiances A ARGERSE ibFAULtEENg Presurgasedde farm o &y by an

exchange B sgiind B 38c of the infadl 8 LAEKALChEMduidlighglan the grains of

t he magne rarns stal line

st ruct ur éeconpling (6ﬂ1ﬁeﬂ:ﬂaggétmvvhybrdl42 da¢ tothe induced cthmne'ﬁ’rsa'usmaa:k of claiml1,
wherein the netic zero | ayer corrprl ses_one oOr e of Pt and Ru.

8. A net 949 bFﬂ}%@a@gd 4b arepIRts sé@w&gl the ﬁ@:hange decouplmg level by magnetic

coercivity (H¢) and delta of magnetic coercivity and nucleation field (Hc-Hy),
respectively, in

terms of sputtering pressure for the forming the interlayer 238 for the 3 types of
example recording media, i.e., TYPES A-C. As shown in FIGS. 7a and 7b, compared
to TYPE B media, TYPE A media exhibits a relatively rapid reduction of H, and H.-H,
as the Ru sputtering pressure decreased. This indicates that the magnetic zero layer in
TYPE 2 disks provides enhanced exchange decoupling of the medium, even when
relatively lower pressures are used for deposition of the interlayer.

[0080] For purposes of evaluation of the magnetic zero layer, another example
exchange decoupling parameter, alpha, was evaluated. Alpha is equal to the magnetic
coercivity divided by the difference between the magnetic coercivity and the magnetic
nucleation field (i.e., alpha = Hc/(He-Hn)). Alpha may correspond to the slope of the
second quarter of a hysteresis loop. When alpha is equal to one, the magnetic layer
may be characterized as completely exchange decoupled. As the value of alpha
increases from one, the magnetic layer may be characterized as progressing to being
exchange coupled.

[0081] FIG. 8 is a plot illustrating the value of alpha for the magnetic layer for the 3
types of example perpendicular recording media, i.e., TYPES A-C, at the various
sputtering pressures. As shown, the value of alpha for the TYPE A examples is
reduced as the Ru sputtering pressure is increased, indicating that the Ru layer forms an
exchanged decoupled columnar structure at higher Ru pressures. However, the alpha
value for the TYPE B examples at lower pressures, e.g., 80 mTorr, display alpha values
lower than that of even the highest sputtering pressure TYPE A example. Such results
may indicate that magnetic zero layer induced increased exchange decoupling in the
TYPE B examples compared to the TYPE A examples.

[0082] In some cases, because of the increased exchange decoupling displayed in the
TYPE B examples compared to the TYPE A examples due to the inclusion of the
magnetic zero layer, the exchange decoupling may be tailored to reach a target
exchange decoupling (and/or other magnetic recording parameter) in the magnetic layer

by controlling one or more process parameters during the fabrication of the magnetic
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depositing a crystall ographic orientation interlayer; depositing a
magnetic zero |l ayer on the crystallographic orientation interlayer, the
magneti c zero |ayer being non-magnetic or having a saturation magnetic fl ux
density (Bs) less than about 100 enu/cc and conprising grains separated by
a nonmagneti c segregant; and depositing a magnetic |ayer on the

magnet i cmedivmn. | Bxeseple prosesspgremeters M@@rmébh%adjsﬁtﬂgtof@hieﬁﬁﬂ@ﬁ@gﬁt grains

separ at ed a non- netic segregant, whereip a lattice msmatch between
the 1 nt ericiyagt RRuTRE" ey fnch R P Rine HERLE, B Ranctilsafitn HETBNE Tt noa
of cl ai MBygenpas Géed:for reactivé&padringNand HpRtomREL SRS ﬁolza%e.o | ayer conprises
depositiﬁﬁ)ﬁgrai ns corrprisiqr;% CoCr and one or nore of Pt and Ru separated by
a segreg L BHpY-i%iand 9haraomiptatiusirating the magmste care ddthH &R RdDiaed | ayer

conpri se | b ' o] I\S] a segregant
conpri si %&%ﬁ%&é*@w%mﬁngﬂ% }r‘?gl‘ger?gf’%’ f?(ta#h%)% @g%fgf%ﬁ‘gﬁﬁ%\és a hi gher
per cent apapeydistdaruseording nheliqx e J @ YPESNA 10) et thegagbduscspuayrénig pressures. 10. The
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shown, the narrower magnetic core width and magnetic writing width provided by the

magnetic zero layer may allow for increased areal recording density capability (ADC).
[0084] FIGS. 10a and 10b are plots illustrating the on-track bit error rate (PE_EFL) and
squeezed off-track bit error rate (OTC_EFL), respectively, for the 3 types of example
perpendicular recording media, i.e., TYPES A-C, at the various sputtering pressures.
As described above, in some instances, an increase in sputtering pressure used to form
the interlayer can enhance the magnetic exchange decoupling of the magnetic layer due
to the induced columnar structure. Such an increase can cause an increase in bit error
rate performance. Instead of relying on a higher sputtering pressure for deposition of
the interlayer to provide the increased exchange decoupling, the inserted magnetic zero
layer increases the exchange decoupling at lower sputtering pressures. In this manner,
the incorporation of a magnetic zero layer as in the TYPE B and C media can optimize
the on-track bit error rate and squeezed off-track bit error rate at low sputtering
pressures, €.g., as compared to the TYPE A examples which do not include a magnetic
zero layer.

[0085] FIG. 11 is a plot illustrating the normalized on-track bit error rate by the track
pitch (PE+10LnWPE/TP) for the 3 types of example perpendicular recording media,
1.e., TYPES A-C, at the various sputtering pressures. As shown, the examples with a
magnetic zero layer (TYPE B and C) demonstrated enhanced normalized on-track bit
error rate by the track pitch compared to that of the TYPE A examples. Moreover, the
TYPE C examples demonstrated enhanced normalized on-track bit error rate by the
track pitch compared to that of the TYPE B examples.

[0086] FIG. 12 is a plot illustrating media signal to noise ratio (ESMNR) for the 3
types of example perpendicular recording media, i.e., TYPES A-C, at the various
sputtering pressures. As shown, increase in the media signal to noise ratio from the

combination of the presence of the magnetic zero layer (TYPES B and C examples) and
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adjustment of process parameters (TYPE C examples) to control exchange decoupling
1s coincident with the above bit error rate performances.

[0087] FIGS. 13a and 13b are plots illustrating calculated areal density capability
(ADC cal) and measured areal density capability (ADC-747), respéctively, for the 3
types of example perpendicular recording media, i.e., TYPES A-C, at the various
sputtering pressures. The calculated areal density capability was calculated being equal
to x(1-0.1(PE_EFL+5))/WPE, where x equals kilo bits per square inch, PE_EFL equals
on-track bit error rate, and WPE equals magnetic writing width.

[0088] As shown in FIGS. 13a and 13b, the combination of the presence of the
magnetic zero layer (TYPES B and C examples) and adjustment of process parameters
(TYPE C examples) increased the areal recording densities, per the calculated and
actual measurements, as compared to the TYPE A examples.

[0089] This disclosure includes several numerical ranges that can be practiced
throughout the disclosed numerical ranges. ‘

[0090] The foregoing description of various embodiments has been presented for the
purposes of illustration and description and not limitation. The embodiments disclosed
are not intended to be exhaustive or to limit the possible implementations to the
embodiments disclosed. Many modifications and variations are possible in light of the

above teaching.
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CLAIMS:

1. A stack, comprising:

a crystallographic orientation interlayer;

a magnetic zero layer disposed on the interlayer, the magnetic zero layer being
non-magnetic or having a saturation magnetic flux density (B;) less than about 100
emu/cc and comprising grains separated by a non-magnetic segregant; and

a magnetic layer disposed on the magnetic zero layer, the magnetic layer
comprising ferromagnetic grains separated by a non-magnetic segregant, wherein a

lattice mismatch between the interlayer and the magnetic layer is less than about 4 %.

2. The stack of claim 1, wherein a difference between full width half
maximum (FWHM) of crystallographic rocking curves of the crystallographic

orientation interlayer and the magnetic layer is less than about 0.35 degrees.

3. The stack of claim 1, wherein the magnetic zero layer comprises the

same elements in different proportions as the magnetic layer.

4, The stack of claim 1, wherein a thickness of the magnetic zero layer is
less than about 25 A.
5. The stack of claim 1, wherein the magnetic layer comprises a first

magnetic layer adjacent the magnetic zero layer and a second magnetic layer separated

from the first magnetic layer by an exchange break layer.

6. The stack of claim 1, wherein the grains of the magnetic zero layer are

columnar grains having an HCP crystalline structure and a (0001) growth direction.

7. The stack of claim 1, wherein the magnetic zero layer comprises one or

more of Pt and Ru.
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8. A method of making a stack, comprising:

depositing a crystallographic orientation interlayer;

depositing a magnetic zero layer on the crystallographic orientation interlayer,
the magnetic zero layer being non-magnetic or having a saturation magnetic flux
density (B;) less than about 100 emu/cc and comprising grains separated by a non-
magnetic segregant; and

depositing a magnetic layer on the magnetic zero layer, the magnetic layer
comprising ferromagnetic grains separated by a non-magnetic segregant, wherein a

lattice mismatch between the interlayer and the magnetic layer is less than about 4%.

9. The method of claim 8, wherein:

depositing the magnetic zero layer comprises depositing grains comprising
CoCr and one or more of Pt and Ru separated by a segregant comprising an oxide; and

depositing the magnetic layer comprises depositing grains comprising a Co
alloy separated by a segregant comprising the oxide, wherein the magnetic zero layer

includes a higher percentage by volume of the oxide than the magnetic layer.

10.  The method of claim 8, wherein depositing the crystallographic

orientation interlayer comprises sputtering at a pressure less than about 80 mTorr.
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