PERPENDICULAR MAGNETIC RECORDING MEDIA INCLUDING A
UNIFORM EXCHANGE ENHANCEMENT LAYER FIELD OF THE
INVENTION [0001] This invention relates to magnetic storage media and
more particularly to perpendicular magnetic storage media. BACKGROUND
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recoding layer, and a protective overcoat. The magnetic recording layer has

a perpendicular magnetic anisotropy. The protective overcoat protects the
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argon (Ar), deposition of the granular perpendicular magnetic layer is
OVEOritilicted at relatively high pressures and low temperatures and utilizes a
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coppuitesial geisanipitingrdde svand ok rikrdes, wyhib iscistence of strong lateral
exchange coupling between magnetic grains. A granular perpendicular recording
medium comprises a granular perpendicular magnetic layer having magnetic columnar
grains separated by grain boundaries comprising voids, oxides and/or nitrides. The grain
boundaries, having a thickness of about 2 A to about 20 A, provide a substantial
reduction in the magnetic interaction between the magnetic grains. In contrast to
conventional perpendicular media, wherein the perpendicular magnetic layer is typically
sputtered at low pressures and high temperatures in the presence of an inert gas, such as
argon (Ar), deposition of the granular perpendicular magnetic layer is conducted at
relatively high pressures and low temperatures and utilizes a reactive sputtering technique
wherein oxygen (O,) and/or nitrogen (N) are introduced in a gas mixture of, for
example, Ar and O,, Ar and N, or Ar and O; and N,. Alternatively, oxygen or nitrogen
may be introduced by utilizing a sputter target comprising oxides and/or nitrides, which is

sputtered in the presence of an inert gas (e.g., Ar), or, optionally, may be sputtered in the



sputtered in the presence of an inert gas (e.g., Ar), or, optionally, may be
sputtered in the -2 presence of a sputtering gas comprising 02 and/or N2 with
or without the presence of an inert gas. Not wishing to be bound by theory,
the introduction Of 02 and/or N2 provides oxides and/or nitrides that migrate
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assumptions, where granularity of media is not included.

[0006] The conventional way of introducing inter-granular exchange into media
is to decrease the average physical spacing between the grains. In media fabrication, this
means reducing the portion of voids or non-magnetic materials at the grain boundaries.
For example, reducing the Ar pressure during magnetic sputtering can mitigate the
shadowing effect, which gives rise to more densely packed grains. Also, reducing the
oxide amount during co-sputtering of the oxide and CoPt will lead to thinner grain
boundaries. However, there is always a distribution of grain boundary thickness. When
the average inter-granular spacing is reduced, there will be more grains touching each
other. When grains are touching, the exchange coupling between the grains increases
significantly. The strength of the exchange field between two grains depends on their

contact area and separation distance, and there will be a distribution of inter-granular



the average inter-granular spacing is reduced, there will be more grains
touching each other. When grains are touching, the exchange coupling
between the grains increases signifiéa?’nﬂy. The strength of the exchange
field between two grains depends on their contact area and separation
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[0010] FIG. 2 is a cross-section of a thin film layer structure constructed in
accordance with the invention.

[0011] FIG. 3 is a graph of bit length, cross-track correlation length, and jitter
with varying magnetic coupling.

[0012]  FIG. 4 is a hysteresis loop of an exchange decoupled media.

[0013]  FIG. 5 is a hysteresis loop of a media with increased exchange coupling.

[0014] FIG. 6 is a series of hysteresis loops of the media with increasing Pt cap
thickness.

[0015]  FIG. 7 is a graph of alpha parameter against the Pt cap thickness.

[0016] FIG. 8 is a graph of the RMS read-back signal at 600 kFCI versus Pt cap
thickness.

[0017] FIG. 9 is a graph of AeSMNR vs. alpha indicating poorer on-track
performance when exchange increases.

[0018]  FIGs. 10 and 11 are graphs of MOKE sweep rate results showing K,V/kT
and Hj trend against Pt cap thickness.



[00161 FIG. 8 is a graph of the RMS read-back signal at 600 KFCI versus Pt
cap thickness. [00171 FIG. 9 is a graph of AeSMNR vs. alpha indicating
poorer on-track performance when exchange increases. [00181 FIGs. 10
and | | are graphs of MOKE sweep rate results showing KV/KT and HO trend

ag@ess|Pt cRrcthiokiRsss 4RI dulesler shRys-Bystaptsisnseties Mda fully-
fully-decoupled medium and a fully- decoupled media with 1 nm Pt. [00201
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thickness. [00241 FIGs. 17 and 18 show dynamic coercivity results of the Pt
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underlayer 14 is formed on the substrate and may comprise a plurality of
Se&fers. An interlayer 16 is positioned on the soft underlayer. A magnetic
repgo2s)g layes 18dspasiigrediowihg ioiemBrercbbe radgiriibreeatding the Pt
layer includes a plurality of grains 20, 22 and 24 of magnetic material and a
CaBRialiy Bt boundaries 26, 28 of non-magnetic material, such as oxides,
nitrides, or othayFoAT Nk D BOR dtarieiNtha SEpRrReENa gpains of magnetic

material. A change coupling enhapcement layer 30, also called a c
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constructed in accordance with this invention. The medium includes a substrate 12 that

can be, for example, glass. A soft magnetic underlayer 14 is formed on the substrate and
may comprise a plurality of layers. An interlayer 16 is positioned on the soft underlayer.
A magnetic recording layer 18 is positioned on the interlayer. The magnetic recording
layer includes a plurality of grains 20, 22 and 24 of magnetic material and a plurality of
boundaries 26, 28 of non-magnetic material, such as oxides, nitrides, or other non-
magnetic material, that separate the grains of magnetic material. An exchange coupling
enhancement layer 30, also called a cap layer, is positioned on the magnetic recording
layer. A protective layer and lubricating layer (not shown in this view) can be applied to
the top of the cap layer.

[0027]  The soft underlayer (SUL) is the layer that conducts the magnetic flux
from a recording head in the writing process. The interlayer (IL) sets up the orientation
and microstructure of the adjacent magnetic layer, which has a very well decoupled grain
structure. The cap layer is the exchange coupling enhancement layer. In a practical
embodiment, a diamond like carbon overcoat and lubricant would be added on top of the

cap layer to make a flyable media.



layer. A protective layer and lubricating layer (not shown in this view) can be
applied to the top of the cap layer. [00271 The soft underlayer (SUL) is the
layer that conducts the magnetic flux™ffom a recording head in the writing
process. The interlayer (IL) sets up the orientation and microstructure of the
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The cap layer is the exchange coupling enhancement layer. In a practical
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in accordance with this invention includes a cap layer. of spin polarization
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polarizing materials such as Rh and Pd can also be used. Micromagnetic
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magnetic materials, such as Co, Ni, Fe or their alloys or Co/Pt multilayers
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thickness and saturates at thicknesses above about 4 nm. The read-back signal of
recorded bits shows a discontinuous jump at about 1 nm Pt capping layer thickness,
indicating a polarization effect of Pt at the Pt/CosPt interface. These findings provide an
approach for introducing a uniform exchange between the grains of perpendicular
magnetic recording media. Consequently, by controlling the inter-granular coupling, the
transition parameter and cross-track correlation length may be adjusted to achieve the
highest possible recording density.

[0031] FIG. 2 is a cross-section of a magnetic recording disc 40 constructed in
accordance with the invention. Several such discs were fabricated. The discs include a
substrate 42 and a multilayer soft magnetic underlayer 44 positioned on the substrate.
Thin film deposition was carried out at room temperature. The soft magnetic underlayer

(SUL) having a thickness of 200 nm, was deposited first. The SUL includes 4 repetitions



indicating a polarization effect of Pt at the Pt/Co3Pt interface. These findings
provide an approach for introducing e:ﬁmiform exchange between the grains
of perpendicular magnetic recording media. Consequently, by controlling the
inter-granular coupling, the transition parameter and cross-track correlation
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[00311 FIG. 2 is a cross-section of a magnetic recording disc 40 constructed
chamberBetsrRLsth aRSiH08Ntion. Several such discs were fabricated. The
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SUL. First, a layer 56 of 2 nm thick Pt was used to cover the air-exposed
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was pure Co, the middle ring was Pt and the center disc was oxide target, .
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used to measure hysteresis loops of the media. The maximum applied field was 20 kOe.
The sweep rate was set to about 2000 Oe/s. The coercivity (Hc), remanence squareness
(S=M,/M), loop slope a (a=4ndM/dH|y-11) and nucleation field (Hy) were extracted.
[0035] The media short-time coercivity (Hp) and thermal stability factor
(KyV/kgT) were measured using sweep rate (R) dependent MOKE hysteresis loop
measurements, with R varying from 10 to 1000 Oe/sec. A direct correlation between the
effective applied field time (tefr) and R can be found easily using known techniques, as
tes=H¢/R, where Hy is the thermal fluctuation field that can be determined from the slope
of H; v.s. In(R). The short-time coercivity (Hp) and thermal stability factor (K,V/kgT)

were then determined using Sharrock’s formula:
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used to measure hysteresis loops of the media. The maximum applied field
was 20 kOe. The sweep rate was set to about 2000 Oe/s. The coercivity
(Hc), remanence squareness (S-M,/IVI?),' loop slope a, (a,-47TdM/dIFID==Hc)
and nucleation field (HN) were extracted. [00351 The media short-time
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sweep rate (R) dependent MOKE hysteresis Ioo% measurements, with R
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t,fi-Hp'R, where Hf is the thermal fluctuation field that can be determined from
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All spinstand testing of the media was carried out on an Agilent spinstand
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The interlayer may include ruthenium (Ru), Ru alloys, such as RuCr, RuCoCr, and non-
magnetic cobalt-chromium (CoCr) optionally having a third element selected from the
group comprising Pt, molybdenum (Mo), Ta, niobium (Nb), boron (B), carbon (C), and
Ru. The interlayer provides a crystalline seed layer for the subsequently deposited
magnetic layer. The granular magnetic layer includes Co-based alloys comprising oxides
and nitrides, for example cobalt-platinum oxides (CoPtO), cobalt-chromium-platinum
oxides (CoCrPtO), cobalt-chromium-platinum-tantalum oxides CoCrPtTaO, 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
(CoCrPtZrO), 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-



The interlayer may include ruthenium (Ru), Ru alloys, such as RuCr,
RuCoCr, and non- magnetic cobalt-chromium (CoCr) optionally having a third
element selected from the group con'1|§r|'sing Pt, molybdenum (Mo), Ta,
mobium (Nb), boron (B), carbon (C), and Ru. The interlayer provides a
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granular magnetic layer includes Co-based alloys comprising oxides and
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OGBHE R D Sha D Pt WKL B AeaHs 3 Sy don-uniform
wiagcaddingaubdtydpisiee ppsididingh magimeiics uniform exchange layer on top of the
magnetic grains. The thickness of the continuous uniform exchange layer controls the
inter-granular exchange. If only the grain boundaries are adjusted, the contact area
between neighboring magnetic grains may vary from zero to full side-by-side contact.
This will create a large distribution of exchange interactions between grains; hence a
larger distribution of switching volumes (i.e., magnetic cluster sizes) and switching field
magnitudes.

[0041]  This invention uses a uniform exchange enhancement layer on a granular

magnetic recording layer, wherein the granular layer includes a plurality of grains
separated by non-magnetic boundaries. The non-magnetic boundaries can be, for

example, oxides, nitrides or other non-magnetic materials. The use of a top exchange



transitions in the media, its value indicates the ultimate possible recording
density of the writer-media combinatir%?. It can be seen that in this particular
case, minimum jitter is reached at some amount of h... Here h., is H~~/Hk
[00401 Inter-granular exchange can be adjusted by controlling the amount of

1a {05 GhRoN RS SORIRRLG laxes ey hich adinfirthelWidl HfiminchRindakiesnd Rence
non-uniform way. Or it can be adjusted by adding a continuous uniform

: way ding a con Inifc

imggeKshie MyErBHRopidhtmeriagdefirdyrsmiberdistiilnay srehing fields by

adeREiNeHsNYBIfesip BXENBNEIRIRYRILQRMQIm thE: iBlEfamRAWAS exghanggcls the
only the grain boundaries are adjusted, the contact area between

SAHRIGMSSMMBYHEIREIGIARRSs heay VARFHEM Ders R RISl isibe 1e8Rtdeds not

halBitawilhGEeaiesa lange Wistibuiion phexehandecnteractions between grains;
hence a larger distribution of switching volumes (i.e., magnetic cluster sizes)
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wherein the granular layer includes a plurality of grains separated b
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exchange -9 layer provides several advantages. For example, it lowers the

TheRRenIPYTIERT R0 F7HEES AiYSORE SR 6F R MEhice fmecfitus layer.

THbegisuikutian bé paitchinacliekis byc addngexehanaacowplingso eleansandad-
sharpen the bit transitions. It enhances the squareness of the hysteresis
MEGEH R increases the remanence field if the loop does not have full

squau3)essFIthistlaywverByitierseinangn ot noisecHM4? dctbepiraadediafhaving the
xchange can be cgntrolled by caontrolling the thickness of the top exchange.
Fol NS e O R BTG SUbiGRTNG WdAS Mo R SRSt (oxide
28ecouplingbewecmararisady beladiusied Ry mdjising InemagnetieoayelG. 4,
.. grain poundaries and the amount of coupling.can pe adjysted by adjustin
1 RO 19580 TG (4 BP0 SATANI ol ool profdtiv pijreness

S=avigddyEinceasth ortbiogelayeie [Hbg slppdayer/ ¢anhes1aetof the magnetic

Ia)f%,ﬁ{ld t%ﬁf%r?svgqﬁlggtqugiisnggg %?‘ Q %‘ilgc{izrln v%gi?i?lgregsne% exchange coupling,
and having the following structure: Glass\Ta 3nm\Cu 2nm\CoCr25Ru50 S5nm\Ru
Tnm\CoPtO (oxide 28vol%) 13nm\Pt Snm. FIG. 5 shows a hysteresis loop of the same
medium as in FIG. 4 except for a cap layer of 5 nm Pt. FIG. 5 shows that the shape of the
loop changes dramatically such that Hc=7.18, S=1.0, Hn=2.83, and alpha=2.17. The
increase of the slope of the loop is direct evidence of enhanced exchange coupling
between the magnetic grains.

[0045]  FIG. 6 is a series of hysteresis loops of the media with increasing Pt cap
thickness. FIG. 6 shows data for a flyable media series, which is not the same sample
series as in FIGs. 4 and 5. It can be seen that the slope of the loop increases as the cap
thickness increases. In the meantime, H. decreases as the cap thickness increases.

[0046] FIG. 7 is a graph of alpha parameter versus the Pt cap thickness. FIG. 7

shows that the slope saturates beyond about a 2 nm thickness.



[00431 FIG. 4 is a hysteresis loop of an exchange decoupled media having
the following structure: Glass\Ta 3mn\Cu 2nm\CoCr25Ru50 5nm\Ru
7nm\CoPtO (oxide 28vol.%) I3nm\COC 7nm. The M, is determined to be
about 750 emu/cc. From FIG. 4, it can be seen that the media has a

copisdvity He18;13 kQegraps arafbREMEssadSoMiNiche) Amdiherslpperafstve cap
loop alpha-dNI/dI~FH Hc-1.22. [00441 FIG. 5 is a hysteresis loop of a media
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54655 & 8RN \Gie2NHRHSRE 600D RETIM\R Wak BB \Ceo P tRatOxisl 838 \500) signal

_ I13nm\Pt 5nm. FIG. 5 shows a hysteresis loop of the same medium as in FIG.
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paeHaRaRS iamaticalivisechsdadsHerd Béoards hailT2dnane ppRa=2nkd clearly

The increase of the slope of the loop is direct evidence of enhanced

demenstiaties Lyupnligizabansdisthel hsgredeY§rains. [00451 FIG. 6 is a series of

hyie48is 170ps ehdhd sredissvyithtisicraasingphicaamdhikresspHiseOprboMss a
data for a flyable media series, which is not the same sample series as in

unesR GXGRRPEC 1EXEh W Q2 ah HitathastEpasor 1hS FBg e eual apddhigness

cathiskReRS INCIBasR | Retiie: medNHME, HeliectcasesasitheFaptthigknagsr grain
increases. [00461 F|G. 7.is a graph of alpha parameter versus the Pt cap . .
degnuRiBgs cppEsarey m@m&v&@guaﬁg% P RASEBEGH AGh SRS 4rackn gorrelation

letigiBkresshictd (ROAEhEDBsidR gEaplaiabtaenKNS readhackisignataib@: for
kFCI versus Pt cap thickness. A pseudo-random bit sequence signal was

fing a6 SGY'a BAOTBYHEad at 5400 rpm with a linear density of 6000

kHG044canhe saaavthabthaireadedek pighrhincegasas wisoadndro Riseadish a
layer thickness and then. satyrates. This. indicates that Pt participates in the .
R BT ARl e D AR Y G HEBE Ray b RSCBiBERR (O auantify
exdRingasisatemheupalatzativneaffestrofiencagvayar o461 Excimnise adlavel.,)
description, it is apparent that the Pt czg)glayer provides a uniform exchange

anghyBF GROR B BPEHRA BT oftali7s. e el ieyer PASRTRD APRDthidkHedscRRiation

sl adissied hapiaEsthesamay @ EJehanBR At aRURbAEINtRIG assdarTo
ain decoupling, consequently adjusting the transition parameter and

a g%gggggbkt]é%ﬁ@péﬂ%hange interaction field can be calculated from He=4nMsg(1-
I/a), and the normalized exchange coupling strength can be determined as
hex=Hex/(N*Hg), where Hg is the anisotropy field and N is the number of neighboring
interacting grains, typically close to 6. For advanced granular oxide perpendicular media,
hex is typically between 0.05 and 0.1 for media with full squareness (S=1) and negative
nucleation field. This exceeds the optimum level of exchange indicated in FIG. 3. On
the other hand, there are media designs with more oxide doping and as a result, smaller
exchange can be reached at thicknesses between 0 and 0.5 nm. However, the squareness
of such media is typically less than 1. When media is designed to have squareness (S)
<1, exchange coupling can be added to increase the remanence of the media in order to
reduce DC noise.

[0050] In another important aspect, exchange coupling reduces the coercivity (Hy)
of the media, and therefore improves writeability. Hy is the short-time coercivity of the

media. The currently used CoPt granular media has M; as high as 750 emu/cc (per total



length to achieve the highest possible recording density. This provides a
technique for fine tuning the media periormance. [00491 To achieve
optimized media performance, it is irﬁﬁ rtant to establish a quantitative
measurement of exchange coupling strength. In a recent effort to quantify

voRXERANIRICAHP IPSLRIFGNGhetR HNBRN CRIdglatign gesbinePtA@xehaNgeave
field (H..) and the loop slope Earameter a, (a,-47TdNVdH~1D==Hc) has
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re§ERENANG PRI eipMedalsLaingmsed. THAMRLOTd t[h?g[‘ﬁt%tﬁm%lds

interaction field can be calculated from H,-47UMs(l- I/a,), and the normalized
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xR RRuspRXSeld ARNELAY 18, IBed NP AlNAIBHPRNRG HRIEBRINEHY @HE%’_of the

typically close to 6. For advanced granular oxide %gr endicular media, h, is
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indicated in FIG. 3. On the other hand, there are media designs with more

oxi®®5dbpin§shdhs'a fe it snedlisPMREharyedahrbinfbeaiHiey Bporer on-track
pditiskngssesRetweamReand QppildOnHOWEY forthe SARIGHE MK SraiuMediade

is typically less than 1. When media is designed to have squareness (S) <1,

medigh hydicBubRre eRlingdatiBetn i icRhlE e seTignBs anoriHe hfgdflsin The
teQIRErAs rpetsief naise o (ASGHPINRARtheriMRYIANLASPRE EXNARGENg the

coup:ifrég reduces the coercivity (Ho) of the media, and therefore improves
anjor iR AR B e agIsH IR Coercivity of the media. The currently used

CogrpnulRrcmesiabastVa as e RBntoR ABHHEEPeE 1o Y BRI as the

the packing fraction included). A fully-decoupled media will have

alphg-1nerghisso. akithe CaR PR SEPpat . A higianisbirdipy ifedigh, AfHarducing
extclkatideadyds ntRAHIRAND POIRIR REERSNIIGIAII 8 INAAABER: HOWAYEht D¢he oxide.

large saturation fields exceed the write field of today's available

SesandeHificiRe e aRNe HoRAMES drtPdRfiemd - xdhsiol SBlisRAG dardikgiceduce

thélex@nandeatind thuabayshexamplerlpmar(theralons ekihgchisierrsts loamhnge
needs to be increased from I to 1.6, for h., from 0 to 0.03, assuming N-

; 6,
COURIDE M NFFSIQ AT IR FapRS B down fmdisai@oMoRAaPRsEELY: the
h Q) (st a@Epb Rt SNy alRhaineicating Fesiat OirdiAgKPt capping. FIG.

9 shows a need to separate the effect of Pt cap from the oxide in order to interpret the
data.

[0053]  FIGs. 10 and 11 are graphs of MOKE sweep rate results showing K,V/kT
and Hy trends against Pt cap thickness. It is seen that the thermal stability coefficient
K, V/kgT stays more or less constant as the Pt cap thickness increases. This indicates that
the type of exchange coupling introduced between magnetic layers will not increase the
magnetic switching volume. On the other hand, the increase in Pt cap thickness
dramatically decreases the short-time coercivity Hy. This will improve the writeability of
the media.

[0054]  FIG. 12 is a hysteresis curve of a fully-decoupled medium and the fully-
decoupled media with a 1 nm Pt cap layer. Curve 100 relates to a fully-decoupled
medium with alpha = 1.02, Hc = 7.7 kOe, S = 0.84 and the medium for curve 102 is the



performance when exchange coupling increases, for conventional PMR
granular oxide media, in which the coupling has been reduced by increasing
the amount of oxide. The testing was llpﬁ'rformed using a 64 kTPI head. The
alpha was varied by varying the amount of oxide in the magnetic layer.

salR922 ¥t ear be FeeRAt e rarPHing &@rqupanﬁsm@%? rally gloteriatat@sha =
as the alpha increases. This can be explained in two waleé)z. First, the way of

Lintrbuthsgsexen ageridshiomedit raraicnas Mosul St ieled By addingriy? nm

pithgamount of the oxide. Second, the value of alpha does not drop below
1.3. There is still room to further reduce the exchange and reduce alpha to 1.
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introduced by a uniform exchange feature, such as Pt capping. FIG. 9 shows
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showing K.V/KT and Ho trends against Pt cap thickness. It is seen that the

wheB iR EEIRS@Rient K. V/KBT stays more or less constant as the Pt

CapiBiEknes3IdRCcreRses. IThiadnicaies Wak thetiiaplaxehaogetCorIging is a
introduced between magnetic layers will not increase the magnetic switching

2rgpfuleS OMRe Biis A IRErBhsandpegsshikifedst Shandigigters of
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the media. [00541 FIG. 12 is a hysteresis curve of a fully-decoupled medium
byaﬂ&%?etﬂmgﬁ wméa%es?awﬁﬁw aﬁlﬂ?n 16t %&9&% ealbdﬂ?erafégaﬁ? of
eSAVINIKY aauRlad-canBdisppIviih MpRacap. Qe CThis ddisBatdd. 8 poskibRity of
medium for curve 102 is the -12 same as_for curve 100 except for 2 nm of Pt
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represent calculated locations for various kinds of non-linear echoes. The height of the
main signal peak represents the strength of the dibit response, which in turn is a function
of the read-back signal. Thus, the strength of the read-back signal as a function of the
thickness of the Pt capping layer can be derived in two ways: a) using the height of the
dipulse peak, as calculated above, and b) calculating the RMS signal strength of a PRBS
pattern.

[0058] FIG. 16 shows the dipulse extraction signal peak versus Pt cap thickness.
In FIG. 16, the increase in the dipulse peak signal strength in going from 0 nm to 1 nm of
Pt capping layer is a clear indication of the active, polarizing nature of the Pt cap. The
reason that the dipulse peak strength decreases with further increases in Pt cap thickness
is because the Pt broadens the peak (increases PW50), and thus the peak amplitude falls.

[0059] FIGs. 17 and 18 show dynamic coercivity results of the Pt cap thickness

series, showing similar trends as in FIGs. 10 and 13.



measurements by the MOKE sweep rate method on the same two media as

in FIG. 12. The plot shows a reduction of the short-time coercivity Ho from

15.7 kOe to 12.1 kOe when 2 nm Pt'clgp'is added. [0056] FIGs. 14, 16, 17

and 18 show data for the same sample set. FIG. 14 is a graph of eSMNR of
megieRoaingdhe PLcansthipkerswind Gog BEROWS fing.ste peririnGi&asinthe Pt
Pt cap thickness and its effect on recorditzlg erformance, which is
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b) calculating the RMS signal strength of a PRBS pattern. [0058] FIG. 16
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Pt capping layer is a clear indication of the active, polarizing nature of the Pt
Seeaf&.t@%?'ayg@ayésm i ip1REplaIISHE Ry, SRAEPRRS, ir hRalRyer, other
spinGieRsESnR INhteaplihickness P, racaub e )R tdaBdens il peaked as the cap.
(increases PW50), and thus the peak amplitude falls. [é)o 9] FIG .17fralnd 18
In R S A R PRSRE BAETSER RS EARASSE oL pIurafiggiTgyers:
sinqulE3irendy leigeinbe | Gscifoanbhl Heed AELOP FiCedAsio f Graphl kawiplgs, it
log BER cross-track perfa nce of the Pt capped media at 850 kBPI. The
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0611 The Pt cap layer can be used to continuously adjust the exchange
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between the magnetic grains (a-1-2.5) by varying cap thickness. The Pt cap
layer provides a uniform exchange Ia){gr on top of the magnetic grains. It can
adjust media writeability, squareness, and inter-granular exchange coupling
to match the recording head design. It provides a means to explore wider
whrdia gdesignispace. It also can fine tune the media properties to maximize
on-track and cross-track performance. [00621 This invention uses a uniform
exchange ehhanceéMePREIGYRR}ISMSlar magnetic recording layer,
wherein the gigwidtasclayer includes a plurality of grains separated by oxide
boundaries. While the described examples use a Pt cap layer, other spin
polarizing nfatefAIRdstiRrraenphe WRSEHCCo, Ni, and Fe can also be used as

the cap. In additignyhiegxebasgeciiregment layer can be comprised of a
plurality of layers. [00631 While the invention has been described in terms of

several exafPBEIRUIGIRBY abaPsntSTHYSE SKNRSEN e BASPRiG dtNstshas a

grehdRgesicamie vadprioiiae miselasedgxamplesavithoubieparting drmctherain
scope of the invention as set forth in the following claims. -14 What is
boundaieri@nf . An apparatus comprising: substrate; soft underlayer on the

substrate; an isteHayes enhhr satindndesayainadnagneliclayes AT e granular
interlayer, wherein the magnetic layer has a granular structure comprising

mAgneRelyErains separated by non-magnetic grain boundaries; and an
exchange ephancernentpyestiernagd agithe sukaeecaf thigegi@itlakgnetic grain
b maign,etic layer. 2. The apparatus, of claim 1, wherein the non-magnetic grain

ASHESBBHSHEE SRaMDRE of2AnBXitde, % Hitiilfe, BF 2RGHRE non-magnetic

méeranagnetic material. 3. The apparatus of claim 1, wherein the exchange
enhancemegl t Iayerl'he apparatus of claim 1, wherein the exchange enhancement layer
comprises one of: Pt, Ru, Pd, Co, Ni, and Fe.
4. The apparatus of claim 1, wherein the exchange enhancement layer
comprises a plurality of layers.
5. The apparatus of claim 1, wherein the exchange enhancement layer

has a thickness in the range of 0.5 nm to 5 nm.

6. The apparatus of claim 1, wherein the magnetic layer includes a
cobalt-based alloy.
7. The apparatus of claim 1, further comprising:

a protective overcoat formed over the surface of the exchange
enhancement layer.

8. The apparatus of claim 1, wherein the grain boundaries have a
thickness in the range of about 2 A to about 20 A.

0. The apparatus of claim 1, wherein the at least one interlayer
comprises at least one of Ru, RuCr, and non-magnetic CoCer.

10. The apparatus of claim 1, wherein the magnetic grains are fully-

decoupled.



comprises one of: Pt, Ru, Pd, Co, Ni, and Fe. 4. The apparatus of claim 1,
wherein the exchange enhancement I? er comprises a plurality of layers. 5.
The apparatus of claim 1, wherein the ' exchange enhancement layer has a
thickness in the range of 0.5 mn to 5 nm. 6. The apparatus of claim 1,
wherein the jpagnetie laygirinciusies ant obaltiasethaieyenbtitN8 ARPRAJUS size
. of claim 1, further comprising: a protective overcoat formed over the surface
in Shgrangg faahgut érﬂﬁ’é%é‘?ﬁ’éﬁ”ﬁ%. 8. The apparatus of claim 1, wherein
the grain boyndarighhaypaatiicknessii theJwapaenofiRbernd 1Ay tthaPeut2ayer
. A. 9. The apparatus aof claim_1, wherein the at least one interlayer comprises
NGRS B DR RAOTRUE S e ot RRtSBRtIRACY @POoYh 3 AT pAFatns (A0S0
atdmy¢hieénthe magnetic grains are fully decoupled. - 15 11. The apparatus
of claim 1, wherein the magnetic grains have a size in the range of about 3
nm to about'$0 nmT A2 *PREUPPAHAEIEIBY diaitdribh EheisTHE Gramaghetic layer
inOnagREsic layehintelugien 0XY 48R 06¢eRiEIT KbaueancaikaligReEAPRUAbut
atomic percent to about 40 atomic percent. 13. The apparatus of claim 1,
30 AR PHEGFanular magnetic layer includes oxygen and/or nitrogen in a
concentration of about 10 atomic percent to about 30 atomic percent.
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