ALLOY AND ARCHI TECTURE DESI GN FOR HEAT- ASSI STED MAGNETI C RECORDI NG

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] The present application clains
the benefit of priority under 35 U S.C. 119 from U. S. Provisional Patent
Application Serial No. 60/833,809 entitled "ALLOY AND ARCH TECTURE DESI GN
FOR HEAT- ASSI STED MAGNETI C RECORDI NG, " filed on July 28, 2006, the

di scl osure of which is hereby incorporated by reference in its entirety for
al | purposes. STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT [ 0002] Not applicable. FIELD OF THE | NVENTI ON [ 0003] The
present invention generally relates to magnetic recording nedia and, in
particular, relates to magnetic recording nedia for heat-assisted nagnetic
recording ("HAVR'). BACKGROUND OF THE | NVENTI ON [ 0004] To satisfy the
ever-i ncreasi ng demandALAOYrANDARCHIRESITURBDESIGN capacity of  magnetic
recordi ng nedia ha | ). AsS a result the areal densities
of magnetic recor @A - 2! REGORDINGr [ init permitted
by such | ow magnet ocrystal I ine anisotropy constant ("K'") naterials as
CoCrPt and the like. The use of materials wth higher anisotropy constants
is desirable, but inpracticable given the nmagnetic and thermal |imtations
i nposed by magnetic data storage wite nmechanisns. Accordingly, -1 there is
a needCROISSARHRERENCHAT @ REIOATED ARRIICH IO areal densities that can
overcone these I|imtations. SUMVARY OF THE | NVENTI ON

[0001]  The present application claims the benefit of priority under 35 U.S.C. §119 from
U.S. Provisional Patent Application Serial No. 60/833,809 entitled “ALLOY AND
ARCHITECTURE DESIGN FOR HEAT-ASSISTED MAGNETIC RECORDING,” filed on
July 28, 2006, the disclosure of which is hereby incorporated by reference in its entirety for

all purposes.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002]  Not applicable.
FIELD OF THE INVENTION

{0003]  The present invention generally relates to magnetic recording media and, in
particular, relates to magnetic recording media for heat-assisted magnetic recording

(CCHAMR!‘J).
BACKGROUND OF THE INVENTION

[0004] To satisfy the ever-increasing demand for greater data storage, the capacity of
magnetic recording media has been steadily rising. As a result, the areal densities of
magnetic recording media have begun to reach the upper limit permitted by such low
magnetocrystalline anisotropy constant (“K,”) materials as CoCrPt and the like. The use of
materials with higher anisotropy constants is desirable, but impracticable given the magnetic

and thermal limitations imposed by magnetic data storage write mechanisms. Accordingly,
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[ 0005] The present invention provides magnetic recording nedia with inproved
heat dissipation for use in heat-assisted magnetic recording ("HAVR') and
met hods for making such nmedia. In accordance with one enbodi nent of the
present invention, a nagnetic recording nediumincludes a heatsink layer, a
magneti c data storage |layer, and internediate |ayers between the heatsink
and nmagnetic data storage |ayers. The magnetic data storage |ayer and the
internedi ate | ayers include high thermal conductivity conduits for

di ssi pahdraiyg a deed forfmagnetih datamigmagei witl highersarenl slgasitiesythat cap ovéreome iesd nk

| ayer. ,These high thermal conductivity conduits are provided by grain
boundaﬁvnﬁﬁgg%s with high thermal conductivity 1in both the magnetic data
storage layer and the internedi ate |ayers. [0006] According to one

enbodi eMIMRAR T 08" PHESSVENTIYRNt i on, a magnetic recording nediumfor
heat - assi sted magnetic recordi ng i ncludes a nagnetic data storage |ayer

havi ng a EI urality of magneti c_%gai ns separated by a plurality of grain
boundal§005hasdbe prsentphandibh providss mpgaciic tsoonditgryedin adibsmpkoveddiedtagnet i ¢

data st,or. | h hi gher th | .conductivity th th |
Canduc ARoPRGEn B B hhed-Sioitle Ttenk e Fepras P RNt aafsot "ok or ai ng
medi UMshdhrth&tBs. InHebSdBRcetwile Bhe ShRIMRHEST (RO Fre R irentT®, @ rhanefisredi at e

| ayers di sposed between the magnetic data storage |ayer and the heat sink

| ayer . r€auingiedingm innkides a heatrimk laptr p megnatieddtasterage teysr,anglintemhddiage of
crystallin has ains separated b lural ity of rai n boundary phases.
The pl (PEEDYGER T Bl B BRERPeDR debs Taspes Réeronihomagtitl L YUARE A at o

| ayer s|havgdandinkiaiedlACIBS icPAUGER WebHall dABucRivit) 85 AR FONENGsdingt y of the
pluralify of crystalline phase grains. [0007] According to another

enbodi hemiroof the hegpetésdas storage ityieoto, the hessink dhykor THese highgharmakagnet i ¢

recordi ng, medi um f.or heat - assi sted nmagnetic_recording includes, the, steps of
provi dF?fgluﬁt“H‘é’actogfjWﬁs e PEIVISHI P R ngqrymgggg wWithehig W@F‘ﬂé(ﬁoa‘fhémivﬁyer over

the hofwidlthe ikt aiGublzc 38 in 0 ihRhALIREIALS, Laver has a plurality of

crystalli1ne phase gralns separate ural 'ty of grain boundary phases.
The plurality of grain boundary phases of the at |east one internediate
| ayer [H¥N6] a Acghdingttdencrehbodimdomdfithe presetamveatioh armagnetonctootingi ty of the

medium for heat-assisted magnetic recording includes a magnetic data storage layer having a
plurality of magnetic grains separated by a plurality of grain boundary phases. The plurality
of grain boundary phases of the magnetic data storage layer have a higher thermal
conductivity than a thermal conductivity of the plurality of magnetic grains. The magnetic
recording medium further includes a heat sink layer and one or more intermediate layers
disposed between the magnetic data storage layer and the heat sink layer. Each of the one or
more intermediate layers has a plurality of crystalline phase grains separated by a plurality of
grain boundary phases. The plurality of grain boundary phases of the one or more
intermediate layers have a higher thermal conductivity than a thermal conductivity of the

plurality of crystalline phase grains.

[0007]  According to another embodiment of the present invention, a method for forming a
magnetic recording medium for heat-assisted magnetic recording includes the steps of
providing a heatsink layer and forming at least one intermediate layer over the heatsink layer.
The at least one intermediate layer has a plurality of crystalline phase grains separated by a
plurality of grain boundary phases. The plurality of grain boundary phases of the at least one

intermediate layer have a higher thermal conductivity than a thermal conductivity of the
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-2 plurality of crystalline phase grains. The nethod further includes the
step of formng a nagnetic data storage |ayer over the at |east one
intermedi ate |l ayer. The magnetic data storage |layer has a plurality of
magnetic grains separated by a plurality of grain boundary phases. The
plurality of grain boundary phases of the nagnetic data storage |ayer have a
hi gher thermal conductivity than a thermal conductivity of the plurality of

magnet pmrgrtgloﬂ Srysta[l R QBhseAE§iaE dTHY micthod TRk IS lincitRe ehd@ep oftforthing apr esent
i nvention, magnetic recordi ng nedium for heat-assisted magnetic recording

i ncl udaf@gaetlfe@mtp@g@l &sr aves thegs lgagyene lnmwgata layﬁr uthg¢ magnedk dakgnet i ¢

grains f osed

Bt weoroPira "Bles Bt pOBIRLo ARG RNE ePlin TR Bl i Tl ot URIDUMSREZRT o (e
one or phaes Therljblefallﬁl%,dbi@ér&n|b®)dﬁdsﬁry PBSsed oPthdmghttic ta Stotdganafer havesd al | i ne
phase gralns separated by a plurality of grain boundary phases. The

pl ural tgyeb&e@maé.cmcbwumaﬂvngﬁh@wl P@iﬂé‘c@wim eftibe pluralisy pamageatig @ENYyi ty t han

a thermal conductivity of the plurality of crystal | i ne phase grains. [0009]

Accor dj (Rﬁs 0 ald I‘HElr t§ q}?&g&mﬁ%odﬁ%eﬁtr}? seP m'vgﬁltgﬁt% n,gngnct”l%&;} fhof Or

formnf a ma ne recor i C regordl ng

i ncl Udﬁﬁdhﬂﬁfo‘ih@ﬁsasﬁfsted ﬂfagmtw regordirpeaéialdla Hn%f@ﬁc aned sfo@ﬁgla Iageralavingast one
internedi ate | ayer over the heatsink |ayer. e at | east one internedi ate

| ayer Plagalidy pf magnatic\erains, 8 dreatrfivds lawwdamp Ionmom@md@tqigyers dispessfied by a

I I h I I t h

b "t d ud LR ROE il RE e FeeRL I or e S ReRneRY BRRL YU Vi
t han aintdigedntle lapQOHACE plvtdiyy Of colitndt! ey sMliide/piake granfitsaparhe@ bphase grai ns.
The net hod further includes the step of formng a nmagnetic data storage

: ayer pueality glegrain Hoandary pheses.nihe phutildy ef graindrounddry phaseghevé @E@?Iadst or agg
that oo Re R BHLEE el ooy Sosnefve) TS abray ahervonlhelrBriGhitRy det ot ed

description are exenplary and expl anatory and are intended to provide

furt hﬂrooeaqpl anaddr@fg 9 andiferieRAINM&N ofheGhrése B verBidh ErmaRbFbMe G THE

magnetic recording medium for heat-assisted magnetic recording includes the steps of

providing a heatsink layer and forming at least one intermediate layer over the heatsink layer.

The at least one intermediate layer has a plurality of columnar crystalline phase grains

separated by a plurality of grain boundary phases. The plurality of grain boundary phases of

the at least one intermediate layer have a higher thermal conductivity than a thermal

conductivity of the plurality of crystalline phase grains. The method further includes the step

of forming a magnetic data storage layer over the at least one intermediate layer, the

magnetic data storage layer having a plurality of magnetic grains.

[0010]  Itis to be understood that both the foregoing summary of the invention and the
following detailed description are exemplary and explanatory and are intended to provide

further explanation of the invention as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  The accompanying drawings, which are included to provide further understanding

of the invention and are incorporated in and constitute a part of this specification, illustrate



[ 0011] The acconpanyi ng draw ngs, which are included to provide further
understanding of the invention and are incorporated in and constitute a

part of this specification, illustrate -3 enbodinents of the invention and
together with the description serve to explain the principles of the
invention. In the drawings: [0012] Figure 1 illustrates a magnetic recording

medi um for heat-assi sted magnetic recording according to one enbodi nent of

the presfatiohdiesttthOmvedfihladd (5 Svith tihlcai!de_-?cfr@%ﬁe : M@%‘iﬁ fher €COr di ng

medi um for heat - assi sted magnetic recordi ng according to one enbodi nent of

t he pr @sapiples e thetipoamtion0bithe drivjugse 3 illustrates a plan view of a magnetic

recordi ng nmedi um according to one aspect of the present invention; and
flowchart illustratin od for formng a magnetic

[ 0015] (FiQuir e IS .a_met

recor dilbr?dgﬁlllrrvstlj:iﬁ1 &S 1 88)1}“5 8%??%?&?%‘&%@%@5}%&?@@2@6 ‘?fit“ﬁbs‘sé?i‘ﬁ‘?‘%ﬁ to one
enbodi p@tdinf adcbRlifg RSEHRlemtodiSet ioPthe JEEA thEDRSCRI PTI ON OF THE | NVENTI ON
[0016] In the followi ng detail ed description, nunerous specific details are

set forth to provide a full understanding of the present invention. It wll
be appdfUH , Hignes 2 lustratep amagoetiti ieeoriding médibinddr heat-assésteat magreic t he present
i nvent ie%n racticed . w.t ho me of these specific details. In other

b
C s?,rd}lsl\%ﬁcs Wogltereg&of]%??tgﬂ@%tpé%sﬁﬂ‘i IJUE¥%ave not been shown in

i nst ance
detail to avoid unnecessarily obscuring the present invention. [0017]

Heat - ap019] edFIReN®Hitra®e ® plhREew Br%gheti&e@orﬁﬁgmm'i&ﬂxcé@raihgwsndwt enti al

to solve a nunber of fundanental probléns concerning thermal Tluctuation

and wr pspscicplabpricseny inventioragnét i ¢ recording media with very high areal
densities (e.g., higher than 400 Gbit/in2). At these high areal densities,

th tic. i,al i, t hi gh t talli i sot
const aloTeh - Ptecf s T oy iafing s rdind TR o PretstsdieoatiBys) bosomes
| nper afnedim fof hed 43RS maBRAUR e &r8ing Wecbradmg t€ Bhe eftB6dimBht JSFARSPIE&EY be used.

Due to the
invention,

DETAILED DESCRIPTION OF THE INVENTION

f0016]  In the following detailed description, numerous specific details are set forth to
provide a full understanding of the present invention. It will be apparent, however, to one
ordinarily skilled in the art that the present invention may be practiced without some of these
specific details. In other instances, well-known structures and techniques have not been

shown in detail to avoid unnecessarily obscuring the present invention.

{0017]  Heat-assisted magnetic recording (“HAMR?™) is a technology with the potential to
solve a number of fundamental problems concerning thermal fluctuation and write capability
in magnetic recording media with very high areal densities (e.g., higher than 400 Gbit/in?).
At these high areal densities, the use of magnetic materials with a high magnetocrystalline
anisotropy constant (“K,”) (e.g., higher than conventional CoCrPt-based alloys) becomes
imperative. For example, materials such as FePt, CoPt or CosSm may be used. Due to the
high coercivity (“H.”) of such materials, however, the write head(s) of a magnetic recording

device may be unable to generate a sufficiently strong magnetic field to write to the medium.

[0018]  To address this issue, in heat-assisted magnetic recording, the recording medium is

heated locally during a write operation. Elevating the temperature of the recording medium
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hi gh coercivity ("He") of such materials, however, the wite head(s) of a
magneti c recording device nay be unable to generate a sufficiently strong
magnetic field to wite to the nedium 10018] To address this issue, in
heat - assi sted magnetic recording, the recording nediumis heated locally
during a wite operation. Elevating the tenperature of the recordi ng nmedi um
-4 decreases the coercivity thereof, thereby reducing the strength of the
magnetic field required to successfully wite to the nedium Accordingly,

i n HAVRIECIgas i sperovitisligrep b dharchyasdicing the srevgthpf heandgnspiofieldirgguited. g, "in

t he nang- ); .0 t o, heat the ILC. ium.so that wite
oper at 1o siieeSFub AR kR MER! ISRindt) in TRAUE b Pist R ] B8 0

Thi s | odidl 4 zay sheltshogsigaper,at 88 nah@mdiérGange) ieakd td hbat thehhgdnetit T not
dissipated efficiently, may lead to instabilities (e.g., due to the phase

t r ansf RGN oA thet Wrkeopgiatians spsboperfarmed dinfthe highK.imazaetieditaserdgdyers in the

medi a Kra . i.nterdi ff isi.on and interfacial .eactions between
t he |a§%%§)@6%!ﬁe neagg%5?%5%%%“%&@%?6&?? : ’gﬁﬁﬁdﬁﬁgwﬁlgs%%tcfhe pr esent
i nvent ietfiiertlye Rl 04, to insabilates Co £ S8R @ thE phRQitAnYbitatioRIF MR fals of

di ssipation for use in heat-assisSted magnetic recording and nethods for

naki ng thadiffereatinteramediagsy loyarsindthe miegiarstack 4s|wallsasrintersdffesiomanbintecfaciabcor di ng

medi um . l\é@vacc rgai ng.to one enbodi nent of the present invention.
Magnet ir%a%ﬁl%% |%edlt§% |yﬁ%?‘100 i ncludes a substrate 101, a pre-coat |ayer

102, a heatsink layer 103, a magnetic data storage |ayer 107 and an

over cog8019qy efin 4QBrdaBet WakNahedier bidimemy 6f the Piesadnverabe! thereftRta st orage
| ayer 107 are di sposed a nunber of intermediate |layers: a miscellaneous

| ayer D@gnetigyeenrimgtmediowithomproyed heatdissipgon fdisain heattassisigdemagrese [ 0020]
Magnet i ¢ ta stor ayer. 107 Jincl.udes a ralit netic grains 107a
separ af 'eecaf;i ‘@&’/g ?&plflﬁﬁﬁgﬁﬁ %";&ﬁ?f“%ﬁ&?‘h”‘ﬁ%ﬁ&%wgﬁs 3&%%%@;“5%3‘%? A &R dar y
phases rekBridinddeé@iush fof HAMR dcb@inm!o 60 eRSbiividny o thaEre@aﬁ Meddn€oMr ai ns 107a.
Simlarly, the internediate |ayers 104 - 106 each have crystalline phase

gr ai nsMagpeticacearding mediim 196 umdedoy aphbgete [ Fon preseatiiyver 10hadrentaipdr 106 has
cryst aialylernFOS'E)g?nsaegn 14al3 st%PaGgg lasyeep %T’iagnedd anbgve%o%% ﬂygrollb%q Helween heatsink
layer 103 and magnetic data storage layer 107 are disposed a number of intermediate layers:

a miscellaneous layer 104, an orientation control layer 105, and an underlayer 106.

[0020] Magnetic data storage layer 107 includes a plurality of magnetic grains 107a
separated by a plurality of grain boundary phases 107b. Grain boundary phases 107b have a
higher thermal conductivity than magnetic grains 107a. Similarly, the intermediate layers
104 — 106 each have crystalline phase grains separated by grain boundary phases. For
example, underlayer 106 has crystalline phase grains 106a separated by grain boundary
phases 106b, and orientation control layer 105 has crystalline phase grains 105a separated by
grain boundary phases 105b. The grain boundary phases for each of the intermediate layers
have a higher thermal conductivity than the crystalline phase grains of the same layer. For
example, grain boundary phases 106b are more thermally conductive than crystalline phase
grains 106a, and grain boundary phases 105b are similarly more thermally conductive than

crystalline phase grains 105a.

[0021]  With this design, the grain boundary phases in the intermediate layers provide high
thermal conductivity conduits for dissipating heat generated (e.g., by a HAMR laser) in



phases 106b, and orientation control |ayer 105 has crystalline phase grains
105a separated by grain boundary phases 105b. The grain boundary phases for
each of the internediate |ayers have a higher thermal conductivity than the
crystalline phase grains of the sane |ayer. For exanple, grain boundary
phases 106b are nore thermally conductive than crystalline phase grains
106a, and grain boundary phases 105b are simlarly nore thermally conductive
than crystalline phase grains 105a. [0021) Wth this desjign, the grain
boundafiAgpetiseala sigraggdayent @f indiistnk Ipysjd 3. Jhedissipationydl thﬁ%é@trpéwen 5

conduct i.vi > i : £ di S8l i heat ge . - | aser)
in -5 E]Iggljr?ﬁef%ﬂllsg&ga ékge{%ggb%hﬁg)fgf%{f%gn o %‘g%%?%agﬁgﬁéaﬁegb? EQQflhag1J I'SS| pation
of thi saybsatlt pleepentdts thenthaedals b sk giuandiad smforﬁ%é Reeal07radotlico iyelzet ween
magneti c data storage |ayer 107 and adj acent ayers. It also prevents the
mat er i o8 widergging phase gapdomasion g fagrcessitheahivot her | ayers from

under goi ng phase transformati on due to excessive heat flux. [00221 Accordi ng

to one ct Qf. ti r i j . i.di ry. |- | ase

ar ai na TR 7 A¥eotay, 81088 2l AMEE bl e BLE H H OB XELFIATIRRTTSC

al ong araimxthst are oolngiht 1@ driatedngbiniligd pepesdiionlapd el ,akeg aanrdist he heat sink
| ayer), the heat transport from nagnetic data storage | ayer 107, to heatsink

| ayer tOroCcRERE He magpets dala stargs darenand e dgat sikdleyerd b hess BarspoBifiathe present
i t] h j s f LRt j_at
S B SO Iy RO S

st or agedditiey: asp@of the prekén? ioMehiign, NeaErat Isinatyi phasds of theAgnatdigtedat a
storage |ayer 107 to heatsink [ayer 103. [00231 Accordi ng to an additional
aspect layersthiaee phighenthermal eandustiyith epndheragegiisigraipginaagnglic gata §10528¢t her nal

R N R R T e s T

heat si aked Fyser 103. For exanpl e, heatsink layer 103 may include materials
such as copper ("Cu"), silver ("Ag"), gold ("Au") and/or alloys thereof.

[0023]  According to an additional aspect of the present invention, heatsink layer 103 has a
greater thermal conductivity than the magnetic grains of magnetic data storage layer 107, for
improving heat dissipation from magnetic data storage layer 107 to heatsink layer 103. For
example, heatsink layer 103 may include materials such as copper (“Cu”), silver (“Ag”), gold

(“Au”} and/or alloys thereof.

[0024]  While the foregoing exemplary embodiment of a magnetic recording medium has
been described as including a substrate layer, a pre-coat layer and an overcoat layer, the
scope of the present invention is not limited to such an arrangement. Rather, as will be
apparent to one of skill in the art, the present invention has application to magnetic recording
media without any of these layers, with some of these layers, and with other layers not
enumerated herein. Moreover, while the intermediate layers depicted above with reference to
the present exemplary embodiment have included a miscellaneous layer, an orientation
control layer and an underlayer, the scope of the present invention is not limited to such an
arrangement of intermediate layers. Rather, the present invention expressly contemplates
arrangements in which any number of intermediate layers, including a single intermediate

layer, are disposed between the heatsink layer and the magnetic data storage layer.



[ 00241 Wil e the foregoing exenplary enbodi nent of a nagnetic recording

medi um has been described as including a substrate |ayer, a pre-coat |ayer
and an overcoat |ayer, the scope of the present invention is not limted to
such an arrangenent. Rather, as will be apparent to one of skill in the
art, the present invention has application to magnetic recording nedia

w t hout any of these |layers, with sone of these |ayers, and with ot her

| ayer s Mmtovee theseriateadediae ¢dyers vy @y notvihitlude hieofi thé partiedaat e | ayers
depicted above with reference to the present exenplary enbodi nent have

i ncl udé&e@l%‘f%gyw&rﬁ‘é&ﬁ@eﬁ&?&q (en WBHFdRvERIGTSHIalEB REREIL 138 &< and an

under | ayer, the scope of the present invention is not limted to such an
arrang Ofa ¢f j 3 : ; o i pressly
ot e L L R R (8 RS VR GPRIRE B INEBAY HRafE ©

i ncl udangycrystallimglphasergreinsadiha déffertra yaermeliste tiyepamddn betmemntic Bgaheat si nk

| ayer and the magnetic data storage . |ayer. -6 Nbreover, these internedi ate

| ayer sSREARSSIYCRERY Y6EY infompaatigpyWidth (¢ ke CFpap ssignaliares) ndioryalufiice | ayers
descri - hengej r i i : ol .. etc.). [0025]
Accor d?ﬁgl% Iﬁ%eegﬁggﬁfartréeé %gg{“&%/ﬁ%m& ég gﬁlttbg?fr?s%rtfﬁ |95}}r}11 F&t%ﬁég%lir%gil: n boundary
phasesrecardingmydiual for iieAMRas dligtrateths Magnétieredoddirgr medivini20e imiadeatae | ayers

and in the netic data storage |l ayer nmay vary in conposition,_wdth
(i.e., S@SH@@@& Pisreapt ye02, %ﬁ%ﬁﬁ%@k W&,?H%% ampagagtiodata gtpge &yt 294 ust r at es

one su [ i i o i i for
R | 20 i SRR B i Rken s 100 20N e BREHAIR0 BT L0
201, aamrdésposala hadwedr o Qderntedi@alagébka mtyeNané0ds lagerBOINGL difentietior St or age

| ayer 207 and an overcoat |ayer 208. Between heatsink |ayer 203 and

nmagnet $antwhtayesiQy apdan uyderlaggr206ar e di sposed a number of i nternediate

| ayers: a m scel |l aneous | ayer 204, an orientation control |ayer 205, and an

der | 20 5 i : 7.6 | lit
o rgl00eok” oPtaehditil YBEBEL & A7 AUBLRAABRY GF bt BRECAR S B UL ces”
207b. $apatafedigunplaralitpbigam Rﬁﬁ&r?%ﬁ%eﬁzom.gﬂﬁd‘m bbeidand phaess00bihdvé y t han

magnetic grains 207a. Simlarly, the internediate |ayers ,
higher thermal conductivity than magnetic grains 207a. Simularly, the intermediate layers

204 — 206 each have crystalline phase grains separated by grain boundary phases. The grain
boundary phases (e.g., 205b, 206b) for each of the intermediate layers all have a higher
thermal conductivity than that of the crystalline phase grains (e.g., 205a, 206a) of the same
layer. As can be seen with reference to Figure 2, the grain boundary phases of the magnetic
data storage layer and the intermediate layers vary in width and volume fraction. For
example, grain boundary phases 206b of underlayer 206 represent a larger volume fraction
thereof than grain boundary phases 205b represent of orientation control layer 205. Grain

boundary phases 205b are wider than grain boundary phases 206b.

[0027]  Tuming to Figure 3, a plan view of a magnetic recording medium according to one
aspect of the present invention is illustrated. During HAMR, a highly focused laser beam
with a very small spot size (e.g., in the nano-meter range) is used to heat the magnetic data
storage layer, thereby reducing the strength of the magnetic field necessary to write data
thereto. The spot size 303 of an exemplary HAMR laser is superimposed upon magnetic
recording medium 300 to ilustrate that in one embodiment of the present invention, both the

grain boundary phases 302 and the grains 301 of the layers therein (e.g., the magnetic data



204 - 206 each have crystalline phase grains separated by grain boundary
phases. The grain boundary phases (e.g., 205b, 206b) for each of the
internediate | ayers all have a higher thermal conductivity than that of the
crystalline phase grains (e.g., 205a, 206a) of the same |ayer. As can be
seen with reference to Figure 2, the grain boundary phases of the magnetic
data storage |ayer and the internediate |ayers vary in wdth and vol une

fracti aioragedayerexdroplofe oﬂﬁﬁfdbmﬂélfﬁﬁﬁx\édm@l??&s)z@a@g aQfnall B bdsayelionad6

represent a larger volunme fraction thereof than grain boundary phases 205b

r epr es i@ than teiassit i 9if pehtizeol03) lwningeg by thafosuseddimbiR seshases 205b are
wi der than grain boundary phases 206b. [0027] Turning to Figure 3, a plan

vi ew of g j i . i.ym.accor di.ng t ne spect , of the present
nvent 10EAToOPhAE £ 3L AL RR ARG AR SR B R BEREER Mkl W 1052
very sroaéd illp@ited irZBighe Ywith ufi e cifang-giBhethé ad@ebf ihe prsest iheenfieats t he

magnetic data storage |ayer, thereby reducing the strength of the nmagnetic
field metbydead o ushwpiarangement. RetbeietowilThe appseent 40 thes@efkat indhe atenpl ary

HAVR | i par | upon netic_ recordi medi um 300 illustrate
t hat i?@ﬁfé"@,@%@ﬁ{%ﬁ%&g%ﬂﬁ% b gggrn(feft% i1 llcé?ﬁor@g% e n%e%aﬂoﬁg%oundary
phases udffemafer diRelg! Rithsay3@theOhavie ARy LAXSSSctioAST Phape ARl Hay virhen SRERRE | ¢ data
-7 storage |ayer and/or one or nore of the internedi ate |'ayers) have a

snal | ecrass-sedioselcthpphwithing segle liapr.t he area (i.e., the spot size 303)
illumnated by the focused HAMR | aser. [0028] Wi le for the sake of

sinpli t exenpl ar odi_ment descri bed. above has .been il ]lustrated
in Fi giérdez)é]& vmlﬂ‘{:%l r%%il or %%Egﬁ'ﬁpgﬁ%@géli rﬂ%tﬁoq Eoéc%g%lﬁé a_(f?agpﬁtéc ISFUdW% i nvention
IS nomeldium R thehtCasSi4ed rAdnefi¢ RBSRIR Yccofdid @ one@mbitiinkenP8f MBRAIset to those
of skill in the art, rains and grain boundary phases in a |layer of a

nmagnet iveréo r thengeilred baginn with optiendstep 4l f iprwhitlopneconmaencdayervare may r at her
have any . crass-sectional .shape and vary .i i ze and cross-sectional
Shape WVHICR YT RUstR dF OB 60B81e Tarert Piad 4nslude 5 o iRors PTeFed [¥ERat i ng a
net hod of gy cftﬂérrlhdf@s RnéW Rethbée JTRRDY idithdart "EHE BAR §OhoRtaRlerdma) Bk ed nmagnetic
recordi ng according to one enbodi nent of the present

provided by magnetron sputtering, physical vapor deposition, chemical vapor deposition, or

by any other process of providing layers in a magnetic recording medium readily apparent to

those of skill in the art. In step 402, a highly thermally conductive heatsink layer is provided

over the one or more layers optionally provided in step 401. The heatsink layer may likewise

be provided by magnetron sputtering, physical vapor deposition, chemical vapor deposition,

or by any other process known to those of skill in the art.

[0030] In step 403, one or more intermediate layers are formed over the heatsink layer.
The intermediate layers may be formed by magnetron sputtering, physical vapor deposition,
chemical vapor deposition, or by any other process known to those of skill in the art. The
one or more intermediate layers may include one or more underlayers, orientation control
layers, or any other magnetic or non-magnetic layer known to those of skill in the art. Each
intermediate layer includes crystalline phase grains separated by grain boundary phases with
a higher thermal conductivity than that of the crystalline phase grains. In step 404, a
magnetic data storage layer is formed over the one or more intermediate layers provided in
step 403. The data storage layer may likewise be formed by magnetron sputtering, physical

vapor deposition, chemical vapor deposition, or by any other process known to those of skill



invention. The nethod begins with optional step 401, in which one or nore

| ayers are provided over a substrate. The one or nore |ayers may include
one or nore pre-coat layers, or any other |ayers known to those of skill in
the art. The one or nore |ayers nay be provided by nagnetron sputtering,
physi cal vapor deposition, chem cal vapor deposition, or by any other
process of providing layers in a magnetic recordi ng nediumreadily apparent
to thoséhexdrt.skid magmetichlatasstaragd lnyetiegdud@2nagetic ghiins seharted by gratonduct i ve

heat si nk | ayer i s pr.gvide ver ,the one o re ers opti onal provi ded
st e TS pliasts B BRer feFan i Piegi et Msbob M Fatetlg gt Fon
sput t erdglignal BipI03abnd eRAbredRBRBAL b RN aeHeiGR (V& RO bi@he Or by any
ot her prﬂgces_s Known l'go thorsee.of _ski:f)él?s'i?lntb'?heI ar&e.ga’F%%)g] In)step 303, one or
nor e i nhagneadidat stdragednyerrevidakinstbpaldér t he heatsink |ayer. The

internedi ate | ayers may be fornmed by magnetron sputtering, physical vapor

d ition, i cal d ition, .or h t h k t
those dPOLH | (AT e SspfE0T Birerset By enion: B mr el G5 BRE mmy 1 nol ude

one or umﬁ&ar?ﬁaﬂ@srek AYBHtA mhé%hh?féii@%ﬁ%t&?é@lﬁ?ér ant Wi or Hior@ MitericbRlic Magneti c
[l 1nthe art. Each internedi ate

or non-magnetic |ayer known to those of ski
| ayer ilayxsrulios littly st me (6 mdephhael Qataimspaepd) sliddolpilgy @i thelmmtertdr y phases
with a higher thermal. conductivity than that of the crystallin ase

gr ai ns.“ ﬁg'étfrégptth_ﬁﬁﬁa,msam tﬁ%@a}’i’éet liaXf_’rd %r_eg‘feér%i:(jgrdl“é%/@ra“iaéid?{’é?r“%]@&p??%fphfhe one
Or  NOT §yrdsBhGhVGHOA! Beln@U& oPTHR\PralR Boluitary Pﬁ&eéﬁeﬁhe IheoabR inkRh&HR| ayer
may |i kew se be fornmed by magnetTon sputteting, physical vapor deposition,
cheni cadiyewsdpor liddpasia eqn, lesithay 1 Gatgmat percenpy sotidsslubildyvm the matcssé off  ski | |
-8 in the art. The nagnetic data stora | ayer includes nmagnetic grains
separ atRMBgReF &3NS B%fﬁﬁ&}fﬁg}@%@é@owggfﬁyar-hi gher thermal conductivity than

that of the magnetic grains. In optional step 405, one or nore overcoat

| ayers pr o\ - She i L ta storage
| ayer R AU & G oL SR bR UGh, he R O B o ot csen

i nvent ibomdarhphavat ef bath theahagretic dataistoragedayed any thehames niare bo¢rimetliaée magnet i ¢
data Stla%'%?s ea)lf 88 Ene%ﬂﬂc telgx%egtn(?r a?l%y r\T/'lelC iis Tﬁs%{urg?edéefié. ,e having less than 10 atomic

percent solid solubility) in the grains of the same layer. According to an alternative aspect of

the present invention, the grain boundary phase material may be a ceramic (e.g., an oxide,

boride, carbide, nitride, silicate, efc.) which is similarly insoluble (e.g., having less than 10

atomic percent solid solubility) in the grains of the same layer. According to yet another

aspect of the present invention, the grain boundary phase material may be a combination of a

ceramic and a metal or metal alloy.

[0033]  Table 1, below, illustrates several exemplary materials which may be utilized in
the grain boundary phases of different layers in a magnetic recording medium according to
various aspects of the present invention. As can be seen with reference to Table 1, the
thermal conductivity (k™) of each potential material is higher than that of the material of the
grains of the same layer (e.g., cobalt for the magnetic data storage layer, ruthenium for the

underlayer, nickel for the orientation control layer).
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ref erence
brial is

ent in@MibleAS Can Deinmeel W th
(Mkindoludle ea¢h potaniubial nat
e igfobRS Of the wanwll ayer|(e.qg.,

t a akaubkge [ ayeinsolubldt hehi um fiaswlublae ungder| ayer,
| ayer). -9 Table 1 Mag. Layer (Co)

Under | Qient. | 21 k=116 k=60. 7 Sol ubil it
nCo. UMb | Py ST SSGRRBF Frepy AT HrelgrolgEra bl ( 90awe) TA AUt emp &t r oo

tenp af“N1gthdyhPan appropriate material for the grain boundary phases in a nickel-based

ortentation control layer according to one embodiment of the present invention, as

to varioussiaspects2sd the
to Table 1j,aAlNhe {hamrmal c
hi gher thgrBebhat ©Of4st he nHl
cobal t f or| BN@exagp@tiosc da
ni ckel for the orientation control

pres@ide 1 N\
ondugdlubie ty
t er inradlutod t

molybdenum is insoluble in nickel at room temperature, and has a higher thermal
conductivity than that of nickel (i.e., 138 > 60.7). Molybdenum, however, may not be an
appropriate choice for use in the grain boundary phases of a cobalt-based magnetic data
storage layer or a ruthenium-based underlayer, as it is soluble in both cobalt and ruthenium at
room temperature. For similar reasons, tungsten (“W”) may be appropriate for use in the
grain boundary phases of a cobalt-based magnetic data storage layer, but not a ruthenium-

based underlayer or a nickel-based orientation control layer.

[0035]

various figures and embodiments, it should be understood that these are for itlustration

While the present invention has been particularly described with reference to the

purposes only and should not be taken as limiting the scope of the invention. There may be
many other ways to implement the invention. Many changes and modifications may be made
to the invention, by one having ordinary skill in the art, without departing from the spirit and

scope of the invention,

- 10 -



Cu 385 insoluble insoluble insoluble Ag 419 insol uble insoluble insoluble
An 301 insol uble insoluble insoluble W163.3 insoluble soluble soluble S
124 insol ubl e insoluble soluble M 138 sol uble soluble insoluble Ceramcs
sic 125.6 insoluble insoluble insoluble AIN 170 insoluble insoluble

i nsol uble BeO 248 insol uble insoluble insoluble BN (hex) 200-500 insol uble
i nsol ubl e i nsol ubl e 500341 For exanple, as can be seen with reference to
Tabl e WHABJVELARDIEBdEnum ("M") nmay be an appropriate material for the
grai n boundary phases in a nickel-based orientation control |ayer according

to_one embogl ey Al ke BRBRN VP RO os8Sica RHBMEAURLD, | NSOl ubl e [ 1

ni ckel at room tenperature, an er con vity than that
of ni cKﬁf_Lﬂ(iR,c,e., 138 > 60.7). Mdlybdenum however, may not be an

appr opk P MRChEIBRIISIB8 use in the grain boundary phases of a cobalt-based
magneti c data storage layer or a rutheni umbased underlayer, as it is

sol ubl e i n botapgneihddta starage layehkemiinga pluralitp ofmiaemydiergatios separatad byiari | ar
reasons, tungsten ("W) nay be appropriate for use in the grain boundary

phasesplfality 608aln blvadad pragReht phadis of bRiRBeuddaeshas&W tRohagneitt heni um
based under| ayer or a nickel-based orientation control |ayer. [00351 Wile

var 1 oud 1S YR hng ERieh e e AR BN SR B BLEECE 2 f o

iIIustr@tLon Igur ses .only and shoul d not be taken as limting the scope of
the i nBEHHOH & &HYSbe many other ways to inplement the invention.
Many changes and nodifications may be made to the invention, by one having
ordi nary ska hgatpinkidayerzand  wi t hout departing fromthe spirit and

one or more intermediate layers disposed between the magnetic data storage layer and
the heat sink layer, each of the one or more intermediate layers having a plurality of
crystalline phase grains separated by a plurality of grain boundary phases, the plurality of
grain boundary phases of the one or more intermediate layers having a higher thermal

conductivity than a thermal conductivity of the plurality of crystalline phase grains.

2. The magnetic recording medium of Claim 1, wherein a thermal conductivity
of the heat sink layer is greater than a thermal conductivity of the plurality of magnetic grains

of the magnetic data storage layer.

3. The magnetic recording medium of Claim 1, wherein, for each of the one or
more intermediate layers, the thermal conductivity of the plurality of grain boundary phases
is higher than a thermal conductivity of the plurality of magnetic grains of the magnetic data

storage layer.

-11 -



scope of the invention. -10 WHAT IS CLAIMED IS: | . A magnetic recording
medi um for heat-assisted magnetic recording ("HAMR') conprising: a nmagnetic
data storage layer having a plurality of magnetic grains separated by a
plurality of grain boundary phases, the plurality of grain boundary phases
of the magnetic data storage |ayer having a higher thermal conductivity
than a thermal conductivity of the plurality of magnetic grains; a heat
sink | ayer;  and e or nore internediate | ayers di sposed ween t he
magneti c dafa stgﬁ%@ég’i‘%@fé?méﬁ‘&g “E‘fhié“rﬁé’gg%mﬂk"‘fhé%‘? fo’é%?&ﬁ g? heORE %bne or
nore internmediate |ayers having a plurality of crystalline phase grains
separ amer: biermepkigriayes, y nodterngl aif thepgurdisr of griadesndary ehyses hasl lessyhaaf 10 gr ai n
boundary phases of the one or nore internediate |ayers having a higher

t her mahtomiopeteait sytid solitiAg ia athaendlof aenaygilline phasofprdife plurality of
crystalline phase grains. 2. The magnetic recording nmediumof Caiml,
wherein a thermal conductivity of the heat sink layer is greater than a

ther mal. conduct | Y iahehecdbhitg ddhom OF CTRANCUErdal 2brich BF B BRONCL | o

data storage layer. 3. The nmagnétic recor rumof Caiml1l, wherein,

" e B S A B o PR an b oh B ERLsSRR ©

conductivity of the pI urality of nmagnetic grains of the magnetic data

st or ag@lomigyiearcent galidssol Wthlétleﬁ@ﬁ@%tPféalloéﬂwrniﬁlrﬁbt)’rﬁfdnww g@miohthe  wherein, for
each of the one or nore internediate |layers, a material of the plurality of
gr ai n inegmetiadutaphasgsiapas | ess than 10 atom c percent solid solubility in a
material of the crystalline phase grains.

6. The magnetic recording medium of Claim 1, wherein the plurality of magnetic

grains comprise a material selected from the group consisting of FePt, CoPt and CosSm.

7. The magnetic recording medium of Claim 1, wherein, for one of the one or
more intermediate layers, a material of the plurality of grain boundary phases comprises a

ceramic.

8. The magnetic recording medium of Claim 7, wherein, for one of the one or
more intermediate layers, the material of the plurality of grain boundary phases is selected

from the group consisting of SiC, AIN, BeO and BN.

9. The magnetic recording medium of Claim 1, wherein, for one of the one or
more intermediate layers, a material of the plurality of grain boundary phases comprises a

metal or a metal alloy.

10.  The magnetic recording medium of Claim 9, wherein, for one of the one or

more intermediate layers, the material of the plurality of grain boundary phases is selected

“12 -



5. The magnetic recording nediumof Caim1, wherein, for each of the one or
nore internediate |ayers, a material of the plurality of grain boundary
phases has | ess than 10 atomc percent solid solubility in a material of
the plurality of magnetic grains of the nagnetic data storage |ayer. 6. The
magnetic recording nediumof Claim1l, wherein the plurality of nmagnetic
grains conprise a material selected fromthe group consisting of FePt, CoPt
and Cofim th? grolipeonsigimgt ofCu, epora, Mg SigdouaCafalley,a Ay dllowhexedlluy, 88 one of
the one or nore internediate |layers, a material of the plurality of grain
boundagaop A&s efo gy Meedlog. ceram c. 8. The magnetic recording medi um of
Claim7, wherein, for one of the one or nore internediate |ayers, the
material of the pI urality of grain boundary phases is selected fromthe

group consi g1 o1l i fericANra e Quafth BNc1dm TH RIS . d1360 wd}g redi um

of Claiml1, wherein e one nore I nt’ef medi ate [ayers,

mat eri al of t he rality of es,conprises a. netal or a
ot a1 | oroytergdBieiysm g et s R n%fé (B TORR P RISSS RGP A, f or one
of the one or nore internediate |layers, the material of the pl urallty of
grain b@ublddtqnqu@smpsméeitbartaeuetal-ﬂzimctahaltdye group consisting of Cu, Ag,
Au, W Si, Mo, a Cu alloy, a Ag alloy, a Au alloy, a W alloy, a Si aIon
and a Mo all oy. 11. The nmmgnetic recording mediumof Caim1l, wherein, for

one of the the oThe MBgwticitrdingnddd@inh 8§ €tdm 1@ wheietd ihalphohlitylé plural ity of
grai n boundary phases conprises a conbinati on of a ceramc and either a

netal Qi h'f(@?)ﬁése%l'ehﬁ’syof thé ond Qlem Egﬁ% 15@‘} B Bntar Haftsm 1,

wher ei n t urallity of crystal ase a| ns o) the one or nore
o o B 'et%h%iv?% it Sr?g‘fficfg’l“ﬁ%ﬁ el Pagletc i Gee Byp mdgheRtad 21 ond
sink layer.

13.  The magnetic recording medium of Claim 1, wherein each of the plurality of
grain boundary phases of the magnetic data storage layer has a cross-sectional area less than
a spot size of a focused laser beam used in HAMR, and wherein each of the plurality of grain
boundary phases of the one or more intermediate layers has a cross-sectional area less than a

spot size of a focused laser beam used in HAMR,

14.  The magnetic recording medium of Claim 1, wherein the heatsink layer
includes a material selected from the group consisting of Cu, Ag, Au, W, Si, Mo, a Cu alloy,

a Ag alloy, a Au alloy, a W alloy, a Si alloy and a Mo alloy.

15. A method for forming a magnetic recording medium for heat-assisted
magnetic recording (“HAMR?), the method comprising the steps of:
providing a heatsink layer;

forming at least one intermediate layer over the heatsink layer, the at least one

-13 -



sink layer. 13. The magnetic recording nediumof Caim1l, wherein each of
the plurality of grain boundary phases of the nagnetic data storage |ayer
has a cross-sectional area less than a spot size of a focused | aser beam
used in HAMR, and wherein each of the plurality of grain boundary phases of
the one or nore internediate | ayers has a cross-sectional area |l ess than a
spot size of a focused | aser beamused in HAMR 14. The nmagnetic recordi ng

medi unmiefmédiate taykr havirg eplurilhg ohagttallink phaseedraink fepatikalsbyaa priaity af sel ect ed
fromthe group consisting of Cu, Ag, Au, W Si, M), a Cu alloy, a Ag alloy,

a AU alrdifbourial¥ hdsey, théplatali) dQMaiMufdd gﬁéée%fm%ét 1e€sm%m9nﬁéaiaﬁéA ﬁ/rR m) ng a

magneti c recordi ng nmedi um for heat-assisté magnetic recording ("

| cast Tbo TSP RdieRheE hERTAR il st An a4l One” 13

internedi ate | ayer having a plurality of crystalline phase grains separated
by a p?Iin;Faéllﬂiet@aéefgra{j?saf“?fjgboundary phases, the plurality of grain boundary
phases of the at |east one internmediate |ayer having a higher thernmal
conduct i vi fyrmihga nzagnhes dath storagd gkt vivdrithoft ltdseopd inteainkditedfiyercthyst al | i ne
phase grains; and form ng a magnetic data storage | ayer over the at | east

one i MR Sotad¥ hyer hﬁ‘ﬁr(ljg s@gﬂﬁh% of ARkActR RAERY SepaPl &S bf‘ﬁkﬁiuﬁ‘eﬁitﬁom urality
of magnetic grains separated by a plurality o grai n boundary phases, the

pl ural i ' I Yy f the nef 4 t ayer
havi e pOdEE AR PRI R AR Bophdify ERERED s FRRRB BBt T e
plurality. of gnetic grains. 16. The pmethod of l.ai 5, erein formng
t he allaypggzgvtmg)gglgﬁ]lﬁq @F%@i%’f‘@cp‘é&‘?ﬁhan@dhﬁma&é%“délﬁi‘)‘f‘fye‘?r?itﬁﬁpm\{i\g“é?fI east one
intermedi ate | ayer over the heatsink layer. 17. The method of C aim 15,
wher eimghgrergraigst he magnetic data storage | ayer

16.  The method of Claim 15, wherein forming the at least one intermediate layer

comprises sputtering the at least one intermediate layer over the heatsink layer.

17.  The method of Claim 15, wherein forming the magnetic data storage layer

comprises sputtering the magnetic data storage layer over the at least one intermediate layer.

18. The method of Claim 15, wherein a thermal conductivity of the heat sink layer
is greater than a thermal conductivity of the plurality of magnetic grains of the magnetic data

storage layer.

19.  The method of Claim 15, wherein the thermal conductivity of the plurality of
grain boundary phases of the at least one intermediate layer is higher than a thermal

conductivity of the plurality of magnetic grains of the magnetic data storage layer.

- 14 -



conprises sputtering the nagnetic data storage | ayer over the at |east one
internediate |ayer. 18. The nethod of O aim 15, wherein a thernal
conductivity of the heat sink layer is greater than a thernmal conductivity
of the plurality of ndgnetic grains of the magnetic data storage |ayer. 19.
The met hod of C aim 15, wherein the thermal conductivity of the plurality of
grai n boundary phases of the at |east one internediate |ayer is higher than

a thermal 200nddteinvdthad 6f Clalif 1) Whétbintaym St iR S;Blﬁrzﬂﬁi)aéﬂ‘graiﬂfbotnﬁtﬁrﬁﬂgnet ic
data storage layer. -14 20. The nethod of C aim 15, wherein a material of

t he pl [ I : ' : iate
| ayer Phag PLE ol RRHRRAY o REAREesthad [FpiBhniq fRGln: SR CIMAFTAA, °0F ¢ e
crystal line,phase grai.ns of the at.|east one inter iate layer. 21. The

et nod BB R ahBr aftre grins e SR ot DR TGS 5t oy ai n boundary
phases of the at |east one internediate | ayer has less than 10 atom c
percent solid solubility in a material of the plurality of nmagnetic grains
of the magréti c Thametkadeligleim dfevhergin a muferiahef Khaoplofalicl ¢ff grpindoundiEY ei n t he
plurality of magnetic grains conprise a nmaterial selected fromthe group
consi phaseg obfhereRast obe Phteanetidle fSer hid3ess Then Ieitbhmik pdrcddt aolid sobybilvlyenei n a
material of the plurality of grain boundary phases of the at |east one

i nt er geghi@tf of ﬁﬁé‘ﬁulﬁﬁ%ﬂrﬁ%ﬁeﬁc RER e %&gneﬁ@%&ﬁ%&&@& @ferd @i m 23, wherein
the material of the plurality of grain boundary phases of the at |east one

internediate layer is selected fromthe group consisting of SIC, AN BeO

d BN. 25,,Th hod of i m 15 wh i i.al- . lit f
Spai n boun %‘ryeTg%énseg%O o?f(ﬁiﬁ%}l g%"%}:eéesl{)%?r)ér:%&riaﬁ{ygc?ft réééngekl‘é%faé@%%r@%%?i Ise)s/ g

netal or a netal alloy. 26. The nmethod of Caim.25, wherein the material of
the pPigtealal sgecird igomithe eroynsaBnsingPA$6BL 6Pt trd GPsSMeast one i nternedi at e
| ayer is selected fromthe group consisting of Cu, Ag, Au, W Si, M, Cu
al l oys, Ag alloys, Au alloys, Walloys, Si alloys and M

23, The method of Claim 15, wherein a material of the plurality of grain boundary

phases of the at least one intermediate layer comprises a ceramic.

24.  The method of Claim 23, wherein the material of the plurality of grain
boundary phases of the at least one intermediate layer is selected from the group consisting

of SiC, AIN, BeO and BN.

25.  The method of Claim 15, wherein a material of the plurality of grain boundary

phases of the at least one intermediate layer comprises a metal or a metal alloy.

26.  The method of Claim 25, wherein the material of the plurality of grain
boundary phases of the at least one intermediate layer is selected from the group consisting
of Cu, Ag, Au, W, Si, Mo, Cu alloys, Ag alloys, Au alloys, W alloys, Si alloys and Mo

alloys.

-15-



alloys. -15 27. The method of Caim 15, wherein a material of the plurality
of grain boundary phases of the at |east one internediate | ayer conprises a
conbination of a ceramic and either a netal or a netal alloy. 28. The

met hod of Claim 15, wherein the plurality of crystalline phase grains of

the at |east one internediate |ayer conprise columar grains substantially
oriented along an axis connecting the nmagnetic data storage |ayer and the
heat sink layer. 29. The nmethod of C aim 15, wherein each of the plurality
of grai n bo@hdar Yhe phawdfdflaitrhks, ragreéd b tnataiahosthe phgsalitly @y graildsuraary
cross-sectional area |less than a spot size of a focused | aser beamused in

HAMR,  sRaleybRAEhN£R6H ﬁlftermaiha@é MY& dobpriRbs DERhAInRVAH A raniR@aE iR, t he at

| east one internedi ate | ayer has a cross-sectional area |less than a spot
size o f er beamused in HAVR 30. The nethod of C aim 15,
wher ei% eﬁaéoﬁﬁﬁl%ga?ﬁl ‘ayer includes a material selected fromthe group
consisting of Cu, Au, Ag, Cu alloys, Au alloys and Ag alloys. 31. A

magneti c recordi medi ym_f or. heat -assi sted magnetic recording . ("HAMR')
conpri si ng: %; rrag}lgFe‘PFg’oaQF g?@%k%g*@e{eayé\e Hﬁ‘é’%‘tﬁ@?éwﬁ"’w% Bhage gﬁﬂ"’ﬁ&& netic
grains; a heat sink layer; and one or nore internediate | ayers di sposed
bet weethetah leastage att¢roned ste | ayeoeanywisk aylimman drainstsebtenttally ionkenied pong agach  of
the one or nore internediate |ayers having a plurality of col ummar

cryst ahilis ephiagah@ Ak ActiSERAE10Fa8 6 1dy¥r #hdxhe hadtisink 18fergr ai n boundary phases,
the plurality of grain boundary phases having a higher thermal conductivity

than a thermal conductivity of the plurality of crystalline phase grains.

-16 32, A g hodr{Qhetht B Bhi TSRURElFedch SPIHY Pkl rpMih Boufifay - assi sted
phases of the magnetic data storage layer has a cross-sectional area less than a spot size of a
focused laser beam used in HAMR, and wherein each of the plurality of grain boundary
phases of the at least one intermediate layer has a cross-sectional area less than a spot size of

a focused laser beam used in HAMR.

30.  The method of Claim 15, wherein the heatsink layer includes a material

selected from the group consisting of Cu, Au, Ag, Cu alloys, Au alloys and Ag alloys.

31. A magnetic recording medium for heat-assisted magnetic recording
(“HAMR”) comprising:

a magnetic data storage layer having a plurality of magnetic grains;

a heat sink layer; and

one or more intermediate layers disposed between the magnetic data storage layer and
the heat sink layer, each of the one or more intermediate layers having a plurality of
columnar crystalline phase grains separated by a plurality of grain boundary phases, the
plurality of grain boundary phases having a higher thermal conductivity than a thermal

conductivity of the plurality of crystalline phase grains.
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magnetic recording ("HAMR'), the nethod conprising the steps of providing a
heatsi nk | ayer; formng at |east one internediate |ayer over the heatsink

| ayer, the at least one internediate |layer having a plurality of columar
crystalline phase grains separated by a plurality of grain boundary phases,
the plurality of grain boundary phases of the at |east one internediate

| ayer having a higher thermal conductivity than a thermal conductivity of

the plural32ty o netlysitfet formengrmmsgnedicatdsdingatkdfudi forhgatsassiggdet i ¢ dat a
storage | ayer over the at |least one internediate |ayer, the magnetic data
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providing a heatsink layer;

forming at least one intermediate layer over the heatsink layer, the at least one
intermediate layer having a plurality of columnar crystalline phase grains separated by a
plurality of grain boundary phases, the plurality of grain boundary phases of the at least one
intermediate layer having a higher thermal conductivity than a thermal conductivity of the
plurality of crystalline phase grains; and

forming a magnetic data storage layer over the at least one intermediate [ayer, the

magnetic data storage layer having a plurality of magnetic grains.
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