LAMINATED EXCHANGE COUPLING ADHESION (LECA ) MEDIA FOR
HEAT ASSISTED MAGNETIC RECORDING STATEMENT REGARDING
FEDERALLY SPONSORED RESEAREH OR DEVELOPMENT [0001]This
invention was made with United States Government support under
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invention relates to data storage media, and more particularly to such media
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media for use in heat assisted magnetic storage systems.
BACKGROUND OF THE INVENTION

[0003] Heat assisted magnetic recording (HAMR) utilizes thermal energy to

lower the energy barrier for magnetization reversal of magnetic grains in a magnetic
storage media. To realize thermally assisted reversal of the direction of magnetization of
the grains, the writing temperature should be very close to the Curie temperature (T) of
the materials used in the storage media. Moreover, T, should be lower than the boiling
temperature (e.g., 650 K) of a lubricant that coats the top of the media.

[0004]  There is a strong relationship between T, and magnetic anisotropy (K,) of
magnetic materials. Generally speaking, high K, materials have higher T.’s. For
example, in a single crystalline film of magnetic material such as FeNiPt, when T; is
reduced, the K, is also reduced significantly. Such physical realities make it difficult to
use HAMR efficiently to increase areal density of magnetic recording.

[0005] Data bits stored on a storage media are represented by the direction of
magnetization of a plurality of grains of magnetic material in the storage media. The
direction of magnetization of the grains is set by a magnetic field produced by a recording
head in a writing operation. Even when the media is heated to the Curie temperature
during writing, the Zeeman energy provided by the interaction of a magnetic field from a
recording head and media grain magnetization is very small because the magnetization of
the media grains is close to zero. As a result, media grains do not experience a strong
difference between the desired writing direction of the magnetization and the opposite



magnetic materials. Generally speaking, high Ku materials have higher L's.

For example, in a single crystalline film_of magnetic material such as FeNiPt,
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[0009] The apparatus can further include an exchange coupling control layer
positioned between the first and second layers. The exchange coupling control layer can
have a thickness between about 0 nm and about 5 nm.

[0010]  Magnetic grains in the first layer can have diameters of between about
1 nm and about 10 nm, and magnetic grains in the second layer can have diameters of
between about 1 nm and about 1000 nm. The first layer can have a thickness between
about 2 nm and about 30 nm, and the second layer can have a thickness between about 0.5

nm and about 30 nm.



[0009]The apparatus can further include an exchange coupling control layer
positioned between the first and second layers. The exchange coupling
control layer can have a thickness between about 0 nm and about 5 nm.
[0010]Magnetic grains in the first layer can have diameters of between about
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Curie temperatures.

[0014]  The apparatus can further include an exchange coupling control layer
positioned between the first layer and the third layer. The exchange coupling control layer
can have a thickness between about 0 nm and about 5 nm.

[0015] In another aspect, the invention provides an apparatus including first and
second layers of magnetic materials positioned on opposite sides of a third layer of
magnetic material, wherein the first and second layers have Curie temperatures lower than
the Curie temperature of the third layer, and wherein magnetic grains of the third layer are
unstable when the first and second layers of magnetic material are heated above their
Curie temperatures.

[0016] The apparatus can further include an exchange coupling control layer
positioned between the first layer and the third layer. The exchange coupling control layer
can have a thickness between about 0 nm and about 5 nm.

[0017] Inanother aspect, the invention provides an apparatus including a plurality
of bilayer structures positioned adjacent to each other, each of the bilayer structures
including a first layer of magnetic material having a first Curie temperature and a second
layer of magnetic material positioned adjacent to the first layer, wherein the second layer
has a second Curie temperature that is lower than the first Curie temperature, and the
magnetic grains in the first layer have diameters of between about 1 nm and about 10 nm,



positioned between the first layer and the third layer. The exchange coupling

control layer can have a thickness between about 0 nm and about 5 nm.
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magnetic recording film in accordance with an aspect of the invention.

[0022]  FIG. 4 is a side view of a layer in the storage media of FIG. 3.

[0023] FIG. 5 is a schematic diagram that illustrates switching in a magnetic
recording film in accordance with an aspect of the invention.

[0024]  FIG. 6 is a graph of coercivity versus thickness.

[0025]  FIGs. 7-13 are hysteresis curves that illustrate the magnetic properties of
various storage media.

[0026] FIG. 14 is a graph of K V/kgT versus a number of bilayers in a storage
media.

[0027]  FIG. 15is a graph of H, versus a number of bilayers in a storage media.

DETAILED DESCRIPTION OF THE INVENTION

[0028] FIG. 1is a pictorial representation of a data storage device in the form of a

disc drive 10 that can utilize a storage media constructed in accordance with an aspect of
the invention. The disc drive 10 includes a housing 12 (with the upper portion removed



[0019]FIG. 1 is a pictorial representation of a data storage device in the form
of a disc drive storage system that can_include data storage media having a
magnetic recording film in accordance With an aspect of the invention.

[0020]FIG. 2 is a schematic illustration of a heat assisted magnetic recording
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the recording head 22 over a desired sector or track 27 of the disc 16. The actuator motor
28 is regulated by a controller, which is not shown in this view and is well-known in the
art.

[0029]  For heat assisted magnetic recording (HAMR), electromagnetic radiation,
for example, visible, infrared or ultraviolet light is directed onto a surface of the data
storage media to raise the temperature of a localized area of the media to facilitate
switching of the magnetization of the area. Recent designs of HAMR recording heads
include a thin film waveguide on a slider to guide light to the storage media for localized
heating of the storage media. To launch light into the waveguide, a grating coupler can be
used.

[0030] While FIG. 1 shows a disc drive, the invention can be applied to other
storage devices that include a transducer and a storage media, wherein the storage media
is heated to facilitate switching of bits in the storage media. Other such storage devices
can include, for example, probe type data storage devices.

[0031] FIG. 2 is a schematic side view of a HAMR recording head 22 and a
magnetic storage media 16. Although this example shows a perpendicular magnetic
recording head and a perpendicular magnetic storage media, it will be appreciated that the
invention may also be used in conjunction with other types of recording heads and/or
storage media where it may be desirable to employ heat assisted recording.

[0032] In the example of FIG. 2, the head 22 includes a writer section comprising
a main write pole 30 and a return or opposing pole 32 that are magnetically coupled by a
yoke or pedestal 35. It will be appreciated that the head 22 may be constructed with a
write pole 30 only and no return pole 32 or yoke 35. A magnetization coil 33 surrounds
the yoke or pedestal 35 for energizing the head 22. The HAMR head 22 may also include
a read portion, not shown, which may be any conventional type read head as is generally



media. [0027]FIG. 15 is a graph of H. versus a number of bilayers in a
storage media. DETAILED DESCRIPTION OF THE INVENTION [0028]FIG.
1 is a pictorial representation of a data’storage device in the form of a disc
drive 10 that can utilize a storage media constructed in accordance with an
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An actuator motor 28 is located at the arm's second end 24 for pivoting the
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for localized heating of the storage media, To launch light into the waveguide,
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wairegjuidie, 30rrexaimp &seprobertypentdia slolage sawices2 may work in combination
with an optical fiber and external optics for collimating the light beam 54 from the optical
fiber toward a diffraction grating on the waveguide. Alternatively, a laser may be
mounted on the waveguide 50 and the light beam 54 may be directly coupled into the
waveguide 50 without the need for external optical configurations. Once the light beam
54 is coupled into the waveguide 50, the light propagates through the waveguide 50
toward a truncated end 56 of the waveguide 50 that is formed adjacent the air-bearing
surface (ABS) of the recording head 22. Light 58 exits the end of the waveguide and
heats a portion 60 of the media, as the media moves relative to the recording head as
shown by arrow 62.

[0035] FIG. 3 is a schematic representation of a storage media 70 constructed in
accordance with one aspect of the invention. This media is referred to as Laminated
Exchange Coupling Adhesion (LECA) media. The word “adhesion” indicates that the
layers are magnetically coupled together at room temperature, but at write temperature,
the intergranular and interlayer coupling is eliminated when one of the layers is heated
above its Curie temperature. The storage media 70 includes a composite thin film
magnetic recording layer 72 on an underlayer structure 74. In this example the underlayer



[0031]FIG. 2 is a schematic side view of a HANIR recording head 22 and a
magnetic storage media 16. Although this example shows a perpendicular
magnetic recording head and a perpe'n7d'|cular magnetic storage media, it will
be appreciated that the invention may also be used in conjunction with other
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- 7 - structure includes a substrate 76, a heat sink layer 78 that may serve as
a soft magnetic underlayer, and a seed layer 80 on the heat sink layer.
[0036]The substrate 76 may be made 8f’any suitable material such as
ceramic glass, amorphous glass, aluminum or NiP coated AIMg. The heat
sinbdayper 78 sansheye authisingssaed gy 3QOWidR M 1gyakoua M0 N Granular
and may be made of any suitable material such as Cu Ag, Al, Au, CtiZr,
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Size 0 equen oSited layers. or exam e seetl layer ma

bettneenfalmwtémmedd:abwtﬁ@m}lahsuctawm@vﬂmt amhl:@ﬂs ﬂﬁlmasmgramtmmeefare
layer 84, or a material such as Ru or Rh which controls grain size and
facilitates epitaxial growth of the subsequently deposited layers, or a
combination thereof. The seed layer may be made of one or more layers of
material such as CoCr, CoCrRu, Ru, Pt, Pd, Rh, Ta, TiC, indium tin oxide
(ITO), AN, ZnO or another metal oxide. The protective layer 82 may be made
of any suitable material such as diamond-like carbon.



[0042]In one aspect, the invention provides a composite HAMR storage
media with a thin film recording layer including layers of magnetic material
having different Curie temperatures and different intergranular exchange
coupling. The recording layer in the storage media includes at least two

in-pifes efifbiRedion gl gopFARBREGhEATRRNENET. thEgyiAs Natikobg MBRNGRNSS are
layers 84, 96 and 98 can be, for example, Co3Pt, CoXPt alloy, CoX/Pt

nol &S @ oxPd alloy, CoX/Pd multilayer, FePt, FeYPt alloy, or ThFeCo,
wijeoai] X canthe efeniiampia G B, Bad\ighakei®ighnt, Yisansis, fos exavpieave

Cu, Ni, Co, B, Ag, Au, Mn, etc. Since the Curie temperatures are material

higfeRRIRRIERRY (ARd SRaler AHals c BRE iR tha iy Ensiakle-RY dagqaselves al storage
tenfiPERREFBIS EOMENTpETare NRTYNAAHEILE TG aYRrSIg0S108Ae TEIWERgrains

about 1 nm and about 10 nm in layers 84, 96 and 98, and between about 1

Wit ROmRR DS L R HERD iANSOERPY HUL BB Sh (455 TRRRSa AN FXEhaagg cougling.
IntéigpéRn e disxensigas dhai| arplioxinratadhedinmeies ofdhdtiiginsnltiheusiaghetic
. grains are not truly circular. [0043]In the example of F]G. 3, the high Ku, high
IEHCURJCE 52 ST GHROE KTEHPR o By R R ST AYPA A Bt n a
plaifesmpdyterstaiadpyttibanase uesiaiesioraprd enenasghais dUpIdIs a very short
temperature (RI[B%; while low Tu Ia&ers 90, 100 i@ﬁf . 02 have[ﬁrains w
|

ith
rangs BITAGHE (or Bin ANEHPSH R EBR P LSl T eRJPRATHE? e%ﬁh‘ﬁg‘éyer’s
mi?@@ﬂﬁﬂ@rﬁﬁﬁd@!@d@ﬂﬁaﬂy@h@@%ﬁfb@mmfbs.the magnetic ene:gy resulti?g
r magnetic interaction of the granular netic material. In each layer
O e BT B e R Can i W e s 0,
108 e 1hE) émmtbng@mMmﬂeratuw)?mﬁwﬁmar@mmtempéi@m rﬁl@nidéu@aramhe mon-
energy |s determin roperties o er's_microstructure an
e R o S ML S BENUED L SBAIRE FiO A I Lo T fayers
is Srhakderess (bedhdngx@mpleatansreha0,at Goene 18Aperereateddwever, at storage
temperat ve the je t erature and become nonmagnetic, Hence
R e DDA A, AR SR (RSP s drrcased
intemaihel atoetardogdapipgrativesthaaing sfolagkidarmpeagtus ethrbleetiernoat T,

I storage temperatures the thermal stability of the multilayer media is
WY&Mhanced due to increased intergranular exchange coupling between grains
of ib&tB]gh Tihdayégls, Throhigh tKe Igraidy tayebs. EAEIB]lER, hiommy, with &Kuvell-
rains can be small (e.g., .5 nm) with ell- decoupled grgnular . . .
ce gy R P SRy o BT i gt
lay86, 900180chAD 2Py et ¢hio Vol UTnaigpedticl dayemns that cam ke eppitaiatygrown on
rown on t f the high Tu layers; they also al the next high Tu layer
o0 YR ol Y e B R S A e o Y ElB-
hijoe4d]'s. ThenstatipgspatiogsHimbekyematdiuadandhanegngtieramisatrople(ktrpng
reigidRaAACHEmatErials 5 plse pserved in G/ muliaver sytemsy HIR highiso
ulayers Can therefofe be constucied of mMultiayerd sUcH as %g)ﬁtt.
objea4d] Fl Go/Pisnauttidiey sresystenas miitidayigh Strdeyere dB0theetfoenbeecassidufded of
layers gf th ia of FIG. 3. The multilayer structure 130 includes a
m“ﬁﬁ"’r‘é{ﬁfs e aS%gz% , Which can be, for example, Co/Pt layers. Magnetic

y otﬁayers
gri004 7134 iRlBedayersdewisepaf atetl Hilayercstidet @61 30 Bareamhetilsacefor the

S he Tu of o(Pt. multilayer st re, 130 h d
lay };/sé):f?tﬁ% anrge %e?érﬁﬁ%t%eﬁ% @éﬁéﬁ?&t%@é ﬁ%ﬁ'n%luges %6\5\ Lﬂ'glﬁy%'}quers
132, which can be, for example, Co/Pt layers. Magnetic grains 134 in the layers are
separated by an oxide 136. In Co/Pt multilayer systems, the T, and K, of the Co/Pt

multilayer structure 130 can be changed by varying relative thickness of Co and Pt layers.



- 10 - [0048]The individual high Tc and high Ku grains are thermally unstable
at the recording temperature and within the time scale of the writing. At lower
temperatures these thermally unstab]el%Fains are coupled with each other
laterally and vertically through the adjacent low Tc layer. At recording

teqopagaturesnd- gadiidéalhthe Pvad@nion K yrbsneraiastienally unstable at the
superparamagnetic since the exchange adhesion layers (i.e., the low Tc

recpying) IS ENSHAL 5 Aah XY U e HiRaxisals 1k LB NEHNGritAY TR seamgRiatures
thekeahErmalyp amicabiduspsinn fiedd uprectaiagempdahshadiemonn vertically

h ma?;etizat_ion of the magnetic %rains subjected to the write field will align with
rHYS

BB AGRRE 10 e 12YBi040T FRORE K SARIPRIABERS the-highire W ¥ pcthe

higRYEr§raai eRcluberpaanitgetant Yrog e dXcrmloaxRisiSVRly&o(Fe., the low T,
multilayers are suitable for HAMF@@tora%e media, because the Ku of the hig

. h
layges hRAGRYR PR YBAIRE!CL 07 BRG/ NS TRE- RIS k VA IS, HRIE &3 JAtgey: tarLthe
dy G K sHttigibig Tikld rofilthaysto giganrasgials b ogir & tion withnadghitkaass off the

about 2-3 nm, the grains would be thermally unstable at a HAMR writing
e RIS SHRIH LBt A AL 150 SR R E R
adeaagige ahthiaemedimpresigots that Wighvitingn@peraturey@imush leaet be
than the high T, Consequently the netic saturation (Ms) of the high Tc
CORRUF IR U A LAY oPHChchEl: SUITHE . 1% PR En PAMR
stoeaiRrgyedinsigsibicantlyehighef tnanhigbuim, beuttitagasesfabuuitingl of shg dCusieT, =
eratyre, where n js jus e zero. [0D51]FIG. 5 is a schematic diagram
10 R R SRR e o7 2ot b B & SEBLTB  dh Am.
witaspaniokhtie vfvelniamne-3enm]4ergpiiesentsiil it itharmagy elistsetordingHilvIR
142 having three h'l%h Tc layers §44, 146 and 148, and three low Tc layers
WIHHYg TR e AN AR P S WU RO 558 urality of magnetic grains
196050 tempsighificanit thelVdndganidifllshizelowdiae Gasitm teigpgeatuie ofathiting
low Tc layers, and all of the grains 156 have the same direction of .
e SO BN Ay RGBS e ARGy Sration (M) of
thenhdgindtizasionisfstiie \evy higayeradsefisct ifatagndtits ssaisehing (ierfitad Zeeman
direction. [0052]ltem 160 represents, a hit in the magnetic recording film 142
e LA D B o PR GE N GG o L T peergpre,
whirs Neryjesatieydlzerow Tc layers are paramagnetic and the grains of the
hl?&ogf]layeﬁ(fr% IS (l';lors] ematic diagram that illustrates switching in a magnetic
recording film in accordance with an aspect of the invention. ltem 140 represents a bit in
a magnetic recording film 142 having three high T, layers 144, 146 and 148, and three low
T layers 150, 152 and 154. The high T, layers include a plurality of magnetic grains 156.
The temperature of the film is initially below the Curie temperature of the low T, layers,
and all of the grains 156 have the same direction of magnetization as illustrated by the
arrows 158, and the direction of magnetization of the low T, layers is also fixed, in this
case in a vertical direction.
[0052] Item 160 represents a bit in the magnetic recording film 142, which has
been heated above the Curie temperature of the low T, layers. At this temperature, the

low T, layers are paramagnetic and the grains of the high T, layers are no longer



magnetically coupled through the low Tu layers. Thus the directions of
magnetization in the grains 156 are not uniform. [0053]lt is desirable that the
direction of magnetization of substan'ti%&ly every magnetic grain in a recorded
bit switches to a desired direction without freezing the magnetization of some
maghéfie IRAIESU S enneiaaI0 tHlir eshom, [tsRtsL6ZHePIRSEiecadS b thadhauaea in
recording film 142 when it is subjected to an external magnetic field 164,

the,rakms L BE A% HUTRER from a magnetic recording head. The
mapgusgjzationiofalitanisn daraadichlevampie nrigpstaatidiy ¢fl b @ taatRIRNsvery

156 aligns with the applied magnetic field. Then the film is allowed to cool,

MagREiH TG Hk Az BRRHISR M (VUi RS & BHECGHamaM B yE araing the

matiedzatitie oTeluraireeting ges idusttatediongitdieBtion. [MRpdBIGebrisenlramit in
of coercivity Hu versys thickness aof high Tu, high Ku Co/Pt multilayer films.
they BRI FEP Mg TEREAZ S8R bl LSRR R AL REA TREIR i g

whigicatesethevprsifidaiesant swateRING rdod ifrgy avag IPhamidebtigitRe@LaN(or
about 6 nm in diamg#er. Th«T dialismeter of the grrains can be estimate

I 3 BTSN e AREky P ERPLHORRE) G Jhs Orakt L Sp IRl GBOSETUSHE éet‘?rp‘ggnﬂic

fieRIruUTHeie thk Fikrsislaliod<bas adeishatiustuitayvieeitainoiefayetsr atbstantially all)
onstructed as Co/Pt multilayers, when the thickness of the granular high Ku,
Jie e e o el R B B

of g AP IEMAISR &P RIAE SEW FURT Ay RS U USHATS m, the
SHECSMIOKE 16U 6fithe filayshdsicteanssitranatieally micraed iotiivighiat giigh K,

th Il table. 056] The hyst is | fthe 11,8
TR B o T RS BEBIEL o T O o
incieénmdimmrﬂﬁeafueﬁ ﬂiwga%ieoc@r%b@ﬁlﬂrggi&g%@ﬁs)ﬁehsa{)aw ﬂ23mmﬂ\ﬁi_|ghﬁilfor a
Onm\Ru +_Zr02 15nm o/POx16 + vo]% \ carbon overcopat.
coN AR Ty AT Sl T AT D RS S0 B S ThRteR Cayedpout &
nminksdayer dhpdripasddgpastessplesalfor smaller grains. A multilayer with 16
i.e., .16 bil dj h ot di dig wijth
B A T S SRS A e
areceun$teuoieicainGorRedialtilidhens2\WhemthieckivkessaofsihewraiuBiGhigh K, high T,
57]FIGs. 9-12 t i that illustrate th neti ti
e e R G

filivi@Edrelasap dvitmatitbihe kg sagh dncdovidudiagraamnck toense bt limal butvstib e true

By e e B b1 & B e s Moe ZMTIASERIELAE dow i

FI@sickraedsdofedjestively FI (5. ¢hsleonmbe dirediOKE fufkstrecisrtooptheffdrssnigle Glass
igh /P ' hi : . b

sl e TR o e EBTRRELE edterfs Pe5Ebon

ovdrtodt1 Mhis T kD RuShdageks. deetbemd lmlestionhiéaRil ¥ Zieds lageraista BWTENayer

- value of 7.2 kOe for the sample assuming that n js 600.emu/cc. Thereforg .
i R S R T N L8 B e

16 thida ytérs Huijacentsaneptd &ty nes diepesgrhram apudtiovihraohlt8 mpetiitloeess, as
shoiif i Iste Raale el %@Fw”ﬁ 4 Tened s”%aﬁ.*p%'&oé% R RERCR e Yo nm
remanence. Neither does It have a high coercivity.
thickness, as shown in FIG. 8.
[0057] FIGs. 9-12 are hysteresis curves that illustrate the magnetic properties of
various storage media. In FIGs. 7-13, the curve with open symbols is the MOKE loop
without background correction, and the solid line curve is the true MOKE loop after linear

background correction.



[0059]Hysteresis curves for four different configurations of LECA media
having the structure of FIG. 3 are shown in FIGs. 9-12. The high K. multilayer
is fixed at 2.9 nm where an individual I]gy'er of such multilayer would be
superparamagnetic. FIG. 9 shows the MOKE hysteresis loop of LECA media

Wi[bmpxcimger |§N@Fv§hiﬁlﬁﬁm Pstimsis! foopd §h@V\é$r@‘|€ Meitlar high K,
Com/stere&s loop of a LECA media with an exchange Iaﬁr thickness of 2.3 nm.

Bayer SAYNE tBIRKBRE Hystet e BEp SrehQechendais i iarraikdAgRyer 2

sintp¥efr8hialR@sghok | Gonpi sfrifetute Isdvanes 4RI R RISEINBIERRSIS IO BB aeen that
LECA media with an exchange layer thickness of 0.8 nm. [OOGOJ_IE_]G. 13
sl KOe,

theiais thdhadlke MR TEH oI higFauRledhil A8V Le 94
wheHEKNas s huglRdionislayerin ideddabd nedia,0dess 9:2 kOafonthosimple

an exchange coupling layer. [0061]In the examples shown in FIGs. 9-13, the

assRAEBAt e RILARHGES cOlsRigradhersidnveclide axehangs epriing egween
theBFaiRsAIOME E4R e SlRmanSHReNACaRMIoB MR BIiBaidMADRCHE & Xoom

media. As it can be seen in FIGs. 7-13, the exchange layer gets thinner, the

TerppEEHe WiEHMBR LR mali M ARG RARY BN ho B KR Beeskieshele full
rerfRREARRIIYNERRER JOAGR HavRRURSh wedkderpupled, high T. layers can be

fabricated for use in data storage media. In one example of a multilayer. )
stlQBRAL, thiEXpaREITa s &Rt M BRI CRIESHE MO LB DriBekRiBAVINg
thel SP6L IR e RxaBIeshuRRNIA BIgl Tolayee isighnk) Highildyis Hesmaly 2.9 nm

unstable. However, when three la of the 3 nm thick high T. are laminated

lYEers
WhrerpthEvicHal do%es o ﬁqé%mﬁlﬁﬁ{é’%dﬁ%ﬂ%\%%@ﬂ@@?ﬂg@ﬁ%ﬁe Gy 9 shows
theth@OREIVN PSS 1dop -dPLEAIRI fmedih SigVantRREMRIGRI ML ARGAEIS WY /BB Thm.

Fl(g.f t1hOesrhi(g)stT'?hlea eE)\I/<eErSH$steresis loop of a LECA media with an exchange layer
thickness of 2.3 nm. FIG. 11 shows the MOKE hysteresis loop of a LECA media with an
exchange layer thickness of 1.6 nm. FIG. 12 shows the MOKE hysteresis loop of a LECA
media with an exchange layer thickness of 0.8 nm.

[0060] FIG. 13 shows the MOKE hysteresis loop of a high T, multilayer that has
the same thickness of high T, multilayer in the LECA media in FIGs. 9-12, but without an
exchange coupling layer.

[0061] In the examples shown in FIGs. 9-13, the thickness of the exchange
coupling adhesion layer is reduced from about 3 nm to about 0 nm to demonstrate the
exchange coupling effect in the LECA media. As it can be seen in FIGs. 7-13, the
exchange layer gets thinner, the H, of the media becomes smaller, indicating the whole
media becomes less thermally stable.

[0062]  Granular, well-decoupled, high T, layers can be fabricated for use in data
storage media. In one example of a multilayer structure, the grains can be epitaxially
grown judging in the (111) orientation.

[0063] In one example, when the high T, layer is 3 nm thick, it is thermally
unstable. However, when three layers of the 3 nm thick high T, are laminated with the

low T layers in the configuration shown in FIG. 3, they are very thermally stable.



a number of Co/Pt bilayers. With 4 bilayers corresponding to a 2.9 nm
thickness, and 16 bilayers corresponding to a 11.8 nm thickness, at N=4,
KuV/KT(300K) - 20, which would meartihat the thermal stability factor will
become less than 10 when it is heated above 600 K. This will allow switching

of [tssaTain RIG SMMoFRGHeM{S StabilftyFabtaP kol TReTR0ISAY AN fRlthgbiiersus
high Tc l%%rg assuming a switching frequency f. of 30 GHz and write speed

a NYMPRISOTEeEBIMURYEE SIYUIR R aKRr HEPERROBEAE IR 4O QA biekeges, and 16
bilayReNchIeeauERERIG (M) 0f 1ePeatad drikRyeratiRes I AR B 0oR) NgdOWhidnswould

means the low Ku/kT ratio takes effect in a short time scale even at room

mead e 6 el G AR IRL Ul G aoumeiress R ahE b dpsgted above
60ARhesing Wiff efovmediatihgwithit grgirianiadmén. Gradliegnetc cusien)/s@eointhe

the ac-erased state varies with the char%%e of media composition (i.e,, low Tc

anigaiore TRl Site) haicts i8¥iTe 4SS HIINGh AW W R OUeaGY Jhrfy. 30 GHz and

wrife0pébd/shoukan oxide in the multilayers, the film becomes very strongly
exchange coupled. Qualitatjvely speaking, the high Tc multilayer with the
o AR T et e Al e Uy AL Ao qnen the
nuhasge (ISYViE hepgatutitsildyat i ks shatching.eluster BizeTord-meahdshessha/kT
that of the low Tc oxide media. This is the case at room

( |
ot ERES SRS T LU RO EE SOUR LRt o ince the

CO([;@]OM] Ior\]AM rswnBﬁh@e&lﬂBrbﬁahhﬁmadoa@wjﬁafr@[mbﬁn@@meaamaﬁwbzmedia

reducing the intergranular exchange coupling. [0068]In one aspect, the .
ShaH, a8 e FRALS 6. B RAB NSRS ] 6 AR SR AP Qpth the
changg betietiatiabsyigiendi. b, ClvbE, Svitfie Te ity ddd)| Rvaica ishiieabdtthe change

ffr'@ndl temﬁﬁrature, which is lower than the Tc of the magnetic material.
© 85])/?3\39}{ P%dvantage of the design is that the high Ku grains possess a

fafitpéiigh magmetic eromeidt ainthidemyletayers, ahevriiing. bscmi@swiing strongly
o R e r e A s o
smelesnpididhiagnvetsiandoieyidesTa wiohape oreibiadsauingrawitshility efits. That is,
SR R e e g AN 280 e
Thigtiig¢herease at room temperature, not necessarily the case at writing temperature since
the coupled low T, media will be heated above T, and hence is non-magnetic, reducing
the intergranular exchange coupling.

[0068]  In one aspect, the invention provides a HAMR media, which fully utilizes
the K, potential of a magnetic material system. It can be switched by HAMR at a
lubricant friendly temperature, which is lower than the T, of the magnetic material.

[0069]  Another advantage of the design is that the high K, grains possess a fairly
high magnetic moment at the temperature of writing. As a result, a magnetic writer can
exert a much stronger force to switch the grains when compared with T, writing where the
moment is close to zero.

[0070] In one example, the invention provides a storage media having a plurality
of bilayers, each including a first magnetic layer having a high T, and a high K,
positioned adjacent to a second magnetic layer having a low T.. Such a structure is



- 14 - sensitive to thermal magnetic writing below the Tc of high Ku grains in
the first layer. Prior to heating the media, the direction of magnetization of the
magnetic grains in the first layer is stabfe because the magnetic grains in the
first layer are magnetically coupled to each other through the second layer.

senédfhies {herpesRnehiRyRtis Weikieg Blewetis CUOe hegRPelairmstive srcARd layer.

layer changes to a paramagnetic state. This reduces the exchan(i]_e coupling

Prigedpdieatyiailts inedianign RIECHRT ShaasnsHGHARLhARBMAgnetic grains in the
firSURRIPRS MRS HRUSuSC IS PRRRHY. FRi AP Rlietk MRUNEJS HRIGTRRIREsIheoupled

direction of magnetization of the su&erparamagnetlc high, Ku grains. [0071]In

10 SR LB PR S (PR SR el Besteh chiay o e

tentiprdenrersrefpignd fyRiothkiysatesipls Pesdieniediar OPRRSItside thefekchange
layer of low Tc materials. For example, in FIG. 4, high Tc, high Ku layers 84

Coup{R B HIbSHRIIH B (5o St BYERANGF AQSE QF S SEfRINS CURSHRAafRagnetic.

Colf3eq@dhianathesArrealaghetio VvesTHoR R 6% alffatt GiovRgRagIRGiZation of the
includin a(laa?,ﬁ/j]r,of high Tc, high Ku materials positioned between two layers
SURSY R TRIREHE UGE KsoP@linple, in FIG. 4, high Tc, high Ku layer 96 is

pqsg'](dm]ed h@tmﬁbba@rﬁ&t?%ndvbaﬂ@f ﬂwww?ﬂ@srraaihgréﬁdﬁ)ﬁé@@?ﬁwheim?&wmg at
of this jnvention utjlizes the temperature effects on the high Ku materials to
leaSh BPRNRD 5 O el on TR i @R QP BRORL el @ laver of
lovTRtesabriarotRer exhraplade Pfaha, dagiom jsibaheapeahdd gt aeqsstssned
a fairly high mggnetic moment at the temperature of writing. As a result, the
on ﬁﬁé%%ﬁﬁﬁfgéé%&%ﬁ %ﬁ@ﬂ’ﬁc%tﬁﬂ force to switch the grains
cojopapd wWithanditingaspectemparaéntneaoite Cltistdsropri@imediavherading a
the momept is. close to zerq. [0074]In one aspect, the a tus_of this .
ey HIGH LS T AR S RHUEES QM PR LA Sl For
exan@leeiti Iy, exchgnge, dégloup|éo/érods Biipesildyess. bEteem &1y#en90 and 100 of
I eﬁlcompas%:?es bilayer structures and other multilayer structures, including
Vi é%? &Hitfétures including a layer of low Tc material between two layers of

higboT8]matEhielmedia Biyioinkighidic utititeyahbetwperatwe déigets af thehigh K,
' ally assisted swi

material. By using. all‘m netic unjts, the the cﬂi?:lg .
eBiTe Lo RS R R (R e PR B R Fecrl Tion K
materigheranothés gcdantagechfetio tlheigmialtbaisivddhghgkipdranes aossesed fairly high
m usi verticaIE/ {jﬁeq\c(;otu%edrlgjmin tiorrif at e&vateed ﬁhnti?eraturr]ef. - ;'lgr exert

NETHE ifVeRtiBs AaL bEN HErinsd i e s of SV EEM SIS
a much stronger force to switch the grains compared with writing at a temperature near the
Curie temperature, where the moment is close to zero.

[0074] In one aspect, the apparatus of this invention uses thermally activated
switching of small magnetic units, which are vertically exchange decoupled from other
layers. The invention encompasses bilayer structures and other multilayer structures,
including trilayer structures including a layer of low T. material between two layers of
high T, material, or a layer of high T, material between two layers of low T, material. By
using small magnetic units, the thermally assisted switching effect is enhanced. When
used in a data storage medium, the recording temperature is reduced due to the smaller
switching volume achieved by using vertically decoupled laminations at elevated

temperatures.



will be apparent to those skilled in the art that various changes can be made
to the described examples without departing from the scope of the invention
as set forth in the claims. -16- What i tfaimed is: 1. An apparatus
comprising: a plurality of bilayer structures positioned adjacent to

eq@oz&?er. Raale ahthmblayet iy shieideelisdnaratbinislaraieobimeaniisles, it
rna

material having a first Curie temperature and a first magnetic anisotropy, and

wilh acrreisiefbiimmatsktiiemiRe s AbsHiBhda Ry ERNEsTHEARSpI4YdHe to the
desthiBegiaxhiafeswvithiialehagiac aepnehe desptepTRABAmEntG i Iowestinam the
the first Curie temperature and a second magnetic anisotropy that is lower
Claji%n the first magnetic anisotropy, and magnetic grains of the first layer
become superparamagnetic when the bilayer structures are heated to a
temperature above the second Curie temperature and below the first Curie
temperature. 2. The apparatus of claim 1, further comprising: an exchange
coupling control layer positioned between the first and second layers.
3. The apparatus of claim 2, wherein the exchange coupling control layer has
a thickness in a range from O rim to about 5 rim 4. The apparatus of
claim 1, wherein: the magnetic grains in the first layer have
diameters of in a range from about 1 rim to about 10 nm, and magnetic grains
in the second layer have diameters of in a range from about 1 rim to about
1000 rim S.The apparatus of claim 1, wherein:



the first layer has a thickness in a range from about 2 rim to about 30 rim,
and the second layer has a thickness jn a range from about 0 5 rim to about
30 rim. 6. The apparatus of claim 1, wherein: the first layer of magnetic
material in each of the bilayers comprises a multilayer structure. 7. The

Whatapphiatad of claim 1, wherein: the first layer in each of the bilayers
includes a first pjyrali a%gg 'Qﬁl 1t1 nagnetic material having a first
intergranular excéﬁgn%% coupaﬁng;gang e the second layer in each of

the bilayers incl@dd¥ralS¥eilanmaRtefgeaingsiionsd neircmM forieatiather, each

of th&@ BREMEINIHRAAIBH UIRIRXHIAR AR SOURIR Jo IVRRERBHO SRREQAIHAIGHY ANBIRE Curie

exchan ecou%isrétg is larger than the first intergranular, e charégg couplin%. - 1

tempepgture and @ Hrsl MARRSHRS BRSRHOPY: RS- &nSTr RALHITh hilpenetih gnateria

positimegn etifageainsoftiee fitst |dyesraresenaliertirasevaghdiygrains of thecond Curie
2l an fir on rs are exchange i

remp SRV BRSNS B S AR R R R UG 8R0ropy

that igilewes Hram Eheddrsidaegnplin gneieopy bund swmeratig ssamg afithe first laypg become
superpitarARAMAUT LA bR YhasieiR thie daeonliBg MARERPEPINRESRS A the second

Cuﬁe()téilqgérature a.x}c:lL bllgtsva}cgg %r%%uéu?’}cectlgrirrgelrhwgher comprising:
2. The apparatus of claim 1, further comprising:
an exchange coupling control layer positioned between the first and
second layers.
3. The apparatus of claim 2, wherein the exchange coupling control layer
has a thickness in a range from O nm to about 5 nm.
4. The apparatus of claim 1, wherein:
the magnetic grains in the first layer have diameters of in a range from
about 1 nm to about 10 nm, and magnetic grains in the second layer have diameters of in a
range from about 1 nm to about 1000 nm.
5. The apparatus of claim 1, wherein:
the first layer has a thickness in a range from about 2 nm to about 30
nm, and the second layer has a thickness in a range from about 0.5 nm to about 30 nm.
6. The apparatus of claim 1, wherein:
the first layer of magnetic material in each of the bilayers comprises a
multilayer structure.
7. The apparatus of claim 1, wherein:
the first layer in each of the bilayers includes a first plurality of grains
of magnetic material having a first intergranular exchange coupling; and
the second layer in each of the bilayers includes a second plurality of
grains of magnetic material having a second intergranular exchange coupling, wherein the
second intergranular exchange coupling is larger than the first intergranular exchange

coupling.




a substrate; and a seed layer deposited on the substrate, wherein

the first layer of one of the bilayers is positioned directly adjacent the seed

layer. 12. The apparatus of claim 1, wherein: the first layer

includes one or more of Co3Pt, a CoXPt alloy, a CoX/Pt multilayer, a CoXPd

alloy, a GbX/Pd Tirgltnaatiest chaink d Y Phettdy incFgdrebe\bHayens, the magnetic
graind WMAE R R 9EMIRLE R HEr Bral 'ﬁ%@@e RUWRATRID SEIBRIISR PRI first and

more of Cu, Ni, Co, B, Ag, Au and Mn. 13. An apparatus comprising:
Seconﬁrlﬁ%ﬁﬂ%@@éﬁh%&%@‘ﬁ?%ﬁﬁ&ﬁﬁﬁ%ﬂ&%ls positioned on opposite sides of

a third lager of nragngijcraatesiediyner eiwhireifirat eah sFenoBilayers, ey Grst layer

el (fur('#e temPeratur{as.hi%her than the Curie temperature of the third layer and
MCUGRE T e &Y Tayee‘?‘sv?l%{lvglﬁ%aﬁ%ﬁéaé%srsotropies higher than the third

layer, and@vherdihemapgastiusgedinkioh tPevihsteindlse dendujalyegsrhacomlecomprises
siperparamagnetic when the first, second and third layers of magnetic

material are heated to a temperature above the Curie temperature of the third
layer and!belowthe WwpaEtehHaitd ofiriRer <EREdB8oNd layers.

14. The apparatygsalaien ahd, further comprising: an exchange coupling

control layer positioned between the first layer and the. third layer 15

The apparatus df ST (TRETAIRIAE LR AANGR o UARE BANE Db JRIeRad one of
the bitajlickingssiticacdrigedthnadj aventohetxead Jayan. 16. The apparatus of

claim 13,1\y.he'reiﬂie a paratustQFc ﬁgqe,:%g[,gm;s in the first and second
layers have diameters’in a range from about 1 nm to about 10 mu, and

magnetic grainsth¢ fisthaeTapehess o wronaers pf £ raRgeaftontBbatiey: arkoX/Pt
multil@y@ﬁ@t%@@‘hrﬂﬂoy, a CoX/Pd multilayer, FePt, an FeYPt alloy, or TbFeCo, wherein

X includes one or more of Cr, B, Ni and Ta, and wherein Y includes one or more of Cu, Ni,
Co, B, Ag, Au and Mn.

an ox

13. An apparatus comprising:
first and second layers of magnetic materials positioned on opposite
sides of a third layer of magnetic material, wherein the first and second layers have Curie
temperatures higher than the Curie temperature of the third layer and the first and second
layers have magnetic anisotropies higher than the third layer, and wherein magnetic grains of
the first and second layers become superparamagnetic when the first, second and third layers
of magnetic material are heated to a temperature above the Curie temperature of the third
layer and below the Curie temperature of the first and second layers.
14. The apparatus of claim 13, further comprising:
an exchange coupling control layer positioned between the first layer
and the third layer.
15. The apparatus of claim 14, wherein the exchange coupling control
layer has a thickness in a range from 0 nm to about 5 nm.
16. The apparatus of claim 13, wherein:
the magnetic grains in the first and second layers have diameters in a
range from about 1 nm to about 10 nm, and magnetic grains in the third layer have diameters

in a range from about 1 nm to about 1000 nm.




- 18- 17. An apparatus comprising: first and second layers of

magnetic materials positioned on oppg ite sides of a third layer of magnetic

material, wherein the first and second layers have Curie temperatures lower

than the Curie temperature of the third layer and the first and second layers

have matnhetic amispipapias owesribag:the third layer, and wherein magnetic

grains of the thigd layer. become .superparamagnetic when.the fitst, second .

i yers ST RO HELoE AR TS BeBoRERY opposite

sides of pchuchporen b oagtetidimatanihborbenginyibes it swlwgagrddayres have Curie
tempet@FIRE ABWErOhlE MUrdl¥ehedfh o F A6 RANAIRLUMRHCIN abd UHEGIrst and second

comprising: an exchange coupling control layer positioned between the first
layers, Aoxr mreRcE tipdspRepics lower BapheWed pyeropRivharsin mag i grains of
the thizddagageccotnieling efpiirahigpatiasiminiekiess secdvndrge fttrd thyienstof magnetic
about 5 rim. 20. An apparatus rising: a plurality of
matenm aa)fgr%set?u%%utroeg pt)%s |%rr?te]’3pe§§})zfgeent oeea%ﬂeo?ﬁrélﬁ Cac egf?fget e”ég%f?and second
layersginddvglew ithel ding tefivperatyes of theiiedidayeaterial having a first Curie

temperafjye angy.sepandlaver.plimagnalitmalsHalagstioned adjacent to

the first layer, wherein the second layer has a second Curie temperature that

is lower than th@ifS{ bR EABERE FRNEA IEr RGeS RERR SR iRCrRgst 1ayer
and thi@ygcdapeliameters in a range from about 1 nm to about 10 rim, and

magnetiq grainsdn.he Seeand (ML R IAREISTS (e L2008 LT BRHS Lontrol

layer has a thickness in a range from 0 nm to about 5 nm.

20. An apparatus comprising:

a plurality of bilayer structures positioned adjacent to each other, each
of the bilayer structures including a first layer of magnetic material having a first Curie
temperature and a second layer of magnetic material positioned adjacent to the first layer,
wherein the second layer has a second Curie temperature that is lower than the first Curie
temperature, and the magnetic grains in the first layer have diameters in a range from about 1
nm to about 10 nm, and magnetic grains in the second layer have diameters in a range from

about 1 nm to about 1000 nm.
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