-1- 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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Standards and fgghmodegy ST MRENENtRY RiatesREavement has
certain rights in the invention. FIELD OF THE INVENTION [0002] This

invention relates to data storage media, and more particularly to such media
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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



-2- direction. Thus, when the recorded bit is cooled, many grains may be

frozen into unwanted magnetization directions. [0006] One way to address

this issue is to use a data storage medfa having a FePt/FeRh bilayer

structure. When heated, the FeRh layer's magnetization can be
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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
magnetic grains of the first layer are unstable when the second layer of magnetic material
is heated above the second Curie temperature.

[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.



-3- [0011] The first layer of magnetic material in each of the bilayers can be a
multilayer structure. [0012] The first layer in each of the bilayers can include a
first plurality of grains of magnetic material having a first intergranular
exchange coupling, and the second layer in each of the bilayers can include
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matjretic 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,



magnetic grains in the first layer have diameters of between about 1 nm and

about 10 nm, -4- and magnetic grains in the second layer have diameters of

between about 1 nm and about 1000 Am. [0018] In another aspect, the

invention provides an apparatus including a plurality of bilayer structures
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of magnetic material positioned adjacent to the first layer, wherein the
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storage media including a magnetic recording film in accordance with an
B85 e CHOE R

heaég ¥t thSHUEARIBR %‘ﬁ] FIG. 4 is a side view of a layer in the storage
media of FIG. 3. [882BFF)ESE a RT$ON DRIHEaYRAW NG UStrates
switching in gnetic. recording film in accordance with an aspect of the
T, [COIARS ROHR B STUAMTE RS RIS S PG RACE fBaefor of
disE Pie stbPagessytsie thaicanivie ki thadatiusisaiget he divgmnatig piopegnties ricording
various sétﬁr?a}fge media. %(1)026 FIG. 14 is a graph of K" V/KBT versus a
|

ﬁlrﬂd%%ép )y&'r@ AR eth&gm%ﬂt[%ﬂ] FIG. 15 is a graph of H. versus
a [0oRoEr offptayeis in schtonage inestratidn of AlLHebt REsBERIMAgENIOfecording

THE INVENTIO %)O 8] FIG. 1 js a pictorial representation of a data storage
hea(?&ﬁ eamafﬁgc%ﬁq 8 §to]rage medlla.

[0021] FIG. 3 is a schematic sectional view of storage media including a

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



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 -5- and the lowar portion visible in this view) sized and
configured to contain the various components of the disc drive. The disc

andltive [HvinchéresnaasiId enmeior khiosiretaing hiegsieane eaaaRlithe various

storage media 16 within the housing. At least one arm 18 is contained within
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[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



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 por'tigﬁ, not shown, which may be any
conventional type read head as is generally -6- known in the art. The storage
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current in the coil 33 is used to control the direction of magnetjzation of bits
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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



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
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[0038] The composite thin film magnetic recording layer includes additional
layers 96 and 98 that can be similar to layer 84, and layers 100 and 102 that can be similar
to layer 90. In this example layer 96 is a granular layer having magnetic grains 104, that
are separated by a decoupling material 106, which can be an oxide, and layer 98 is a
granular layer having magnetic grains 108, that are separated by a decoupling material
110, which can be an oxide. Layer 100 can be a granular layer having magnetic grains
112, that are separated by a decoupling material 114, which can be an oxide, and layer 102
can be a granular layer having magnetic grains 116, that are separated by a decoupling
material 118, which can be an oxide. Layers 96 and 100 form a second bilayer structure,
and layers 98 and 102 form a third bilayer structure.



110, which can be an oxide. Layer 100 can be a granular layer having
magnetic grains 112, that are separated by a decoupling material 114, which
can be an oxide, and layer 102 can b a granular layer having magnetic
grains 116, that are separated by a decoupling material 118, which can be
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[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 different functional (i.e., magnetic) components.
The magnetic component of layers 84, 96 and 98 can be, for example, CosPt, CoXPt alloy,
CoX/Pt multilayer, CoXPd alloy, CoX/Pd multilayer, FePt, FeYPt alloy, or ThFeCo,
wherein X can be, for example, Cr, B, Ni, Ta, etc., and Y can be, for example, Cu, Ni, Co,
B, Ag, Au, Mn, etc. Since the Curie temperatures are material dependent, the layers can
be constructed to have different Curie temperatures by using different compositions.
Grain sizes can be between about 1 nm and about 10 nm in layers 84, 96 and 98, and
between about 1 nm and about 1000 nm in layers 90, 100 and 102. These grain sizes are



CoX/Pt multilayer, CoXPd alloy, CoX/Pd multilayer, FePt, FeYPt alloy, or
TbFeCo, wherein X can be, for example, Cr, B, Ni, Ta, etc., and Y can be,
for example, Cu, Ni, Co, B, Ag, An, Mﬁ,'etc. Since the Curie temperatures
are material dependent, the layers can be constructed to have different Curie
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about 1 nm and about 10 nm in layers 84, 96 and 98, and between about 1
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on top of the high T. layers; they also allow the next high T. layer to be

IaySFtcb'wn epitaxially. [0046] Generally speaking, high K. materials have higher

Ti0nBE strohg hglatidnshiphedyweranins. aad beagmeatic @usosompy)(Kuittofa well-
decrgt?ﬂggtgi;crarﬂl?ltaerrir%kscrigs rﬁ&ure. The substantially continuous layers (in this example,
layers 90, 100 and 102) are the low T, magnetic layers that can be epitaxially grown on
top of the high T, layers; they also allow the next high T, layer to be grown epitaxially.

[0046]  Generally speaking, high K, materials have higher T.’s. The strong
relationship between T, and magnetic anisotropy (K,) of magnetic materials is also
observed in Co/Pt multilayer systems. The high T, layers can therefore be constructed of
multilayers such as Co/Pt.

[0047]  FIG. 4 is a side view of a multilayer structure 130 that can be used for the
layers of the media of FIG. 3. The multilayer structure 130 includes a plurality of layers
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.



observed in Co/Pt multilayer systems. The high T. layers can therefore be
constructed of multilayers such as Co/Pt. [0047] FIG. 4 is a side view of a
multilayer structure 130 that can be used for the layers of the media of FIG.
3. The multilayer structure 130 includes a plurality of layers 132, which can

beotmregxammple.iffdlay aigh Maganetis giaiqsgtatdmibaHayfd@ighstable at the
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m?&geﬂc grei%s. q55|65 a schematic 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



The temperature of the film is initially below the Curie temperature of the low
T. layers, and all of the grains 156 haye the same direction of magnetization
as illustrated by the arrows 158, and fHe direction of magnetization of the low
T. layers is also fixed, in this case in a vertical direction. [0052] Item 160
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result 05 Usm the str ure of FIG g{and 4 as a test structyr
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nmabdéel @ramﬂanémgh tpabigbsires@ie/Pt multilayer is reduced from about 24
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ﬁlrﬁ@de&’emstmamueadga& dduh Trwmmalgfalmymsrmetheﬂddbyerstaﬁie Ru +

er&@ééj’” I‘?r%'%ystereg'r\éelroops of the 11.8 nm and 2.9 nm samples are shown in
FIGs. 7 and 8 respectively. In one embodiment, the full structure of the films is: Glass
substrate\Ta 3nm\RuCr 10nm\Ru + ZrO, 15nm\(Co/Pt)x16 + Nb,Os 20vol%\carbon
overcoat. The Ta and RuCr layers are seed layers. The Ru + ZrO, layer is a low T layer
interlayer that provides a template for smaller grains. A multilayer with 16 repeats (i.e.,
16 bilayers adjacent to each other) can be used in a media with an 11.8 nm thickness, as
shown in FIG. 7, and a multilayer with 4 repeats can be used in a media with a 2.9 nm
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.



interlayer that provides a template for smaller grains. A multilayer with 16
repeats (i.e., 16 bilayers adjacent to each other) can be used in a media with
an 11.8 nm thickness, as shown in Flg."?, and a multilayer with 4 repeats
can be used in a media with a 2.9 nm thickness, as shown in FIG. 8. [0057]
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various storage media. In FIGs. 7-13, the curve with O&f@ﬂ symbols is the
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remanence. Neither does it have a high coerci\%y. [0059] Hysteresis curves .
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individual layer of such multilayer would be superparamagnetic. FIG. 9 shows
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an exchange layer _thickness of 2.3 nm. FIG. 11 shows the MOKE hysteresis
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thigkas she. YK EFngsteresisue eReaiia KEGHstareslialggpoia exchangediayeith an
thickness of 0.8 nm. [0060] FIG. 13 shows the MOKE hysteresis loop of a
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thjqexamples shown in FIGs. 9-13, the thickness of the exchange, coupli
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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.



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 ks thermally stable. [0062] Granular,
well-decoupled, high T. layers can be fabricated for use in data storage
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configuration shown in FIG. 3, they are very thermally stable. - 13
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This is the case 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



[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 temperéﬁfré, which is lower than the T. of the
magnetic material. [0069] Another advantage of the design is that the high K.
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PaRdals. [0073] The media of this invention utilizes the temperature
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matdriatitidgofie nadsitagbeMmbhgdesignistérataimenght K, grains possess a fairly high
magnetic moment at the temperature of writing. As a result, the magnetic writer can exert
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.



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 oflthis invention uses thermally activated
switching of small magnetic units, which are vertically exchange decoupled
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multilayer structures, including trilayer structures including a layer of low T.
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thermally assisted switching effect is enhanced. When used in a data

clalffrage medium, the recording temperature is reduced due to the smaller
switching volume achieved by using vertically decoupled laminations at
elevated temperatures. -15- [0075] While the invention has been described
in terms of several examples, it 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 is
claimed is: 1. 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 magnetic grains of the first layer are unstable when
the second layer of magnetic material is heated above the second 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 between about 0 nm and about 5 nm. 4. The apparatus of claim 1,
wherein:



the magnetic grains in the first layer have diameters of between about 1 nm
and about 10 nm, and magnetic grains in the second layer have diameters of
between about 1 nm and about 1000 rifh. 5. The apparatus of claim 1,
wherein: the first layer has a thickness between about 2 nm and about 30

wWhali@BRithegsecond layer has a thickness between about 0.5 nm and about
30 nm. 6. The apparatus of claim 1, wherein: the first layer of magnetic

material in dach of tHABRAAEYS COBIRYFEEs a multilayer structure. 7. The
apparatus of claimalpWhgigivftBRaNkst davetiresepekivdibe diaxens inabeestder,

first plurality of grains of magnetic material having a first intergranular .
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layer is greater than the magnetic anisotro fthe secqond layer. 10. The
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arde;e@upﬂm@engterial _between r_nagnetic grains. 11._The apparatus of claim 10,
e AL i R oo
lagerisisatehishresindheéinsiteyed amane afdheshilayers is positioned on the
seed layer. 4. The apparatus of claim 1, wherein:
the magnetic grains in the first layer have diameters of between
about 1 nm and about 10 nm, and magnetic grains in the second layer have diameters of
between about 1 nm and about 1000 nm.
5. The apparatus of claim 1, wherein:
the first layer has a thickness between about 2 nm and about 30
nm, and the second layer has a thickness between about 0.5 nm and 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.



13. 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 CoX/Pd
multilayer, FePt, an FeYPt alloy, or ™ eCo, 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, An and §/n. 14TAd SRR EQRITISNOVHEEANThSeaNdarersifiyers, the
magnetic materials positioned on opposite sides of a third layer of magnetic
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théhathedGedimisayRes atdrexehingetbochiayetindatiierein magnetic grains of
the first and second layers are unstable when the third layer of magnetic

material is Heated ABBVPRAESIOteHABY aturdBere) e afatle Silavsr the

méghdiictharseampriginghatiexchgagescoratitgtanting layrneasitenetopy of the
between the first layer and the third layer. 16. The apparatus of claim 15,
seGick&@¥efhe exchange coupling control layer has a thickness between about

0 nm and ahout 5 mme abBarkiusIdecanparaiisepdialaneabhvaneneiniltyers, the first
magnetic grains in the first and second layers have diameters of between
Y 95 Lo BLRIBE TSt B PRRGRRARE U ST the third layer have
diameters of betwegie alyspiritimmaEndlaineut 3, 00hevgin L gheAricoRBIRY Smaterial
comprising: first and second layers of magnetic materials positioned on

Cogb%g?ﬁ@%ﬁ’fg %f a third layer of magnetic material, wherein the first and

second layerg. havenedpgatempefataieslowehshaonipeisiyie temperature of
the third layer, and wherein maé;netic grains of the third layer are unstable

when the first and ééBBﬂ&an'y%? of magnetic material are heated above their
Curie temperaturea. s€8d Thgepppposites ohcthensusiitehahe@inptigingsalayer of
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control 13.  The apparatus of claim 1, wherein:
the first layer includes one or more of CosPt, a CoXPt alloy, a
CoX/Pt multilayer, a CoXPd alloy, 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.
14.  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 wherein
magnetic grains of the first and second layers are unstable when the third layer of
magnetic material is heated above its Curie temperatures.
15. The apparatus of claim 14, further comprising:
an exchange coupling control layer positioned between the first
layer and the third layer.
16.  The apparatus of claim 15, wherein the exchange coupling control

layer has a thickness between about 0 nm and about 5 nm.



layer has a thickness between about 0 nm and about 5 nm. 21. An apparatus
comprising: a plurality of bilayer structures positioned adjacent to each other,
each of the bilayer structures includiﬁéaa'first layer of magnetic material
having a first Curie temperature and a second layer of magnetic material

positioned agijacent ke Hapditstslayerainmhergivibip.second layer has a second
Curie temperature that is lower than the first Curie temperature, and the

magnetic grains in e MREPEUTH ARSAHiR LRI RGr s eant Y exhBRve iamelsEs of
bedloe HBdUN 12Akh rAAGNBIKtONSIH) iRl Speghdityrsinave dirRMABIRISI®fer have

between about 1 nm and about 1000 nm. 22. An apparatus comprising: a

digRfeiR,PHPERMGRT ARAM B BRARRMEA M4 Rnt to each other, each of the

bilayer structgres ipglughng Audreshaesiag magnetic material having a first
Curie temperature and a second layer of magnetic material positioned .

adjacent to the firsfTly v T taYEE ot TA3aHSs DUEHaly Bastioned on
opsiBive ddEeothatligripYipE thmihen it it lemnesatuie fnd the Besbaddayers
B e L el e e
magaenetranateriallis isiadethphroye itsnGidbie tamgendtimrst and second layers of
magnetic material are heated above their Curie temperatures.
19.  The apparatus of claim 18, further comprising:

an exchange coupling control layer positioned between the first
layer and the third layer.

20.  The apparatus of claim 19, wherein the exchange coupling control
layer has a thickness between about 0 nm and about 5 nm.
21.  Anapparatus 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 of between
about 1 nm and about 10 nm, and magnetic grains in the second layer have diameters of
between about 1 nm and about 1000 nm.

22.  Anapparatus 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 first and second layers of magnetic material are magnetically
coupled to each other at room temperature and magnetically uncoupled when one of the
layers of magnetic material is heated above its Curie temperature.
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