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AN IMPROVED EXCHANGE-COUPLED COMPOSITE MEDIUM AND A
MAGNETIC RECORDING MEDIUM COMPRISING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION -

This application claims the benefit of Singapore Patent Application No.

200906129-2 filed on 15 September 2009, the entire contents of which are

: mcorporated hereln by reference

" FIELD OF INVENTION

The invention relates to an improved exchange-coupled composite medium for

use in magnetic recording media. The invention also relates to a method for

_fabricating a magnetic recording medium comprising the improved exchange-

coupled composite medium.

BACKGROUND TO THE INVENTION

The following discussion of the background to the invention is intended to
facilitate an understanding of the present invention. However, it should be

appreciated that the dichssion is not an acknowledgment or admission that any

“of the material referred to was published, known or part of the common general

- knowledge in any jurisdiction as at the priority date of the application.

- In existing hard disk drive (HDD) products, the magnetic recording media

consist of single domain magnetic grains at nanometer level. When the easy

- axis of the magnetic grains is s:ubstantially perpendicular to the surface of a disk

medium substrate, the medium is called a perpendicular recording medium.

One data bit in a recording medium 'requires' a certain number of magnetic

‘grains in order to have sufficient signal-to-noise ratio (SNR). A bit-error rate

(BER) of a magnetic recording system largely depends on the medium SNR. To

meet the BER requirement specified by a user, the megnetic grain number per

bit has to be maintained at a certain value. In such circumstances, as the areal
1
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density of a magnetic recording system increases, the in-plane area of each

grain has to be reduced accordingly.

Magnetic anisotropy energy of each magnetic grain is defined a.s the product of

the material anisotropy energy density K, and its volume. In order to keep the

- recorded data thermally stable, the magnetic anisotropy energy of a magnetic
: jgrainfhésto be more than 40 times its thermal energy. Otherwise, thermal

‘agitat;i(')_h may flip the magnetiZation direction of the magnetic grains and result

in the Idss of recorded data. In: order to maintain sufficient thermal stability at a
reduced grain area (or grain size) at higher areal density, the anisotropy energy
density K, of a recording medium has to be increased. But a larger anisotropy
energy density K, leads to a higher switching field of magnetic grains and this

places tremendous burden on write-ability ofa recording head.

The write-ability of the recording head depends on saturation flux density of the
head material, in which the highest 'value is about 2.5 Tesla (T). This limits the
anisotropy energy density K, value of the medium material and also the
achievable areal density of the HDD product. The need to improve the write-

ability becomes a critical challenge in the magnetic recording industry.

One proposed solution to improve write-ability is the use of an exchange-

coupled composite (ECC) medium consisting of a hard magnetic layer

| exchange-coupled with a soft magnetic layer in the magnetic recording medium.

The ECC medium forms the magnetic recording layer of the magnetic recording

‘medium. The hard magnetic layer comprises grains of magnetically hard

regions with perpendicular aniéotropy. The soft magnetic layer comprises grains

of maghetically soft regions where the anisotropy may also point in the

perpendicular direction provided it is small in magnitude. The ECC medium

- makes use of the exchange-coupling between the soft and hard magnetic layers

to reduce switching fields of the recording medium. The effective switching field
of the ECC medium may be much lower than that of a medium consisting of a

hard magnetic layer alone. Therefore, medium material of high anisotropy

2
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energy density K, may be usefully employed as the hard magnetic layer of the
ECC medium to further increase the areal density of the HDD product.

However, conventional ECC medium requires a thick soft magnetic layer with
high saturation magnetization (Mg) and is greatly dependent on the exchange-
coupling between the hard and soft magnetic layers. The thickness of the soft

B magnjet:i;c layer is Comparable tb or larger than that of the hard magnetic layer. A
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- soft rﬁagnetic layer having a srhéll thickness has less switching field reduction.

" In additibn, a seed layer is one requirement in order to grow the hard magnetic

layer with well controlled magnetic orientation. The soft magnetic layer is
subsequently deposited on the hard magnetic layer in order to achieve a direct
contact, thereby forming an exchange-coupling interface between the hard and

soft magnetic layers.

The anisotropy energy density K, value of the soft magnetic layer is significantly
lower than that of the hard magnetic layer. Therefore, the thermal stability
Contribution from the soft magnetic layer is significantly lower and may be
considered negligible. Further, remnant magnetization of the soft magnetic layer
is not sufficiently high even though it is under the influence of the magnetostatic
field from the adjabent hard magnetic layer. This causes a deterioration of the

read-back performance of the magnetic recording medium.

4 | There is also a conflict on the thickness requirement for the soft magnetic layer.
- The switching field reduction requires the layer to be thick but the read-back

* performance prefers it to be th_in for optimal performance. Victora et a/

(Proceedings of the IEEE, vol. 96, No. 11, November 2008) disclose that the
exchange-coupling étrength between the soft and hard magnetic layers has to

be very strong in order to achieve a significant switching field reduction. In this

- paper, when the ratio of soft magnetic layer thickness to hard magnetic layer

thickness is set at 2, the exchange coupling energy Jex has to be 9x10° erg/cc.
But when the ratio is set at 1 (i.e. the value at which complete exchange-

coupling switching is achieved), the exchange coupling energy Jex has to be

3
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14x10° erg/cc. The strength of the exchange-coupling depends on the layer
material selected and the interface conditions, for example. It may be

impractical due to the requirement of high exchange-coupling strength.

In reality, the thickness of the soft magnetic layer of the ECC medium cannot be
too thick. Other than the deterioration of the read-back performance, the field

- 'Strength of a writing head will élSo decrease due to an increment in spacing (or

o i:thickheés) between the writing: héad and the soft magnetic under-layer, which
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under-layer is found below the seed layer of the hard magnetic layer. An
optimized ECC medium structure should ideally have thin soft magnetic layer
and low hard-soft exchange-coupling strength that has the same amount of
switching field reduction for the hard magnetic layer. However, the switching

field reduction for a conventional ECC medium will require a strong interface

~ exchange-coupling strength between the soft and hard magnetic layers, and a

thick soft magnetic layer with high magnetic moment. The strength of the
exchange-coupling depends on the surface (interface) condition of soft and hard
magnetic materials. There is a practical limit to the exchange-coupling strength
and thickness of the soft magnetic layer. This places a constraint on the overall

benefits of the convention ECC medium.

Thus, it is desirable to provide for an improved exchange-coupled composite

medium that has sufficiently thin soft magnetic layer and low exchange-coupling

| strength, and reduces the switching field without comprising the thermal stability

" of the medium.

SUMMARY OF THE INVENTION

Throughout this document, unless otherwise indicated to the contrary, the terms

“comprising”, “consisting of”, and the like, are to be construed as non-

| exhaustive, or in other words, as meaning “including, but not limited to”.

In a first aspect of the present invention, there is provided an exchange-coupled

composite medium comprising a multilayer structure having at least a first layer,
4
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an intermediate layer, aAnd a last layer, wherein the intermediate layer is on and

in contact with the first Iéyer thereby formihg a first exchange-coupling interface
therebetween, and the last layer is on and in contact with the mtermeduate layer,
thereby forming a second exchange-coupling mterface therebetween

Ina seéond aspect of the preSent invention, there is provided a magnetic
' ‘-reCOr:di'rf\g medium comprising fa substrate, a soft magnetic under-layer formed

on the éubstrate, a seed layer formed on the soft magnetic under-layer to

control-magnetic orientation of an exChange—coupIed composite medium of the
first aspect formed on the seed layer. The exchange-coupled composite

medium forms the magnetic recording layer of the magnetic recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

In the figures, which illustrate, by way of example only, embodiments of the

present invention,
FIGURE 1 is an illustration of the present structure of an exchange-coupled
composite medium whereby the medium comprises one intermediate hard

magnetic layer sandwiched between two soft magnetic layers;

FIGURE 2 is a graph of hysteresis loops of a conventional ECC medium (dash

. curve) and the present medium of FIGURE 1 (solid line) at the same total

volume of soft magnetic layer and at the same exchange-coupling strength

between the hard and soft magnetic layers;

FIGURE 3 is a graph showing the hard magnetic layer switching field reduction
versus the strength of the exchange-coupling for a conventional ECC medium

(circle mark) and the present medium of FIGURE 1 (triangle mark) at the same

 total volume of the soft magnetic layer. The present medium is able to realize

full reduction of switching field at a lower interface exchange-coupling than the

conventional ECC medium;
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FIGURE 4 is a graph showing the thermal stability to switching field ratio versus
the strength of the exchénge—coupling for a conventional ECC medium (circle
mark) and the present medium of FIGURE 1 (triangle mark) at the same total
volume of the soft magnetic layer. The present medium is able to achieve a

desired ratio at a lower interface exchange-coupling than the conventional ECC

_medium;

FIGURE 5 is an illustration of the medium structure and respective thickness of
each layer of a single hard magnetic layer medium (FIGURE 5a), ECC medium
(FIGURE 5b), and the present medium of FIGURE 1 (FIGURE 5c); and

FiGURE 6 is a graph showing the switching field and energy barrier of

corresponding embodiments presented in FIGURE 5a-c. The present medium

-reduces the switching field significantly without much influence on the energy

barrier defined by the thermal stability of the medium.

DETAILED DESCRIPTION

The invention relates to an improved exchange-coupled composite medium for
use in magnetic recording media. The invention also relates to a method for
fabricating a magnetic recording medium comprising the improved exchange-

coupled composite medium.

In accoifdance with a first aspect of the invention, there is provided an

' exchange-cc)upled composite medium comprising a multilayer structure having

at least a first layer, an intermediate layer, and a last layer, wherein the
intermediate layer is.on and in contact with the first layer, thereby forming a first
exchange-coupling interface therebetween, and the last layer is on and in
contact with the intermediate layer, thereby forming a second exchange-

coupling interface therebetween.

FIGURE 1 illustrates a first embodiment of an improved exchange-coupled

composite medium 100 in accordance with the first aspect of the present
6
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invention. The improved;exchange-coupled composite medium 100 comprises a

tri-layer structure consisting of a first layer 10, a second layer 20, and a third

~ layer 30. The second layer 20 is positioned intermediate between the first layer

10 and the third layer 30, thereby separating the two layers. The first layer 10 is

positionéd closer to a substrate of a magnetic recording medium when the

mediij_’§100 is in use (to be deScribed later). The third layer 30 is positioned

| fur’(he:r éway from the substrate of the magnetic recording medium when the

medium»100 is in use (to be described later).

The second layer 20 is on and in contact with the first layer 10, thereby forming
a first eXchange-coupIing interface therebetween. The third layer 30 is on and in
contact with the second layer 20, thereby forming a second exchange-coupling

interface therebetween. It is to be appreciated that each of the contact between

the second layer 20 and the first layer 10, and between the third layer 30 and

the second layer 20 is a direct contact between the respective layers. Such an -
arrangement dispenses with the need for a separate exchange-coupling control

layer between the respective layers.

The first layer 10 consists of grains of magnetically soft regions where the
anisotropy can point in any direction provided it is small in magnitude, and the
layer is commonly termed as a soft magnetic layer. In a preferred embodiment,

the anisotropy of the soft magnetic layer points in the perpendicular direction to

~ the plane of the layer. Similarly}, the third layer 30 is also a soft magnetic layer.

_' On' the other hahd, the second layer 20 consists of grains of magnetically hard

regions with perpendicular anisotropy, and the layer is commonly termed as a

hard magnetic layer.

The resulting exchange-coupled composite medium in this embodiment

_comprises a hard magnetic layer being sandwiched between two soft magnetic

layers on opposing surfaces of the second layer 20. The soft magnetic layer in
each of the first layer 10 and the third layer 30 may have the same or different

magnetic properties and thicknesses. The larger the total thickness of the first

7.
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layer and the third layer, the more reduction in the switching field is achieved.

However, a thicker first Ieyer may change the desired texture of the seed layer

. (the seed layer will be described in subsequent paragraphs) and affect the
. magnetic orientation of the hard magnetic layer formed on the first layer. On the
‘ other hand, a thicker third layer may deteriorate the read-back performance of

e vthe eXcﬁange-coupled compos:ite medium. These considerations place a

. j Constféifnt on the thicknesses of the first layer and the third layer. In a preferred
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and convenient embodiment, the two soft magnetic layers are selected to have

" the same magnetic properties and same thickness. More preferably, the total

thickness of the first layer and the third layer is less than the thickness of the
second layer. The resultant composite medium 100 is hereinafter termed as a
double exchange-coupled composite medium (or DECC for short) because it

comprises two separate exchange-coupling interfaces formed between different

layers. The conventional exchange-coupled composite medium (or ECC for

- short) comprises only one exchange-coupling interface. To facilitate the

distinction between the two composite media in this application, the terms

. “DECC" and “ECC” are used as appropriate, including in the figures.

Key parameters of the soft magnetic first layer 10 are defined as the saturation
magnetization M;, the anisotropy field Hys1, and the volume V4. Key
parameters of the soft magnetic third layer 30 are defined as the saturation

magnetization Mgz, the anisotropy field Hgs2, and the volume V. Key

' paralmeters of the hard magnetic second layer 20 are defined as the saturation

magnetization My, the anisotropy field Hy,, and the volume V.. The exchange-

coupling strength of the two interfaces is denoted as J;s. The exchange-
coupling strengths of the two interfaces are the same if the magnetic properties
and thicknesses of the first layer 10 and the third layer 30 are the same. It is to

be appreciated that the exchange-coupling strengths may also be different.

To compare the performance between DECC and ECC media, the thickness
and the magnetic properties (My, Hn, and Vi) of the hard magnetic layer are

deliberately fixed to be the same. The magnetic properties of the soft magnetic

8
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layers are also fixed to be the same. The numerical values of soft and hard
magnetic layers are set !as follows: M, = 550 emu/cc, H, = 73 KOe, Mg1 = Mgz =
150 emu/cc, His1 = Hisz = 1.33 KOe, Vi/(Vs1+Vs2) = 1, Vs1 = Vsz, Jns = 107 erglcc.
For thefDECC medium, the two soft magnetic layers (i.e. first Iayer 10 and third

3 "Iaye_r '30_) are each fixed to be half the thickness of the soft magnetic layer of the
ECC :m:edium such that the total thickness of the soft magnetic layers of the

DECC medium equals the thickness of the ECC medium.

Setting.the same interface exchange-Cou_pIing strength for both the DECC and
ECC media, FIGURE 2 shows the hysteresis loops of a DECC medium (solid
Iine) and an ECC medium (dash line). The exchange-coupling strength was set
at a low level and the ECC medium shows a two-phase switching, in which the
soft magnetic layer starts to switch at a lower magnetic field while the hard
magnetic layer needs a much higher magnetic field to switch. The exchange-
coupling Strength was not sufficiently high to fulfill the concept of ECC
switching. With the same exchange-coupling strength and the same total soft
layers thickness, although the maghetic switching field of the DECC medium is
slightly higher than the switching field of the soft layer of the ECC medium, the
DECC medium demonstrated a classic type of magnetic switching in a single
phase. This clearly demonstrafes the advantages of the DECC structure over
the ECC structure.

| FIGU'RE_ 3 is a graph showing $witching field versus exchange-coupling

strength for both ECC (circle mark) and DECC (triangle mark) media. At an
exchange-coupling constant of 8x10° erg/cc, it is sufficient for the DECC

medium to fulfill exchange-coupled switching entirely. But the ECC medium
needs an exchange-coupling constant of 14x10° erg/cc in order to achieve

complete exchange-coupling switching. This shows that the DECC medium

. requires a significant lower value of exchange—couplin'g strength to attain

comparable results.
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With the same soft layer volume and magnetic properties, the thermal stability
of both ECC and DECC media is the same and can be expressed

mathematically as:

AE = Kth +Ksl/s ~ Khl/h' (1)

- Where.AE is the energy barrief to thermal fluctuations, K is the anisotropy

énergy density, V is the volume of each magnetic grain. The subscripts s and h

refer to soft and hard layers, respectively.

The figure of merit (§) which is defined as the ratio of energy barrier to switching

energy needed, is mathematically expressed as:

2AE

SCT My ©

‘The higher the & value, the moj'e. effective is the exchange-coupling switching. .

From FIGURE 4, it can be seen that the ECC medium (circle mark) is relatively
ineffective in utilizing the exchange-coupling effect due to a low ¢ value. On the
other hand, the DECC medium '(triangle mark) provides an increase of more
than.double in the £ value. The DECC medium therefore exhibits a better

exchange-coupling assisted switching over a wide range of exchange-coupling

. constants.

" The following paragraphs will now describe the DECC medium when the same

is used in a magnetic recording medium.

In accordance with a second aspect of the invention, there is provided a

magnetic recording medium comprising a substrate, a soft magnetic under-layer

formed on the substrate, a seed layer formed on the soft magnetic under-layer

to control magnetic orientation of an exchange-coupled composite medium of
the first aspect formed on the seed layer. The exchange-coupled composite

medium forms the magnetic recording layer of the magnetic recording medium.

10
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In a preferred embodimént, the exchange-coupled composite medium

. comprises the DECC medium described in previous paragraphs, whereby a
- hard magnetic layer is sandwiched between two soft magnetic layers. In this

: genéfalffillustration, a first thickhess of a soft magnetic I'ayer is first deposited at

a low temperature on a seed layer. Then, a second thickness of a hard

magnetic layer is deposited at a high temperature on the first soft magnetic

layer. Subsequently, a third thickness of a soft magnetic layer is deposited at a

low temperature on the hard magnetic layer. The magnetic material used for
each of the hard and soft magnetic layers of the DECC medium may be the

same or different. Preferably, the magnetic material is one selected from the
group consisting of FePt, CoPt, CoCrPt, CoCrTa, CoCr, CoSm, CoPd, FePd,

and a mixture thereof. Conveniently, the same magnetic material is used for

~-each of the hard and soft magnetic layers. More preferably, the magnetic

material is FePt.

FIGURES 5a-c show the fabrication conditions and structures for different
magnetic recording media samples for comparison. Sample | and Sample |l are
prior art magnetic recording media structure. Sample Ill is one embodiment of

the present magnetic recording medium.

- For Sample | shown in FIGURE Sa, (FesoPts0)s0(TiO2)20 nano-composite thin

~ films with TiO, volume fraction of 20% were fabricated and used as a hard

mégnetic layer in the fecording layer. The recording medium comprises the film
structure of glass (Microcover glass)/ CrgsRu1o (100 nm)/ MgO (2 nm)/
(FesoPts0)so(TiO2)20 (10 nm) fabricated by a custom-designed four targets
ultrahigh vacuum magnetron sputtering system. The sputtering system was

vented to atmosphere with 99.99% purity nitrogen gas and then pumped down

_to a base pressure of about 8x1078 Torr. 99.999% purity Ar gas was used as the

working gas. The CrRu under-layer was deposited at a pressure of 3 mTorr and

~ at a substrate temperature of 250 °C. After that, the substrate temperature was

cooled down to 80 °C and a 2 nm MgO seed layer was deposited onto the CrRu

11
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under-layer at a pressure of 10 mTorr. The substrate was subsequently re-

heated to 350°C. A (FesoPtso)so(TiO2)20 layer was subsequently deposited by co-

. sputtering FesoPtso and TiO; ata fixed temperature of 350 °C, at a fixed
5 , :pres,s'u.rﬁe of 10 rhTorr and at a fixed sputter power and duration for FesoPtso. The

E sameifabrication conditions are used in Samples |, II, and Il for forming the

Structuré consisting of the substrate, under-layer, and seed layer. The same
fabrication conditions are used in Samples |, Il, and Il for forming the hard and

soft magnetic layers, except for the deposition temperatures mentioned below.

For Sample Il shown in FIGURE 5b, a 3 nm magnetically soft
(FesoPts0)so(TiO2)20 layer was further deposited at room temperature onto the

hard magnetic layer of Sample | to form a conventional ECC medium structure.

‘For Sample Il shown in FIGURE 5¢, a 1.5 nm magnetically soft

(FesoPtso)so(TiO2)20 layer was first deposited at room temperature on top of the -
MgO seed layer, followed by the 10 nm hard magnetic layer being deposited at
350 °C. On top of the hard magnetic layer, another 1.5 nm magnetically soft
(FesoPts0)so(TiO2)20 layer was deposited at room temperature. It is to be
appreciated that the deposition temperature for the hard magnetic layer may be
higher than 350 °C and the deposition temperature for the soft magnetic layer

may range from room temperature to 200 °C.

| FIGURE 6 is a graph showing the remanent coercivity (Hcr) and energy barrier

versus Samples |1, I, and lll as presented in FIGURE 5a-c. From FIGURE 6, it is
clearly shown that while the energy barrier levels are rather similar, the
switching field of Sample lll is the lowest among Samples |, I, and Ill. As such,
it has been demonstrated that the DECC medium of the present invention

provides a clear switching field reduction better than the conventional ECC

-medium.

The afore-described improved exchange-coupled composite medium provides

several advantages. The present medium alleviates the needs for a thick and

12
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high saturation magnetization (Ms) soft-layer, and also a high exchange-
coupling strength. In practice, the present medium effectively “doubles” the

. exchange-coupling effects by periding at least two exchange-coupling

interfaces and achieves a better switching field reduction than conventional

exchénge-co,upled composite medium.

Although the previous paragraphs provide for a tri-layer structure of the present
medium, it is to be understood and appreciated that the present medium is not
confined to only such structure. For example, the hard magnetic layer may
comprise at least two hard magnetic sub-layers instead of a uniform single hard
magnetic layer. The magnetic properties of each of the sub-layer may be the
same or different. Regardless the number of layers provivded in the exchange- .

coupled .composite medium, the present medium will still work so long as there

are at least two exchange-coupling interfaces bétween respective alternate soft

and hard magnetic layers.

Although the foregoing invention has been described in some detail by way of
illustration and example, and with regard to one or more embodiments, for the
purposes of clarity of understanding, it is readily apparent to those of ordinary
skill in the art in Iig'ht of the teaéhings of this invention that certain changes,

variations and modifications méy be made thereto without departing from the

spirit or scope of the invention as described in the appended claims.

13
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WE CLAIM:

An exchange-coupled composite medium comprising a multilayer structure
having at least a first layer, an intermediate layer, and a last layer, wherein
the intermediate layer is on and in contact with the first layer, thereby
forming a first exbhange-coupling interface therebetween, and the last layer
is on and in contact with the intermediate layer, thereby forming a second

exchange-coupling interface therebetween.

The composite medium of claim 1, wherein the intermediate layer further

comprises a plurality of sub-layers.

The_composite medium of élaim' 1 or 2, wherein the first layer comprises a
soft magnetic layer, the intermediate layer comprises a hard magnetic layer,

and the last Iéyer comprises a soft magnetic layer.

| The composite medium of claim 3, wherein the anisotropy of each of the

first layer, the intermediate layer, and the last layer points perpendicularly to

the plane of the respective layer.

The composite medium of any one of the preceding claims, wherein each of
fhe first layer, the intermediate layer, and the last layer is formed of a
matérial selected from the group consisting of FePt, CoPt, CoCrPt, CoCrTa,
CoCr, CoSm, CoPd, FePd, and a mixture thereof.

The composite medium of claim 5, wherein each of the first layer, the

intermediate layer, and the last layer is formed of FePt.

The composite medium of any one of the preceding claims, wherein the
thickness of each of the first layer and the last layer is substantially the

same.
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8.

‘9.

10.

11.

12.

13,

The composite medi.um of claim 7, wherein the total thickness of the first

layer and the last Ia)}er is less than the thickness of the intermediate layer.

A;rﬁ:agnetic:recording medi.um comprising:

5 - a substrate; ‘ _

- a sbft magnetic under-layer formed on the substrate;

- a seed layer formed on the soft magnetic under-layer; and

- a magnetic recording layer formed on the seed layer
wherein the magnetic recording layer comprises an exchange-coupled
composite medium comprising a multilayer structure having at least a first
layer, an intermediate layer, and a last layer, wherein the intermediate
Iayér is on and in contact with the first layer, thereby forming a first
¢x¢hange-coupling interface therebetween, and the last layer is on and in
Cohtact with the intermediate layer, thereby formihg a second exchange-
coupling interface therebetween, and the first layer is on and in contact

with the seed layer.

The recording medium of claim 9, wherein the intermediate Iayer further

comprises a plurality of sub -layers.

Thelrecording medium of claim 9 or 10, wherein the first layer comprises a
soft 'magnetic layer, the intermediate layer comprises a hard magnetic layer,

and the last layer comprises a soft magnetic layer.

The recording medium of claim 11, wherein the anisotropy of each of the
first layer, the intermediate layer, and the last layer points perpendicularly to

the plane of the respective layer.

The recording medium of any one of claims 9 to 12, wherein each of the
first layer, the intermediate layer, and the last layer is formed of a material
selected from the group consisting of FePt, CoPt, CoCrPt, CoCrTa, CoCr,
CoSm, CoPd, FePd, and a mixture thereof.
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14.

1.

16.

17.

18.

19.

The"recording, medium of c_Iaim 13, wherein each of the first layer, the

intermediate layer, and the last layer is formed of FePt.

Th'ev'recording medium of any one of the claims 9 to 14, wherein the

thickness of each of the first layer and the last layer is substantially the

‘same.

The recording medium of claim 15, wherein the total thickness of the first

layer and the last layer is less than the thickness of the intermediate layer.

A method for fabricating a magnetic recording medium, comprising the

steps of:

- forming a soft magnetic under-layer on a substrate;
- forming a seed layer on the soft magnetic under-layer; and
- forming a magnetic recording layer on the seed layer
wherein the magnetic recording layer comprises an exchange-coupled
composite medium comprising a multilayer structure formed by depositing
‘at least an intermediate Iayer on and in contact with a first layer, thereby
forming a first exchange-coupling interface therebetween, and depositing
| é Iést layer on and in confact with the intermediate layer, thereby forming a
second exchange-couplin-g interface therebetween, and the first layer is

formed on and in contact with the seed layer.

The metAhod of claim 17, wherein the first layer is deposited on the seed

layer at a temperature below 200 °C to form a soft magnetic layer.

The method of claim 18, wherein the first layer is deposited on the seed

layer at room temperature.

16
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20.

21.

22.

23

The method of any one of claims 17 to 19, wherein the intermediate layer is
deposited on the first layer at a temperature above 350 °C to form a hard

magnetic layer.

The method of claim 20, wherein the intermediate layer is deposited on.the

first layer at temperature 350 °C.

The method of any one of claims 17 to 21, wherein the last layer is
deposited on the intermediate layer at a temperature below 200 °C to form

a soft magnetic layer.

The method of claim 22, wherein the last layer is deposited on the

ihtéfmediate layer at room temperature.
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