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LOW COUPLING OXIDE MEDIA (LCOM)

Background

[0001] Magnetic discs with magnetizable media are used for data storage in
most computer systems. According to the domain theory, a magnetic material is
composed of a number of submicroscopic regions called domains. Each domain
contains parallel atomic moments and is magnetized to saturation, but the
directions of magnetization of different domains are not necessarily parallel. In the
absence of an applied magnetic field, adjacent domains may be oriented randomly
in any number of several directions, called the directions of easy magnetization,
which depend on the geometry of the crystal. The resultant effect of all these
various directions of magnetization may be zero, as is the case with an
unmagnetized specimen. When a magnetic field is applied, the domains most
nearly parallel to the direction of the applied field grow in size at the expense of
the others. This is called boundary displacement of the domains or domain growth.
A further increase in magnetic field causes more domains to rotate and align
parallel to the applied field. When the material reaches the point of saturation
magnetization, no further domain growth would take place on increasing the
strength of the magnetic field.

[0002] The ease of magnetization or demagnetization of a magnetic material
depends on the crystal structure, grain orientation, the state of strain, and the
direction and strength of the magnetic field. The magnetization is most easily
obtained along an easy axis of magnetization and most difficult along the hard axis

of magnetization. A magnetic material is said to possess a magnetic anisotropy
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when easy and hard axes exist. On the other hand, a magnetic material is said to be
isotropic when there are no easy or hard axes.

[0003]  Many prior art magnetic recording media were fabricated with a
longitudinal configuration. That is, the recording media were fabricated with in-
plane (longitudinal) anisotropy in the magnetic layer. Longitudinal anisotropy
results in magnetization forming in a direction in a plane parallel to the surface of
the magnetic layer.

[0004] The demand for higher capacity magnetic recording media, however,
has resulted in interest in perpendicular recording media; that is, recording media
with a perpendicular anisotropy in the magnetic layer resulting in magnetization
forming in a direction perpendicular to the surface of the magnetic layer.
Typically, perpendicular recording media are fabricated with a polycrystalline
CoCr alloy or CoPt-oxide alloy film. Co-rich areas in the polycrystalline film are
ferromagnetic while Cr or oxide rich areas in the film are non-magnetic. Magnetic
interaction between adjacent ferromagnetic domains are attenuated by the non-

magnetic areas in between.

Summary of the Invention
[0005] One embodiment of this invention relates to a low-coupling

perpendicular magnetic recording medium comprising a magnetic storage layer and
at least one low saturation magnetization layer, wherein the magnetic storage layer

has a saturation magnetization between about 400-900 emu/cm’ and the at least

one low saturation magnetization layer has a saturation magnetization below that

of the magnetic storage layer.
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Brief Description of the Drawings

[0006] The present invention will be better understood by reference to the
Detailed Description of the Invention when taken together with the attached
drawings, wherein:

[0007] Figure 1 shows a magnetic recording medium according to one
embodiment of the invention.

[0008]  Figure 2 shows a magnetic recording medium according to another
embodiment of the invention.

[0009]  Figure 3 shows a magnetic recording medium according to a third
embodiment of the invention.

[0010]  Figure 4 shows a magnetic recording medium according to a fourth
embodiment of the invention.

[0011] Figure 5 illustrates Monte Carlo simulations demonstrating improved

recording properties of an embodiment of the invention.

Detailed Description of the Preferred Embodiments of the Invention

[T 11 »

[0012] As used in the specification and claims, the singular forms “a”, “an
and “the” include plural references unless the context clearly dictates otherwise.
[0013] The inventors have discovered that a weak uniform direct exchange
coupling between magnetic grains in perpendicular recording media provides
improved performance. The inventors have further discovered that weak uniform
direct exchange coupling between the magnetic grains may be produced by adding
a low saturation magnetization magnetic layer(s) in the perpendicular media

structure. The inventors have additionally discovered that the strength of the direct
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exchange coupling can be controlled by varying saturation magnetization (M;) of
the magnetic layer.
[0014] An embodiment of this invention relates to a low-coupling
perpendicular magnetic recording medium comprising at least one low saturation
magnetization layer, wherein the at least one low saturation magnetization layer
has a saturation magnetization below 600 emwcm’.
[0015] Another embodiment of the invention relates to a method of making a
low coupling perpendicular magnetic recording media comprising depositing an

- adhesion layer on a substrate, depositing a soft underlayer, depositing an non-
magnetic interlayer, depositing a storage layer; and depositing a low saturation
magnetization magnetic layer, wherein the at least one low saturation
magnetization layer has a saturation magnetization below 600 emwcm’.
[0016] Another embodiment of the invention relates to a method comprising
obtaining a storage medium having at least one layer with a saturation magnetization
below 600 emw/cm’.
[0017] Additional advantages of this invention will become readily apparent to
those skilled in this art from the following detailed description, wherein only a
selection of preferred embodiments of this invention are shown and described, to

illustrate the best modes contemplated for carrying out this invention.
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EXAMPLES
[0018] All samples described in this disclosure were fabricated with DC
magnetron sputtering except carbon films. Example data demonstrating the
reduction of exchange coupling by reactive sputtering are explained herein.
[0019] Figure 1 illustrates a first preferred embodiment of the invention. The
low-coupling perpendicular magnetic recording medium 10 of this embodiment
includes a substrate 11, an adhesion layer 12, a soft under layer 13, an
amorphous layer 14, a non-magnetic interlayer 15, a low-coupling magnetic layer
16, a storage layer 17, and a carbon protective overcoat. Optionally, the soft
under layer 13, the amorphous layer 14, the non-magnetic interlayer 15, the low-
coupling magnetic layer 16, the storage layer 17, and the carbon protective
overcoat 18 may comprise multiple layers.
[0020] Preferred materials for the optional adhesion layer 12 include alloys
containing one or more of Cr, Ni, Ta, and Ti. The choice depends on the substrate
11 and the material selected for the soft underlayer 13 and is within the skill of
one of ordinary skill in the art. Preferably, the thickness of the adhesion layer
is about 1-400 nm. More preferably, the thickness is about 2-20 nm.
[0021] Preferred materials for the soft underlayer 13 include alloys of at
least one of Fe and Co with one or more elements selected from Ni, B, P, Si,
C, Zr, Nb, Hf, Ta, Al, Si, Cu, Ag, Au. Preferably, the thickness of the soft
underlayer 13 is about 10-400 nm. More preferably, the thickness is about 20-100
nm.
[0022] The amorphous layer 14 is optional. Preferred materials for the

amorphous layer 14 include elements and alloys comprising Ta, Ti, Ni, Cr,
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Zr, Nb, and P, in compositions for which these alloys are amorphous. Other
preferred materials include amorphous ferromagnetic materials consisting of
Fe with one or more elements selected from Co, B, P, Si, C, Zr, Nb, Hf, Ta,
Al, Si, Cu, Ag, and Au. Still other preferred materials include TixCrygo.x and
TaxCrioo.x, where (30 < x < 60). Preferably, the thickness of the amorphous
layer 14 is about 0-10 nm. More preferably the thickness is about 0.2-4 nm,

[0023] The crystallographic structure of the non-magnetic interlayer 15
depends on the crystallographic structure of the storage layer 17. For
example, if the storage layer 17 is made of a Co-rich alloy with a hexagonal
closed packed (hcp) structure, the non-magnetic interlayer 15 may include a
face-centered cubic (fcc) layer of Cu, Ag, Au, Ir, Ni, Pt, Pd, or their alloys.
Preferably, the thickness of this non-magnetic interlayer 15 ranges from about 0.2
nm to about 40 nm. More preferably, the thickness is about 1-20 nm.
Alternatively, the non-magnetic interlayer 15 may include a hexagonal closed
packed (hcp) layer of Ru, Re, Hf, Ti, Zr, or their alloys. Other hcp layers that may
be used include Co and CoCr alloys. Optional additives to CoCr include Ta, B,
Pt, Nb, Ru, Zr, and oxide materials. To use CoCr, the concentration of Cr and
other alloying elements is chosen so that the alloy is non-magnetic and has an
hep crystal structure. To use Co-containing alloys the concentration of Cr
and other alloying elements is chosen so that the alloy is non-magnetic and has
an hcp crystal structure. Preferably, the thickness of the hcp layer(s) ranges
from about 0.2 nm to 40 nm. More preferably, the thickness is about 1-20 nm.
[0024] The storage layer 17 may comprise one layer or any number of layers of

magnetic material. Preferred materials for the storage layer 17 include Co with
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one or more elements selected from Pt, Cr, Ta, B, Cu, W, Mo, Ru, Ni, Nb, Zr, Hf.
Optionally, one or more oxides of elements such as Si, Ti, Zr, Al, Cr, Co, Nb,
Mg, Ta, W, or Zn may also be present in the storage layer 17. Preferably, the
storage layer 17 is grown in a controlled atmosphere. Preferably, the controlled
atmosphere includes Ar, Kr, or Xe or combination of these gasses with a reactive
gas component such as O,. The storage layer 17 may be grown at low
temperatures, i.e. below 400 K. Typically, low temperatures are used for
fabricating magnetic layers sputtered in controlled atmospheres including
combinations of Ar, Kr, Xe and O,. Alternatively, the storage layer 17 may be
grown at elevated temperatures, i.e. above 400 K. Preferably, the elevated
temperature is higher than 420 K and below 600 K.

[0025] In the present embodiment, the low-coupling magnetic layer 16 is
located between non-magnetic interlayer 15 and the storage layer 17. In this
embodiment, the crystallographic structure of the low-coupling magnetic layer 16
may be adjusted to improve the crystallographic growth of the storage layer 17.
For example, for a storage layer(s) 17 with an hcp crystallographic structure, a
low-coupling magnetic layer(s) 16 may be selected to have an hcp or fcc
crystallographic structure, or it may be amorphous. Preferred materials for the
low-coupling magnetic layer 16 include at least one of Fe, Co, Ni with one or
more elements selected from Cr, Pt, Ta, B, Ru, Cu, Ag, Au, W, Mo, Nb, Zr, Hf, Ti,
Zn, and Re. Preferably, the low-coupling magnetic layer 16 has a lower Mg than
the Mg of the storage layer 17 to obtain weak direct exchange coupling. The
storage layer 17 preferably has a Mg of approximately 400-900 emu/cm’. The low-

coupling magnetic layer 16 preferably has a Mg less than or equal to about 600
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emu/cm®, More preferably Mg is less than or equal to about 300 emu/cm®. Even

more preferably, Mg is less than or equal to about 50 emu/cm’. Possible storage

layer 17/low-coupling magnetic layer 16 combinations may be, but are not limited

to: 600/300, 900/600, 500/50, 450/350, 600/450 and 900/400.

[0026] The topmost layer covering the low-coupling perpendicular magnetic
recording medium 10 of this embodiment is the carbon protective overcoat 18. The
thickness of the carbon protective overcoat 18 may vary according to the desired life
and durability of the low-coupling perpendicular magnetic recording medium 10.
[0027] Figure 2 illustrates a second preferred embodiment of the invention.

The low-coupling perpendicular magnetic recording medium 20 of this embodiment

includes a substrate 11, an adhesion layer 12, a soft under layer 13, an
amorphous layer 14, an non-magnetic interlayer 15, a storage layer 17, a low-
coupling magnetic layer 16, and a carbon protective overcoat. That is, in contrast
to the first embodiment, the low-coupling magnetic layer 16 is between the storage
layer 17 and the carbon protective overcoat. Further, as in the first embodiment,
the soft under layer 13, the amorphous layer 14, the non-magnetic interlayer 15,
the storage layer 17, the low-coupling magnetic layer 16, and the carbon protective
overcoat 18 may include multiple layers.

[0028] Figure 3 illustrates a third preferred embodiment of the invention. The
low-coupling perpendicular magnetic recording medium 30 of this embodiment
includes a substrate 11, an adhesion layer 12, a soft under layer 13, an
amorphous layer 14, an non-magnetic interlayer 15, a first low-coupling magnetic
layer 16a, a storage layer 17, a second low-coupling magnetic layer 16b, and a

carbon protective overcoat. In contrast to the first embodiment, the low-coupling
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magnetic layer 16 comprises at least two layers that are separated by at least one
storage layer 17. Further, the soft underlayer 13, the amorphous layer 14, the
non-magnetic interlayer 15, the first low-coupling magnetic layer 16a, the storage
layer 17, the second low-coupling magnetic layer 16b, and the carbon protective
overcoat 18 may include multiple layers.

[0029] Figure 4 illustrates a fourth preferred embodiment of the invention. The
low-coupling perpendicular magnetic recording medium 30 of this embodiment
includes a substrate 11, an adhesion layer 12, a soft under layer 13, an
amorphous layer 14, a non-magnetic interlayer 15, a low-coupling magnetic layer
16, a first storage layer 17a, a second storage layer 17b, and a carbon protective
overcoat. In contrast to the first embodiment, the storage layer 17 comprises at
least two layers that are separated by at least one low-coupling magnetic layer 16.
Further, the soft underlayer 13, the amorphous layer 14, the non-magnetic
interlayer 15, the first low-coupling magnetic layer 16, the first storage layer 17a,
the second storage layer 17b, and the carbon protective overcoat 18 may include

multiple layers.

[0030] Figure § illustrates Monte Carlo simulations demonstrating improved
recording properties of an embodiment of the invention having a thick low-
coupling magnetic layer of hcp crystallographic structure with Mg=50 emu/cm®
located between a non-magnetic interlayer 15 and a storage layer 17. In
particular, the Monte Carlo simulations illustrated in Figure 5 show that
optimal recording properties of perpendicular media can be achieved for
media with very low and uniform direct exchange coupling (A*), wherein A*

comprises a value of A* = (0.05 = 0.03) *10™"" J/m (Fig.5). Such a low
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value of direct exchange coupling results from most sputtered Co-alloy thin
films having low saturation magnetization in a range of about 50 emu/cc <
Ms <300 emu/cc. Assumptions for the simulations include: a grain size
dispersion of op/D = 0.1, where 6p/D describes a microstructure comprising a
grain size defined by an average grain diameter (D) and a variation of grain
size defined by a standard deviation (6p); anisotropy dispersion oga/Ha =
0.02, where H, is the average anisotropy field of grains comprising the media
and oua is the standard deviation of the anisotropy field; and linear density of
1270 kfci (50 kfc/mm). Approximate values of op/D and oua/Ha can be experimentally
obtained by microscopy techniques such as TEM and SEM, and magnetometry
techniques such as Berger’s method and AC transverse susceptibility
respectively. Linear density is simply related to the length of each bit that is

controlled by the recording process.

[0031] Similar model result trends to those shown for the
specified model calculation parameters are obtained for a range of
values of the model calculation parameters. Based on the results of the
simulations, the inventors have determined that an additional low magnetization
magnetic layer(s) 16 in perpendicular media structure provides lower exchange
coupling between magnetic layers and grains in perpendicular media, which will
significantly improve the performance. By varying Mg of the low magnetization
magnetic layer 16, the strength of direct exchange coupling in perpendicular
recording media can be controlled. Simulations demonstrate that the
location of the low magnetization magnetic layer 16 can be between the non-

magnetic interlayer 15 and the storage layer 17, or between the storage
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layer 17 and the carbon protective overcoat 18. Alternatively, the low
magnetization magnetic layer 16 may be located between or adjacent to a
plurality of storage layers 17, e.g., 17a and 17b shown in Figure 4.
Alternatively, the low magnetization magnetic layer 16 may comprise a plurality
of low magnetization layers, such as layers 16a, 16b shown in Figure 3, which
can be located between the interlayer 15 and the storage layer 17 and
between the storage layer 17 and the carbon protective overcoat 18.
Preferably, Ms of the low magnetization magnetic layer 16 is low, i.e. below
about 600 emu/cm” to provide low exchange coupling. More preferably, Mg is

below about 300 emu/cm’. Even more preferably, Mg is below about 50 emu/cm’.
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What is claimed is:

1. A magnetic recording medium, comprising:
at least one storage layer comprising magnetic grains; and
at least two low saturation magnetization magnetic layers configured to
produce weak uniform direct exchange coupling between the magnetic

grains in the at least one storage layer.

2. The magnetic recording medium of claim 1 and further comprising a non-
magnetic interlayer, wherein one of the at least two low saturation magnetization
magnetic layers is between the non-magnetic interlayer and the at least one storage

layer.

3. The magnetic recording medium of claim | and wherein the at least one

storage layer comprises a hexagonal closed packed structure.

4, The magnetic recording medium of claim 2 and wherein the non-magnetic

interlayer comprises a face-centered cubic structure.

5. The magnetic recording medium of claim 1 and wherein each of the at least
two saturation magnetization layers comprise one of a hexagonal closed packed

structure, a face-centered cubic structure and an amorphous structure.

6. An apparatus comprising:
a storage layer comprising magnetic grains and having a perpendicular
anisotropy; and
a low saturation magnetization magnetic layer configured to produce weak
uniform direct exchange coupling between the magnetic grains in the

storage layer.
7. The apparatus of claim 6 and further comprising a non-magnetic interlayer,

wherein the low saturation magnetization magnetic layer is between the non-magnetic

interlayer and the storage layer.
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8. The apparatus of claim 6 and wherein the storage layer comprises a hexagonal

closed packed structure.

0. The apparatus of claim 7 and wherein the non-magnetic interlayer comprises a

face-centered cubic structure.

10.  The apparatus of claim 6 and wherein the low saturation magnetization layer
comprises one of a hexagonal closed packed structure, a face-centered cubic structure

and an amorphous structure.
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