
MAGNETIC LAYERING FOR BIT-PATTERNED STACK BACKGROUND [1] In recent years,
significant increases in the storage capacity of magnetic bit-patterned
recording media have been achieved by shrinking the size of each magnetic
bit, thereby increasing the density thereof. Smaller magnetic islands are
comprised of fewer magnetic grains and may, thus, be more susceptible to
random heat or shock-induced changes in orientation. One way to improve the
stability of each down-sized magnetic bit, or island, is to employ a
relatively high anisotropy magnetic material. Yet, higher anisotropy can
lead to an increased energy required in order to write to, or record
information in, each bit. Investigators have looked into graded anisotropy
media as a means to balance stability and writing efficiency. The present
disclosure pertains to altemative designs of magnetic recording layers for
magnetic bit-patterned recording media, which employ graded anisotropy to
improve writing efficiency without compromising thermal stability. SUMMARY
[2] A magnetic recording layer of a magnetic recording medium includes a
plurality of bit-patterned magnetic islands, wherein each of the plurality
of islands overlay a soft magnetic under-layer. Each of the magnetic
islands includes a first magnetic sub-layer adjacent a second magnetic
sub-layer, and the magnetic recording layer further includes a continuous
third sub-layer, which extends between and connects each of the plurality
of islands. According to some embodiments, the continuous third sub-layer
of the magnetic recording layer is magnetic and has a magnetic anisotropy
that is less than a magnetic anisotropy of the second sub-layer of each of
the magnetic islands of the magnetic recording layer; and the first
sub-layer of each of the magnetic islands has a magnetic anisotropy that is
greater than that of the second sub-layer. According to some alternate
embodiments, the first magnetic sub-layer overlays the  continuous third
sub-layer of the magnetic recording layer, and the third sub-layer overlays
the soft magnetic under-layer of the recording medium to form an interlayer
having a structure to help produce the greater anisotropy of the first
magnetic sub-layer. 



BRIEF DESCRIPTION OF THE DRAWINGS [3] The following drawings are
illustrative of particular embodiments of the disclosure and therefore do
not limit the scope of the invention. The drawings are not to scale (unless
so stated) andire intended for use in conjunction with the explanations in
the following detailed description. Embodiments of the disclosure will
hereinafter be described in conjunction with the appended drawings, wherein
like numerals denote like elements. [4] Figure 1 is a plan view of a data
storage system, which incorporates a magnetic recording medium in
accordance with some embodiments of the present disclosure. [5] Figure 2 is
a schematic section through a portion of the system shown in Figure 1,
according to some embodiments. [6] Figure 3 is a schematic section, through
a magnetic recording medium, according to some alternative embodiments. [7]
Figure 4 is a schematic section, through a magnetic recording medium,
according to some additional embodiments. [8] Figure 5 is a schematic
section, through a magnetic recording medium, according to yet further
embodiments. DETAILED DESCRIPTION 



[9] The following detailed description is exemplary in nature and is not
intended to limit the scope, applicability, or configuration of the
invention in any way. Rather, the following description provides practical
illustrations for implementing exemplary embodiments.  [10] Figure 1 is a
plan view of a data storage system 10, which incorporates a magnetic
recording medium 100 in accordance with some embodiments of the present
disclosure. Figure 1 illustrates system 10 further including a magnetic
read/write head 120, for example, as is known to those skilled in the art,
that includes an inductive writing element 12, which is shown, in Figure 2,
generating a magnetic field H for recording. [11] Figure 2 is a schematic
section through a portion of system 10, according to some embodiments.
Figure 2 illustrates a non-magnetic protective layer 26 (e.g. carbon, Ru,
Cr) of medium 100 overlaying a recording layer of medium 100, which
recording layer includes a plurality of bit-patterned magnetic islands 110,
or bits, overlaying a soft magnetic under layer 24 of medium 100; each
magnetic island 110 includes a first magnetic sub-layer 201 and a second
magnetic sub-layer 202, and the recording layer further includes a
continuous third sub-layer 203, which extends to connect islands 110.
Figure 2 further illustrates an optional cohesive layer 22 (e.g. Ta, Cr,
CrTa, Ti) extending between soft magnetic under layer 24 and a non-magnetic
substrate 20 (e.g. glass). [12] According to some embodiments, first
magnetic sub-layer 201 has a magnetic anisotropy that is greater than that
of second magnetic sub-layer 202, and third sub-layer 203 forms an
interlayer between first magnetic sub-layer 201 and soft magnetic
under-layer 24, which interlayer has a structure to help produce the
greater magnetic anisotropy of first sub-layer 201. A thickness of
continuous sub-layer 203, as the interlayer, may be between approximately
0.3 rim and approximately 30 nm. If first magnetic sub-layer 201 is
comprised of a hexagonal close-packed (hcp) CoPt, a rare earth Co5, or a
multi-layer Co/(Pt, Pd) face-centered cubic (fcc), third sub-layer 203, as
the interlayer, may be at least one of: a fcc Ni alloy, a hcp Co alloy, a
hcp Ti alloy, a hcp Ru alloy, a fcc Cu, a fcc Ag, a fcc Pt, a fcc Au, and a
fcc Pd...The embodiment wherein the fcc Ni alloy forms third sub-layer 203
preferably consists of Ni and at least one of: Cr (up to 25 at. %). Mo (up
to 12 at. %), W (up to 12 at. %), Ir (up to 100 at. %), Ru (up to 30 at.
%), Re (up to 15 at. %), Fe (up to 60 at. %), and Co (up to 100 at. %). The
embodiment wherein the hcp Co alloy forms third sub-layer 203 preferably
consists of Co and at least one of: Pt, Pd, Ru, Re, Cr, Ta, Ni and Ir. The
embodiment wherein the hcp Ti alloy forms third sub-layer 203 preferably
consist of Ti and at least one of: Co, Ru, Re, Ir and Cr. The embodiment
wherein the hcp Ru alloy forms third tub-layer 203 preferably consists of
Ru and at least one of: Cr (up to 50 at. %), Re (up to 100 at. %) and Ir
(up to 100 at. %). If first magnetic sub-layer 201 is L10(Co, Fe)(Pt,
Pd)-based, third sub-layer 203, as the interlayer, may be at least one of:
MgO, CoO, FeO, NiO, RuAl and CrRu. Soft magnetic under-layer 24 may be
amorphous or crystalline and either composed of a single layer,
anti-ferromagnetically coupled magnetic sub-layers, or a an 



antiferromagnetic sub-layer in combination with a ferromagnetic sub-layer.
[13] According to some embodiments, continuous third sub-layer 203 is
magnetic, connects all magnetic islands 110 of medium 100, and has a
magnetic anisotropy that is less than that of second sub-layer 202 of each
of islands 110, to reduce a demagnetization field; and likewise for islands
210 shown in Figure 3. Figure 3 is a schematic section, through a magnetic
recording medium 200, according to some alternative embodiments. Figure 3
illustrates a recording layer of medium 200 includin4'magnetic islands 210,
wherein each first sub-layer  201, which has a magnetic anisotropy greater
than that of each second sub-layer  202, overlays the corresponding second
sub-layer 202, which overlays continuous third sub-layer 203. It should be
noted that, throughout the detailed description, for each embodiment, first
magnetic sub-layer 201 should be considered to have a higher magnetic
anisotropy than that of second magnetic sub-layer 202. [14] Figure 4 is a
schematic section, through a magnetic recording medium 400, according to
some additional embodiments. Figure 4 illustrates each magnetic island 410
of a recording layer of medium 400 configured such that each first magnetic
sub-layer 201 overlays an interlayer 204, which may be formed similar to
any of the interlayer embodiments of third sub-layer 203, which were
described in conjunction with Figure 2. Figure 4 further illustrates
continuous  third sub-layer 203, which is the magnetic embodiment described
in the preceding paragraph, overlaying each second magnetic sub-layer 202,
thereby connecting each island 410 and reducing the demagnetization field.
According to 



alternate embodiments, an arrangement of sub-layers 201 and 202 may be
switched, such that second sub-layer 202 interfaces with interlayer 204.
With further reference to Figure 4, it should be noted that non-magnetic
material 26', for example, similar to that which forms protective layer 26
is interposed between islands 410. [15] Figure 5 is a schematic section,
through a magnetic recording medium 500, according to yet further
embodiments. Figure 5 illustrates each magnetic island 510 of a recording
layer of medium 500 configured such that each first magnetic sub-layer 201
overlays interlayer 204, as in Figure 4. Figure 5 further illustrates
continuous third magnetic sub-layer 203 both overlaying each second
magnetic sub-layer 202 and extending alongside each of islands 510 to
interface with interlayer at locations therebetween. According to alternate
embodiments, an arrangement of sub-layers 201 and 202 may be switched, such
that second sub-layer 202 interfaces with interlayer 204. [16] According to
some preferred embodiments, of any of the configurations described above,
in conjunction with Figures 1-5, the greater magnetic anisotropy of first
sub-layer 201 is constant, while the lower magnetic anisotropy of second
sub-layer 202 varies across a thickness thereof, either from a maximum, at
a side thereof that interfaces with first sub-layer 201, to a minimum at an
opposite side thereof, or visa-versa. It should be noted that the maximum
magnetic anisotropy, of the thickness-varying anisotropy of sub-layer 202,
is always less than the magnetic anisotropy of first sub-layer 201.
According to further embodiments, of any of the configurations described
above, in conjunction with Figures 1-5, the magnetic anisotropy of both
sub-layers 201, 202 is constant across a thickness thereof, and a
saturation magnetization of first sub-layer 201 is less than that of second
sub-layer 202.  [17) In the foregoing detailed description, embodiments of
the disclosure have been described. These implementations, as well as
others, are within the scope of the appended claims.  We claim:  1. A
magnetic recording medium comprising: 



a non-magnetic substrate; a soft magnetic under-layer overlaying the
substrate; and a magnetic recording layer comprising a plurality of
bit-patterned magnetic islands, each of the plurality of islands overlaying
the soft magnetic under-layer and each island comprising a first magnetic
sub-layer adjacent a second magnetic sub-layer, the recording layer further
comprising a continuous third magnetic sub-layer extending to connect each
of the plurality of islands; wherein the first sub-layer of each of the
magnetic islands of the magnetic recording layer has a magnetic anisotropy
that is greater than a magnetic anisotropy of the second sub-layer of each
of the magnetic islands; and the magnetic anisotropy of the second
sub-layer of each of the magnetic islands is greater than a magnetic
anisotropy of the continuous third sub-layer of the magnetic recording
layer.  2. The medium of claim 1, wherein the first sub-layer of each of
the magnetic islands of the magnetic recording layer overlays the
corresponding second sub-layer of each of the magnetic islands. 3. The
medium of claim 2, wherein the continuous third sub-layer of the magnetic
recording layer extends between the second sub-layer of each of the
magnetic islands of the magnetic recording layer and the soft magnetic
under-layer. 4. The medium of claim 2, wherein the continuous third
sub-layer of the magnetic recording layer overlays the first sub-layer of
each of the magnetic islands of the magnetic recording layer. 



5. The medium of claim 1, wherein the first sub-layer of each of the
magnetic islands of the magnetic recording layer has a saturation
magnetization less than a saturation magnetization of the second sub-layer
of each of the magnetic islands.  6. The medium of claim 1, wherein the
magnetic anisotropy of the second sub-layer of each of the plurality of
magnetic islands of the magnetic recording layer varies across a thickness
of the second sub-layer.  7. The medium of claim 6, wherein the
thickness-varying magnetic anisotropy of the second sub-layer of each of
the plurality of magnetic islands is at a maximum at least at an interface
with the corresponding first sub-layer of each of the magnetic islands.  8.
The medium of claim 6, wherein the thickness-varying magnetic anisotropy of
the second sub-layer of each of the plurality of magnetic islands is at a
minimum at least at an interface with the corresponding first sub-layer of
each of the magnetic islands.  9. The medium of claim 1, wherein the second
sub-layer of each of the magnetic islands of the magnetic recording layer
overlays the corresponding first sub-layer of each of the magnetic islands.
10. The medium of claim 9, wherein: the continuous third sub-layer of the
magnetic recording layer overlays the second 



sub-layer of each of the magnetic islands of the magnetic recording layer;
and the recording layer further comprises a continuous interlayer extending
between the first sub-layer of each of the magnetic islands of the magnetic
recording layer and the soft magnetic under-layer.  11. The medium of claim
10, wherein the continuous interlayer has a thickness between approximately
0.3 nm and 30 nm.   12. The medium of claim 10, wherein the continuous
interlayer comprises at least one of: a face-centered cubic Ni alloy, a
hexagonal close-packed Co alloy, a hexagonal close-packed Ti alloy, a
hexagonal close-packed Ru alloy, a face-centered cubic Cu, a face-centered
cubic Ag, a face-centered cubic Pt, a face-centered cubic Au and a
face-centered cubic Pd.  13. The medium of claim 10, wherein the continuous
interlayer comprises at least one of: MgO, COO, FeO, NiO, RuAl and CrRu. 



14 A magnetic recording medium comprising: a non-magnetic substrate; a soft
magnetic under-layer overlaying the substrate; and a magnetic recording
layer comprising a plurality of bit-patterned magnetic islands, each island
of the plurality of. islands overlaying the soft magnetic under-layer and
each comprising a first magnetic sub-layer adjacent a second magnetic
sub-layer, the recording layer further comprising a continuous third
sub-layer extending between to connect each of the plurality of islands;
wherein the second sub-layer of each of the magnetic islands overlays the
corresponding first sub-layer of each of the magnetic islands, and the
first sub-layer of each of the magnetic islands overlays the continuous
third sub-layer of the recording layer and has a magnetic anisotropy that
is greater than a magnetic anisotropy of the second sub-layer of each of
the magnetic islands; and the continuous third sub-layer overlays the soft
magnetic under-layer to form an interlayer having a structure to help to
produce the greater magnetic anisotropy of first magnetic sub-layer. 15.
The medium of claim 14, wherein the continuous third sub-layer has a
thickness between approximately 0.3 nm and 30 nm.  



16. The medium of claim 14, wherein the continuous third sub-layer
comprises at least one of: a face-centered cubic Ni alloy, a hexagonal
close-packed Co alloy, a hexagonal close-packed Ti alloy, a hexagonal
close-packed Ru alloy, a face-centered cubic Cu, a face-centered cubic Ag,
a face-centered cubic Pt, a face-centered cubic Au and a face-centered
cubic Pd.  17. The medium of claim 14, wherein the continuous third
sub-layer comprises at least one of: MgO, CoO, Fe0, NiO, RuAl and CrRu.
18. The medium of claim 14, wherein the first sub-layer of each of the
magnetic islands of the magnetic recording layer has a saturation
magnetization less than a saturation magnetization of the second sub-layer
of each of the magnetic islands.  19. The medium of claim 14, wherein the
magnetic anisotropy of the second sub-layer of each of the plurality of
magnetic islands of the magnetic recording layer varies across a thickness
of the second sub-layer.  20. The medium of claim 19, wherein the
thickness-varying magnetic anisotropy of the second sub-layer of each of
the magnetic islands is at a maximum at an interface with the corresponding
first sub-layer of each of the magnetic islands.  21. The medium of claim
19, wherein the thickness-varying magnetic anisotropy of the second
sub-layer of each of the magnetic islands is least at a minimum at an
interface with the corresponding first sub-layer of each of the magnetic
islands.   22. A magnetic recording medium comprising: 



a non-magnetic substrate; a soft magnetic under-layer overlaying the
substrate; and a magnetic recording layer comprising a plurality of
bit-patterned magnetic islands, each of the plurality of islands overlaying
the soft magnetic under-layer and each island comprising a first magnetic
sub-layer overlaid by a second magnetic sub-layer, the recording layer
further comprising a continuous interlayer, extending between the first
sub-layer of each of the magnetic islands, and a continuous third magnetic
sub-layer, extending to connect each of the plurality of islands and
overlaying the second sub-layer of each of the magnetic islands; wherein
the first sub-layer of each of the magnetic islands of the magnetic
recording layer has a magnetic anisotropy that is greater than a magnetic
anisotropy of the second sub-layer of each of the magnetic islands; and the
magnetic anisotropy of the second sub-layer of each of the magnetic islands
of the magnetic recording layer varies across a thickness of the second
sub-layer and is always greater than a magnetic anisotropy of the
continuous third sub-layer of the magnetic recording layer.  23. The medium
of claim 22, wherein the thickness-varying magnetic anisotropy of the
second sub-layer of each of the plurality of magnetic islands is at a
maximum at least at an interface with the corresponding first sub-layer of
each of the magnetic islands.  24. The medium of claim 22, wherein the
thickness-varying magnetic anisotropy of the second sub-layer of each of
the plurality of magnetic islands is at a minimum at least at an interface
with the corresponding first sub-layer of each of the magnetic islands. 


