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(57) ABSTRACT

Various apparatuses, systems, methods, and media are dis-
closed to provide a heat-assisted magnetic recording
(HAMR) medium. The HAMR medium includes a substrate,
a heat sink layer on the substrate, and a plurality of magnetic
recording layers on the heat sink layer. The plurality of
magnetic recording layers includes a first magnetic layer and
a second magnetic layer disposed on the first magnetic layer.
The second magnetic layer includes FePt—Ag—Cu—X,
wherein X is a segregant comprising BN. The HAMR
medium can use BN-based segregants to improve a thermal
gradient of the HAMR medium for better areal density
capability (ADC) and enable the use of a MgO underlayer
with reduced thickness.
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MEDIA STRUCTURE WITH SELECTED
SEGREGANTS CONFIGURED TO IMPROVE
HEAT-ASSISTED MAGNETIC RECORDING

FIELD

[0001] The disclosure relates, in some aspects, to magnetic
recording media for use with heat-assisted magnetic record-
ing, and more particularly, to a media structure with selected
segregants configured to improve heat-assisted magnetic
recording (HAMR).

INTRODUCTION

[0002] Magnetic storage systems, such as a hard disk drive
(HDD), are utilized in a wide variety of devices in both
stationary and mobile computing environments. Examples
of devices that incorporate magnetic storage systems include
desktop computers, portable notebook computers, portable
hard disk drives, digital versatile disc (DVD) players, high
definition television (HDTV) receivers, vehicle control sys-
tems, cellular or mobile telephones, television set-top boxes,
digital cameras, digital video cameras, video game consoles,
network storage systems, and portable media players.
[0003] A typical disk drive includes magnetic storage
media in the form of one or more flat disks. The disks are
generally formed of two main substances, namely, a sub-
strate material that gives it structure and rigidity, and a
magnetic media coating that holds the magnetic impulses or
moments that represent data in a recording layer within the
coating. The typical disk drive also includes a read head and
a write head, generally in the form of a magnetic transducer
which can sense and/or change the magnetic fields stored on
the recording layer of the media.

[0004] Energy-assistant magnetic recording (EAMR) sys-
tems can increase the areal density of information recorded
magnetically on various magnetic media. To achieve higher
areal density for magnetic storage, smaller magnetic grain
size (e.g., less than 6 nm) media may be used. Heat-assisted
magnetic recording (HAMR) is an example of EAMR. In
HAMR, high temperatures are applied to the recording
media during writing to facilitate recording to small mag-
netic grains. In some examples, one or more magnetic layers
of a HAMR medium can contain segregation materials (e.g.,
carbon) and an underlayer. The thickness of the underlayer
(e.g., a MgO layer) can affect media thermal gradient and
magnetic film growth.

SUMMARY

[0005] The following presents a simplified summary of
some aspects of the disclosure to provide a basic under-
standing of such aspects. This summary is not an extensive
overview of all contemplated features of the disclosure, and
is intended neither to identify key or critical elements of all
aspects of the disclosure nor to delineate the scope of any or
all aspects of the disclosure. Its sole purpose is to present
various concepts of some aspects of the disclosure in a
simplified form as a prelude to the more detailed description
that is presented later.

[0006] In one embodiment, a magnetic recording medium
includes a substrate, a heat sink layer on the substrate, and
a plurality of magnetic recording layers on the heat sink
layer. The plurality of magnetic recording layers includes a
first magnetic layer and a second magnetic layer disposed on
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the first magnetic layer. The second magnetic layer includes
FePt—Ag—Cu—X, wherein X is a segregant including BN.

[0007] In one embodiment, a data storage device includes
the magnetic recording medium, and a write head configured
to write data to the magnetic recording medium, and the
write head includes a near field transducer (NFT).

[0008] In one embodiment, a method for manufacturing a
magnetic recording medium is provided. The method
includes providing a substrate and providing a heat sink
layer on the substrate. The method further includes provid-
ing a plurality of magnetic recording layers on the heat sink
layer. The plurality of magnetic recording layers includes a
first magnetic layer and a second magnetic layer disposed on
the first magnetic layer. The second magnetic layer includes
FePt—Ag—Cu—X, wherein X is a segregant comprising
BN.

[0009] In one embodiment, a magnetic recording medium
includes a substrate, a heat sink layer on the substrate, and
a plurality of magnetic recording layers on the heat sink
layer. The plurality of magnetic recording layers include a
first magnetic layer and a second magnetic layer disposed on
the first magnetic layer. The second magnetic layer includes
FePt—Ag—Cu—X, wherein X is a segregant comprising
B4C.

[0010] These and other aspects of the disclosure will
become more fully understood upon a review of the detailed
description, which follows. Other aspects, features, and
implementations of the disclosure will become apparent to
those of ordinary skill in the art, upon reviewing the fol-
lowing description of specific implementations of the dis-
closure in conjunction with the accompanying figures.
While features of the disclosure may be discussed relative to
certain implementations and figures below, all implementa-
tions of the disclosure can include one or more of the
advantageous features discussed herein. In other words,
while one or more implementations may be discussed as
having certain advantageous features, one or more of such
features may also be used in accordance with the various
implementations of the disclosure discussed herein. In a
similar fashion, while certain implementations may be dis-
cussed below as device, system, or method implementations,
it should be understood that such implementations can be
implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more particular description is included below
with reference to specific aspects illustrated in the appended
drawings. Understanding that these drawings depict only
certain aspects of the disclosure and are not therefore to be
considered to be limiting of its scope, the disclosure is
described and explained with additional specificity and
detail through the use of the accompanying drawings, in
which:

[0012] FIG. 1 is a top schematic view of a disk drive
configured for energy-assisted magnetic recording (EAMR)
including a slider and an EAMR medium in accordance with
one aspect of the disclosure.

[0013] FIG. 2 is a side schematic view of the slider and
EAMR medium of FIG. 1 in accordance with one aspect of
the present.

[0014] FIG. 3 is a side schematic view of a HAMR
medium in accordance with one aspect of the disclosure.
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[0015] FIG. 4 is a chart of thermal gradient test results of
exemplary HAMR media and a control medium in accor-
dance with some aspects of the disclosure.

[0016] FIG. 5 is a chart of laser power test results of
exemplary HAMR media and a control medium in accor-
dance with some aspects of the disclosure.

[0017] FIGS. 6 and 7 are charts of signal-to-noise ratio
(SNR) performance of the exemplary HAMR media and the
control medium.

[0018] FIG. 8 is a flowchart of a process for fabricating a
HAMR medium in accordance with some aspects of the
disclosure.

[0019] FIG. 9 is a drawing illustrating a sputtering appa-
ratus for fabricating the HAMR medium of FIG. 3.

DETAILED DESCRIPTION

[0020] In the following detailed description, reference is
made to the accompanying drawings, which form a part
thereof. In addition to the illustrative aspects, aspects, and
features described above, further aspects, aspects, and fea-
tures will become apparent by reference to the drawings and
the following detailed description. The description of ele-
ments in each figure may refer to elements of proceeding
figures. Like numbers may refer to like elements in the
figures, including alternate aspects of like elements.
[0021] The disclosure relates in some aspects to various
apparatuses, systems, methods, and media for providing
magnetic recording media that may be used for, e.g., heat-
assisted magnetic recording (HAMR). In some aspects, a
HAMR medium has a magnetic layer design that can
achieve high areal density using a BN-based segregant in a
magnetic layer. In some embodiments, the HAMR medium
has multiple magnetic recording layers, and at least one of
the magnetic recording layers uses a BN-based segregant. To
achieve higher areal density, the thickness of a MgO under-
layer or seed layer needs to be reduced in order to increase
the thermal gradient of the media. However, the underlayer
or seed layer also needs to have sufficient thickness for
proper magnetic film growth. In some embodiments, the
HAMR medium has a bilayer underlayer (e.g., MgO/MgO-
TiO underlayer) with a thickness designed to provide an
effective thermal gradient for high areal density and proper
magnetic grain growth.

[0022] FIG. 1 is a top schematic view of a data storage
device 100 (e.g., disk drive or magnetic recording device)
configured for energy-assisted magnetic recording (EAMR)
comprising a slider 108 and a magnetic recording medium
102 according to one or more aspects of the disclosure. The
magnetic recording medium 102 has a magnetic layer design
that can use BN-based segregants. For simplicity of illus-
tration, the various embodiments of magnetic recording
medium will be described in this disclosure as usable for
heat-assisted magnetic recording (HAMR), though they are
not limited to HAMR or EAMR only and can be used for
non-EAMR type magnetic recording. A laser (not visible in
FIG. 1 but see 114 in FIG. 2) is positioned with a head/slider
108. Disk drive 100 may include one or more disks/media
102 to store data. Disk/medium 102 resides on a spindle
assembly 104 that is mounted to a drive housing 106. Data
may be stored along tracks in the magnetic recording layer
of disk 102. The reading and writing of data is accomplished
with the head 108 (slider) that may have both read and write
elements (108a and 1085). The write element 108 a is used
to alter the properties of the magnetic recording layer of disk
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102 and thereby write information thereto. In one aspect,
head 108 may have magneto-resistive (MR) based elements,
such as tunnel magneto-resistive (TMR) elements for read-
ing, and a write pole with coils that can be energized for
writing. In operation, a spindle motor (not shown) rotates the
spindle assembly 104, and thereby rotates the disk 102 to
position the head 108 at a particular location along a desired
disk track 107. The position of the head 108 relative to the
disk 102 may be controlled by the control circuitry 110 (e.g.,
a microcontroller). It is noted that while an example HAMR
system is shown, the various embodiments described may be
used in other EAMR or non-EAMR magnetic data recording
systems, including perpendicular magnetic recording (PMR)
disk drives.

[0023] FIG. 2 is a side schematic view of the slider 108
and magnetic recording medium 102 of FIG. 1. The mag-
netic recording medium 102 may have one or more layers
(e.g., media shown in FIG. 3) that include a magnetic
recording layer using BN-based segregants in accordance
with one or more aspects of the disclosure. The slider 108
may include a sub-mount 112 attached to a top surface of the
slider 108. The laser 114 may be attached to the sub-mount
112, and possibly to the slider 108. The slider 108 comprises
a write element (e.g., writer) 1084 and a read element (e.g.,
reader) 1084 positioned along an air bearing surface (ABS)
108¢ of the slider for writing information to, and reading
information from, respectively, the magnetic recording
medium 102.

[0024] In operation, the laser 114 is configured to generate
and direct light energy to a waveguide (e.g., along the
dashed line) in the slider which directs the light to a near
field transducer (NFT) 122 near the air bearing surface (e.g.,
bottom surface) 108¢ of the slider 108. Upon receiving the
light from the laser 114 via the waveguide, the NFT 122
generates localized heat energy that heats a portion of the
media 102 within or near the write element 1084, and near
the read element 1085. The anticipated recording tempera-
ture can be in the range of about 350° C. to 400° C. In the
aspect illustrated in FIG. 2, the laser-directed light is dis-
posed within the writer 1084 and near a trailing edge of the
slider. In other aspects, the laser-directed light may instead
be positioned between the writer 1084 and the reader 1085.
FIGS. 1 and 2 illustrate a specific example of a HAMR
system. In other examples, the magnetic recording medium
102 according to aspects of the disclosure can be used in
other suitable HAMR systems (e.g., with other sliders con-
figured for HAMR).

[0025] Some aspects of the disclosure provide a HAMR
medium and a method of fabricating the HAMR medium
with a magnetic recording layer using BN-based segregants.
In some aspects, one or more magnetic recording layers of
the HAMR medium can use BN-based segregants that can
improve a thermal gradient of the HAMR medium for better
areal density capability (ADC) and enable the use of a MgO
underlayer with reduced thickness.

[0026] FIG. 3 is a side schematic view of a HAMR
medium 300 using BN-based segregants in accordance with
some aspects of the disclosure. The HAMR medium 300 has
a stacked structure with a substrate 302 at a bottom/base
layer, an adhesion layer 304 on the substrate 302, a soft
underlayer (SUL) 306 on the adhesion layer 304, a seed
layer 308 on the SUL 306, a heat sink layer 310 on the seed
layer 308, a thermal resistance layer (TRL) 312 on the heat
sink layer 310, an underlayer structure 314 on the TRL 312.
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In one example, the underlayer structure 314 may include a
first underlayer (e.g., MgOTiO (MTO) layer 316) on the
TRL 312, and a second underlayer (e.g., MgO layer 318) on
the first underlayer (MTO 316). In some embodiments, the
underlayer 314 structure may be replaced with the MTO
layer 316 without a MgO layer. In some examples, the MTO
layer 316 may have a thickness between about 1.3 nanome-
ters (nm) and about 3.5 nm. In some examples, the MgO
layer 318 may have a thickness between about 1.1 nm and
about 2.3 nm (e.g., about 1.7 nm). The HAMR medium 300
further includes a multi-layer magnetic recording layer
(MRL) structure 320 on the underlayer structure 314, a
capping layer 322 on the MRL structure 320, and an
overcoat layer 324 on the capping layer 322. In some
examples, the HAMR medium 300 can have a lubricant
layer 326 on the overcoat layer 324. In some aspects, one or
more layers (e.g., underlayer structure 314 and MRL struc-
ture 320) of the HAMR medium 300 can be deposited (e.g.,
sputtering) using a reactive gas.

[0027] In some aspects, the substrate 302 may be made of
one or more materials such as an Al alloy, NiP plated Al,
glass, glass ceramic, combinations thereof, and/or other
suitable materials known in the art. In some aspects, the
adhesion layer 304 may be made of NiTa and/or other
suitable materials known in the art. In some aspects, the SUL
306 may have a high permeability, high saturation magne-
tization, and low coercivity such as NiFe, CoNbB, FeAlSi,
CoFeB, FeTaN, FeTaC, and CoFe, or other suitable mate-
rials known in the art. In some aspects, the seed layer 308
may be made of RuAl and/or other suitable materials known
in the art.

[0028] In some aspects, the heat sink layer 310 may be
made of one or more materials such as Ag, Al, Au, Cu, Cr,
Mo, Ru, W, CuZr, MoCu, AgPd, CrRu, CrV, CrW, CrMo,
CrNd, NiAl, NiTa, combinations thereof, and/or other suit-
able materials known in the art. In some aspects, the thermal
resistance layer 312 can be made of RuAl, RuAlCrO2,
and/or other suitable materials known in the art. In one
example, the thermal resistance layer 312 may have a
thickness of about 2 nm.

[0029] As illustrated, the MRL structure 320 includes four
magnetic recording layers (MAG0, MAG1, MAG 2, MAG
3). In some examples, these sub-layers or magnetic record-
ing layers of the MRL structure 320 may be made of FePt
or an alloy selected from FePtX, where X can be a material
selected from Ag, Cu, and combinations thereof. In some
aspects, the sub-layers of the MRL structure 320 may be
made of a CoPtX alloy, where X can be a material selected
from Ag, Cu, and combinations thereof. In some examples,
each of the sub-layers of the MRL structure 320 may have
a predetermined thickness, granular structure, small grain
size, desired uniformity, high coercivity, high magnetic flux,
and good atomic ordering, as would be appropriate for
HAMR media. Other additive elements may be added to the
aforementioned MRL structure 320 including, e.g., Au or Ni.
In other embodiments, there may be different numbers of
MRL other than four in MRL structure 320.

[0030] In some embodiments, the sub-layers or magnetic
layers of the MRL structure 320 can be different in their
compositions, thicknesses, and/or segregants. In one
example, the MRL structure 320 may include a first mag-
netic recording layer 328 (sub-layer MAGO), a second
magnetic recording layer 330 (sub-layer MAG1) on MAGO,
a third magnetic recording layer 332 (sub-layer MAG2) on
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MAGI, and a fourth magnetic recording layer 334 (sub-
layer MAG3) on MAG2. In one example, MAG1 may have
a thickness greater than MAGO. In other examples, the MRL
structure 320 may have more than or less than four magnetic
recording sub-layers. In one embodiment, MAG1 (second
magnetic recording layer 330) may include FePt—Ag—
Cu—X. In some examples, X can be a magnetic grain
segregant including BN or a combination of BN and C. In
some examples, X can include B4C. The use of BN segre-
gants (e.g., in sub-layer MAG1) allows the thickness of the
underlayer (e.g., MgO underlayer 318) to be reduced which
can lead to an increased thermal gradient, as compared to a
HAMR medium that does not use BN (or B4C) as a
segregant in an otherwise identical MRL structure (e.g.,
identical other than the use of a non-BN segregant). While
not bound by any theory, it is believed that BN when used
in the second magnetic recording layer (MAG1) may react
with Ti (e.g., from an MTO underlayer) that escaped from a
lower MTO layer to form TiN, instead of affecting the FePt
of the magnetic layer. Otherwise, using B alone may react
with FePt (e.g., forming FeB) and thereby reduce the record-
ing performance of the magnetic layers. In various embodi-
ments, MAG1 may have various compositions of Fe, Pt, Ag,
Cu, C, and BN. The use of BN as segregants in the MRL
structure 320 (e.g., in MAG1) enables a reduction of the
thickness of the MgO layer 318 such that the thermal
gradient and ADC of the medium 300 can be improved while
without significantly affecting magnetic film growth on the
underlayer structure 314 (e.g., on MgO layer 318).

[0031] In one embodiment, MAG1 may have between
about 34 mol % and about 42 mol % of BN. In some
examples, MAG1 may have between about 0 mol % and
about 10 mol % of C. In some examples, other magnetic
recording layers (e.g., MAG0, MAG2, and/or MAG3) can
have the same or different segregants such as Ag, SiO2, C,
BN, combinations thereof, and/or other suitable materials
known in the art. In some examples, MAG0 may not include
a BN segregant. In one embodiment, MAG1 can have a
composition including FePtAgCu-10C-34BN. In one
embodiment, MAG1 can have a composition including
FePtAgCu-5C-37.4BN. In one embodiment, MAG1 can
have a composition including FePtAgCu-41BN. In one
embodiment, MAG1 has a BN-based segregant without
carbon (C).

[0032] In some aspects, the capping layer 322 may be
made of Co, Pt, Pd, combinations thereof, and/or other
suitable materials known in the art. In one example, the
capping layer 322 can be a bi-layer structure having a top
layer including Co and a bottom layer including Pt or Pd. In
addition to the Co/Pt and Co/Pd combinations of the top
layer and the bottom layer, specific combinations of the top
layer materials and the bottom layer materials may include,
for example, Co/Au, Co/Ag, Co/Al, Co/Cu, Co/Ir, Co/Mo,
Co/Ni, Co/Os, Co/Ru, Co/Ti, Co/V, Fe/Ag, Fe/Au, Fe/Cu,
Fe/Mo, Fe/Pd, Ni/Au, Ni/Cu, Ni/Mo, Ni/Pd, Ni/Re, etc. In
additional examples, top layer materials and bottom layer
materials include any combination of Pt and Pd (e.g.,
alloys), or any of the following elements, alone or in
combination: Au, Ag, Al, Cu, Ir, Mo, Ni, Os, Ru, Ti, V, Fe,
Re, and the like. In some aspects, the overcoat layer 324 may
be made of carbon. In one aspect, the lubricant layer 326
may be made of a polymer-based lubricant.

[0033] The terms “above,” “below,” “on,” and “between”
as used herein refer to a relative position of one layer with
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respect to other layers. As such, one layer deposited or
disposed on, above, or below another layer may be directly
in contact with the other layer or may have one or more
intervening layers. Moreover, one layer deposited or dis-
posed between layers may be directly in contact with the
layers or may have one or more intervening layers.

[0034] In some embodiments, the HAMR medium 300
may have a higher areal density (e.g., ADC), comparable or
better signal-to-noise ratio (SNR), and/or improved thermal
gradient than a HAMR medium (control medium) that has a
similar structure but does not use BN-based segregants in a
magnetic recording layer (e.g., MAGI).

[0035] FIG. 4 illustrates the thermal gradient test results of
exemplary HAMR media (e.g., HAMR medium 300) using
BN-based segregants and a control medium. More specifi-
cally, FIG. 4 illustrates a graph of a mean thermal gradient
(Kelvin per nanometer (K/nm)) of the media (vertical axis)
versus a thickness of the MgO underlayer (horizontal axis)
for three HAMR test media and the control medium. In FIG.
4, curves 402, 404, and 406 correspond to the test data of
three different HAMR media using BN-based segregants.
More specifically, curve 406 corresponds to a HAMR
medium using BN-based segregants that was fabricated
without using a reactive gas. Curves 402 and 404 correspond
to two other HAMR media using BN-based segregants that
were fabricated using a reactive gas at different flow rates.
Curve 408 corresponds to the test data of the control medium
that does not use BN-based segregants. In this example, the
HAMR medium (e.g., HAMR medium 300 with BN-based
segregants and fabricated using a reactive gas with the
higher flow rate) corresponding to curve 402 has a greater
thermal gradient as compared to that of the control medium
when the MgO underlayer thickness decreases. The other
HAMR media (e.g., for curves 404 and 406) do not perform
as well as the media of curve 402. A higher thermal gradient
can improve the areal density (e.g., ADC) of HAMR media.
In general, the thermal gradient of HAMR media improves
as the MgO underlayer gets thinner. However, reducing
MgO underlayer thickness can adversely affect the magnetic
performance (e.g., signal-to-noise ratio) of the media. The
disclosed HAMR media with BN-based segregants (in par-
ticular HAMR media with BN-based segregants and fabri-
cated using a reactive gas) enable the use of a thinner MgO
underlayer (or without a MgO underlayer) without signifi-
cantly compromising magnetic performance as illustrated
and described with FIGS. 6 and 7 below.

[0036] FIG. 5 illustrates the laser power test results of the
exemplary HAMR media (e.g., HAMR medium 300) of
FIG. 4. More specifically, FIG. 5 illustrates a graph of a
mean laser power applied to the media (vertical axis (mil-
liampere (mA)), and applied via a slider during a write
operation) versus a thickness of the MgO underlayer (hori-
zontal axis) for the three HAMR test media and control
medium. In FIG. 5, curves 502, 504, and 506 correspond to
the test data of the three different HAMR media using
BN-based segregants. More specifically, curve 506 corre-
sponds to a HAMR medium using BN-based segregants that
was fabricated without using a reactive gas. Curves 502 and
504 correspond to the other two HAMR media with BN-
based segregants that were fabricated using a reactive gas at
different flow rates. Curve 508 corresponds to the test data
of the control medium that does not use BN-based segre-
gants. FIG. 5 shows that when compared to the control
medium, the test HAMR media (e.g., HAMR medium 300
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with BN-based segregants and fabricated using a reactive
gas with the higher flow rate) corresponding to curve 502
has a higher thermal gradient (as shown in FIG. 4) without
significantly increasing laser current (in fact it is decreased)
when the MgO underlayer thickness is about 1 nm or above
(e.g., about 1.3 nm). FIG. 5 further shows that the HAMR
media with BN-based segregants and fabricated using a
reactive gas (e.g., for curves 502 and 504) perform better
than that of curve 506, corresponding to the HAMR medium
using BN-based segregants that was fabricated without
using a reactive gas.

[0037] FIGS. 6 and 7 are charts that illustrate signal-to-
noise ratio (SNR) performance of the exemplary HAMR
media (e.g., HAMR medium 300) and the control medium
of FIGS. 4 and 5. More specifically, FIG. 6 illustrates a
graph of a mean eSNRwrinit of the media (vertical axis)
versus a thickness of the MgO underlayer (horizontal axis)
for the three HAMR test media and the control medium. The
measurement eSNRwrinit refers to a signal-to-noise ratio of
a readback signal localized at the transitions (1 to O or vice
versa) in the recording pattern. In FIG. 6, curves 602, 604,
and 606 correspond to the test data of the three different
HAMR media using BN-based segregants. More specifi-
cally, curve 606 corresponds to the HAMR medium using
BN-based segregants that was fabricated without using a
reactive gas. Curves 602 and 604 correspond to the other
two HAMR media using BN-based segregants that were
fabricated using a reactive gas at different flow rates. Curve
608 corresponds to the test data of the control medium that
does not use BN-based segregants.

[0038] FIG. 7 illustrates a graph of a mean dcSNR of the
media (vertical axis) versus a thickness of the MgO under-
layer (horizontal axis) for the three HAMR test media and
the control medium. The measurement dcSNR refers to a
signal-to-noise ratio of readback signal uniform independent
of the recording pattern. In FIG. 7, curves 702, 704, and 706
correspond to the test data of the three different HAMR
media using BN-based segregants. More specifically, curve
706 corresponds to the HAMR test medium using BN-based
segregants that was fabricated without using a reactive gas.
Curves 702 and 704 correspond to the other two test HAMR
media using BN-based segregants that were fabricated using
a reactive gas at different flow rates. Curve 708 corresponds
to the test data of the control medium that does not use
BN-based segregants.

[0039] As illustrated in FIGS. 6 and 7, the test HAMR
media (e.g., HAMR medium 300 with BN-based segregants
and fabricated using a reactive gas with the higher flow rate)
corresponding to curves 602 and 702 has better SNR per-
formance (e.g., eSSNRwrinit and dcSNR) as compared to that
of the control medium when the MgO underlayer thickness
decreases. The other test HAMR media (e.g., for curves 606
and 706) do not perform as well as that of curves 602, 604,
702, and 704. The SNR performance of the control medium
corresponding to curves 608 and 708 degrades more quickly
than the HAMR media using BN-based segregants as the
thickness of the MgO layer decreases. In one example, the
control medium can use carbon-based segregants in a mag-
netic layer, and the HAMR media can use BN-based seg-
regants in a magnetic recording layer (e.g., MAG1, 330).

[0040] FIG. 8 is a flowchart of a process 800 for fabricat-
ing a HAMR medium with BN-based segregants in accor-
dance with some aspects of the disclosure. In one aspect, the
process 800 can be used or modified to fabricate any of the
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HAMR media described above in relation to FIGS. 3-7. At
802, the process provides a substrate (e.g., deposits suitable
substrate materials). In some aspects, the substrate can be
made of one or more materials such as an Al alloy, NiP
plated Al glass, glass ceramic, combinations thereof, and/or
any suitable materials known in the art.

[0041] At 804, the process 800 further provides a heat sink
layer (e.g., deposits a heat sink layer 310) on the substrate.
In one aspect, the process 800 may further provide an
underlayer (e.g., deposits an underlayer structure 314) on the
heat sink layer. In one example, the underlayer may contain
an MTO underlayer and a MgO underlayer. In one aspect,
the MgO underlayer has a thickness between about 1.1 nm
and about 2.3 nm.

[0042] At 806, the process provides a plurality of mag-
netic recording layers (e.g., deposits two or more magnetic
recording layers) on the heat sink layer. In some aspects, the
process may also provide/deposit an adhesion layer, an SUL,
a seed layer, and/or a thermal resistance layer on the
substrate, before providing/depositing the magnetic record-
ing layers (e.g., MRL structure 320). In one example, the
plurality of magnetic recording layers may include one or
more magnetic recording layers for storing data magneti-
cally. In one embodiment, the plurality of magnetic record-
ing layers include a first magnetic layer (e.g., MAGO, 328)
and a second magnetic layer (e.g., MAG1, 330) disposed on
the first magnetic layer. The second magnetic layer can
include FePt—Ag—Cu—X. Here, X is a segregant includ-
ing BN (e.g., BN-based segregants, a combination of B and
C segregants, etc.). In one embodiment, the second magnetic
layer is directly on the first magnetic layer, the first magnetic
layer is directly on the MgO underlayer, and the MgO
underlayer is directly on the MTO underlayer. The use of the
BN segregant enables the thickness of the MgO underlayer
to be reduced (e.g., up to about 25 percent) as compared to
a HAMR medium with a similar structure that does not
include a BN segregant in the MRL structure.

[0043] In one embodiment, the process can form one or
more layers of the HAMR 300 using sputtering. In one
example, the process can use a reactive sputtering process to
form one or more FePt—Ag—Cu—X magnetic recording
layers. A FePt—Ag—Cu—X target can be reactively sput-
tered with a reactive gas to produce the magnetic recording
layer containing FePt—Ag—Cu—X. In one example, the
reactive sputtering process can be performed using a reac-
tive gas.

[0044] FIG.9is a drawing illustrating a reactive sputtering
apparatus 900 for fabricating a magnetic recording medium
using reactive sputtering in accordance with some aspects of
the disclosure. In one example, the apparatus 900 may be
used to fabricate the HAMR media 300 described above
using the process 800. The apparatus 900 can be used to
deposit a film 902 on a substrate 904. For example, the film
902 may be the FePt—Ag—Cu—X magnetic layer or
MAGI (e.g., FePt—Ag—Cu—C—BN or FePt—Ag—Cu—
BN) described above. In one example, the FePt—Ag—
Cu—X magnetic layer may include FePtAgCu-10C-34B,
FePtAgCu-5C-37.4BN, or FePtAgCu-41BN. In some
embodiments, the FePt—Ag—Cu—X magnetic layer has
between about 34 mole percent (mol %) and about 42 mol
% of BN, inclusive. To that end, a target 906 of the desired
material for forming the film 902 can be used in the
apparatus 900. Inside the apparatus 900, a reactive gas is
introduced into a plasma formed by an inert gas 908 (e.g.,
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argon, xenon, or krypton). The reactive gas is activated by
the plasma and can chemically react with the sputtered target
material 910 which is subsequently deposited as the film 902
on the substrate 904. During the deposition of the film 902,
the substrate 904 and the target 906 can be biased with a
suitable voltage for facilitating the sputtering of the film 902.
[0045] Inone aspect, the process can perform the sequence
of actions in a different order. In another aspect, the process
can skip one or more of the actions. In other aspects, one or
more of the actions are performed simultaneously. In some
aspects, additional actions can be performed.

[0046] Inseveral aspects, the deposition of such layers can
be performed using a variety of deposition sub-processes,
including, but not limited to physical vapor deposition
(PVD), sputter deposition and ion beam deposition, and
chemical vapor deposition (CVD) including plasma-en-
hanced chemical vapor deposition (PECVD), low pressure
chemical vapor deposition (LPCVD) and atomic layer
chemical vapor deposition (ALCVD). In other aspects, other
suitable deposition techniques known in the art may also be
used.

Additional Aspects

[0047] The examples set forth herein are provided to
illustrate certain concepts of the disclosure. The apparatuses,
devices, or components illustrated above may be configured
to perform one or more of the methods, features, or steps
described herein. Those of ordinary skill in the art will
comprehend that these are merely illustrative in nature, and
other examples may fall within the scope of the disclosure
and the appended claims. Based on the teachings herein
those skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any
other aspects and that two or more of these aspects may be
combined in various ways. For example, an apparatus may
be implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, such an
apparatus may be implemented or such a method may be
practiced using other structure, functionality, or structure
and functionality in addition to or other than one or more of
the aspects set forth herein.

[0048] Aspects of the present disclosure have been
described above with reference to schematic flowchart dia-
grams and/or schematic block diagrams of methods, appa-
ratuses, systems, and computer program products according
to aspects of the disclosure. It will be understood that each
block of the schematic flowchart diagrams and/or schematic
block diagrams, and combinations of blocks in the sche-
matic flowchart diagrams and/or schematic block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a computer or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor or other pro-
grammable data processing apparatus, create means for
implementing the functions and/or acts specified in the
schematic flowchart diagrams and/or schematic block dia-
grams block or blocks.

[0049] The subject matter described herein may be imple-
mented in hardware, software, firmware, or any combination
thereof. As such, the terms “function,” “module,” and the
like as used herein may refer to hardware, which may also
include software and/or firmware components, for imple-
menting the feature being described. In one example imple-
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mentation, the subject matter described herein may be
implemented using a computer readable medium having
stored thereon computer executable instructions that when
executed by a computer (e.g., a processor) control the
computer to perform the functionality described herein.
Examples of computer-readable media suitable for imple-
menting the subject matter described herein include non-
transitory computer-readable media, such as disk memory
devices, chip memory devices, programmable logic devices,
and application specific integrated circuits. In addition, a
computer readable medium that implements the subject
matter described herein may be located on a single device or
computing platform or may be distributed across multiple
devices or computing platforms.

[0050] It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the {functionality
involved. Other steps and methods may be conceived that
are equivalent in function, logic, or effect to one or more
blocks, or portions thereof, of the illustrated figures.
Although various arrow types and line types may be
employed in the flowchart and/or block diagrams, they are
understood not to limit the scope of the corresponding
aspects. For instance, an arrow may indicate a waiting or
monitoring period of unspecified duration between enumer-
ated steps of the depicted aspect.

[0051] The various features and processes described
above may be used independently of one another, or may be
combined in various ways. All possible combinations and
sub-combinations are intended to fall within the scope of
this disclosure. In addition, certain method, event, state or
process blocks may be omitted in some implementations.
The methods and processes described herein are also not
limited to any particular sequence, and the blocks or states
relating thereto can be performed in other sequences that are
appropriate. For example, described tasks or events may be
performed in an order other than that specifically disclosed,
or multiple may be combined in a single block or state. The
example tasks or events may be performed in serial, in
parallel, or in some other suitable manner. Tasks or events
may be added to or removed from the disclosed example
aspects. The example systems and components described
herein may be configured differently than described. For
example, elements may be added to, removed from, or
rearranged compared to the disclosed example aspects.
[0052] Those of skill in the art will appreciate that infor-
mation and signals may be represented using any of a variety
of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

[0053] The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any
implementation or aspect described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous
over other aspects of the disclosure. Likewise, the term
“aspects” does not require that all aspects of the disclosure
include the discussed feature, advantage or mode of opera-
tion. The term “coupled” is used herein to refer to the direct
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or indirect coupling between two objects. For example, if
object A physically touches object B, and object B touches
object C, then objects A and C may still be considered
coupled to one another—even if they do not directly physi-
cally touch each other. It is further noted that the term “over”
as used in the present application in the context of one
component located over another component, may be used to
mean a component that is on another component and/or in
another component (e.g., on a surface of a component or
embedded in a component). Thus, for example, a first
component that is over the second component may mean
that (1) the first component is over the second component,
but not directly touching the second component, (2) the first
component is on (e.g., on a surface of) the second compo-
nent, and/or (3) the first component is in (e.g., embedded in)
the second component. The term “about ‘value X’”, or
“approximately value X”, as used in the disclosure shall
mean within 10 percent of the ‘value X’. For example, a
value of about 1 or approximately 1, would mean a value in
a range 0f 0.9-1.1. In the disclosure various ranges in values
may be specified, described and/or claimed. It is noted that
any time a range is specified, described and/or claimed in the
specification and/or claim, it is meant to include the end-
points (at least in one embodiment). In another embodiment,
the range may not include the endpoints of the range.

[0054] While the above descriptions contain many specific
aspects of the invention, these should not be construed as
limitations on the scope of the invention, but rather as
examples of specific aspects thereof. Accordingly, the scope
of the invention should be determined not by the aspects
illustrated, but by the appended claims and their equivalents.
Moreover, reference throughout this specification to “one
aspect,” “an aspect,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the aspect is included in at least one aspect
of the present disclosure. Thus, appearances of the phrases
“in one aspect,” “in an aspect,” and similar language
throughout this specification may, but do not necessarily, all
refer to the same aspect, but mean “one or more but not all
aspects” unless expressly specified otherwise.

[0055] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include
the plural forms as well (i.e., one or more), unless the
context clearly indicates otherwise. An enumerated listing of
items does not imply that any or all of the items are mutually
exclusive and/or mutually inclusive, unless expressly speci-
fied otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes” “including,” “hav-
ing,” an variations thereof when used herein mean “includ-
ing but not limited to” unless expressly specified otherwise.
That is, these terms may specify the presence of stated
features, integers, steps, operations, elements, or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, or groups thereof. Moreover, it is understood
that the word “or” has the same meaning as the Boolean
operator “OR,” that is, it encompasses the possibilities of
“either” and “both” and is not limited to “exclusive or”
(“XOR”), unless expressly stated otherwise. It is also under-
stood that the symbol “/” between two adjacent words has
the same meaning as “or” unless expressly stated otherwise.
Moreover, phrases such as “connected to,” “coupled to” or
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“in communication with” are not limited to direct connec-
tions unless expressly stated otherwise.

[0056] Any reference to an element herein using a desig-
nation such as “first,” “second,” and so forth does not
generally limit the quantity or order of those elements.
Rather, these designations may be used herein as a conve-
nient method of distinguishing between two or more ele-
ments or instances of an element. Thus, a reference to first
and second elements does not mean that only two elements
may be used there or that the first element must precede the
second element in some manner. Also, unless stated other-
wise a set of elements may include one or more elements. In
addition, terminology of the form “at least one of a, b, or ¢”
or “a, b, ¢, or any combination thereof” used in the descrip-
tion or the claims means “a or b or ¢ or any combination of
these elements.” For example, this terminology may include
a,orb,orc,oraandb, oraandc, oraand b and c, or 2a,
or 2b, or 2¢, or 2a and b, and so on.

[0057] As used herein, the term “determining” encom-
passes a wide variety of actions. For example, “determining”
may include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a
database or another data structure), ascertaining, and the
like. Also, “determining” may include receiving (e.g.,
receiving information), accessing (e.g., accessing data in a
memory), and the like. Also, “determining” may include
resolving, selecting, choosing, establishing, and the like.

What is claimed is:

1. A magnetic recording medium comprising:

a substrate;

a heat sink layer on the substrate; and

a plurality of magnetic recording layers on the heat sink
layer, the plurality of magnetic recording layers com-
prising a first magnetic layer and a second magnetic
layer disposed on the first magnetic layer, the second
magnetic layer comprising FePt—Ag—Cu—X,
wherein X is a segregant comprising BN.

2. The magnetic recording medium of claim 1, wherein an
amount of BN in the segregant is between 34 mole percent
(mol %) and 42 mol %, inclusive.

3. The magnetic recording medium of claim 2, wherein an
amount of carbon (C) in the segregant is between 0 mole
percent (mol %) and 10 mol %, inclusive.

4. The magnetic recording medium of claim 1, further
comprising:

a underlayer structure disposed between the plurality of
magnetic recording layers and the heat sink layer,
wherein the underlayer structure comprises:

a first underlayer comprising MgOTiO.

5. The magnetic recording medium of claim 4, wherein
the underlayer structure further comprises a second under-
layer comprising MgO, and the second underlayer is on the
first underlayer; and

wherein the second underlayer has a thickness between
about 1.1 nanometers (nm) and about 2.3 nm.

6. The magnetic recording medium of claim 5, wherein
the second magnetic layer is directly on the first magnetic
layer, the first magnetic layer is directly on the second
underlayer, and the second underlayer is directly on the first
underlayer.

7. The magnetic recording medium of claim 1, wherein
the composition of the second magnetic layer is one of:
FePtAgCu-10C-34BN, FePtAgCu-5C-37.4BN, or
FePtAgCu-41BN.
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8. The magnetic recording medium of claim 1, wherein
the first magnetic layer and the second magnetic layer are
different in respective compositions.

9. The magnetic recording medium of claim 1, wherein
the second magnetic layer has a thickness greater than that
of the first magnetic layer.

10. The magnetic recording medium of claim 1, wherein
the plurality of magnetic recording layers further comprise:

a third magnetic layer disposed on the second magnetic

layer; and

a fourth magnetic layer disposed on the third magnetic

layer,

the first magnetic layer, the second magnetic layer, the

third magnetic layer, and the fourth magnetic layer are
different in respective compositions.

11. The magnetic recording medium of claim 10, wherein:

the first magnetic layer comprises FePt—Ag;

the second magnetic layer comprises FePt—Ag—Cu—

C—BN;

the third magnetic layer comprises FePt—BN—C; and

the fourth magnetic layer comprises FePt—BN—SiO2.

12. A data storage device comprising:

the magnetic recording medium of claim 1; and

a write head configured to write data to the magnetic

recording medium.

13. A method for manufacturing a magnetic recording
medium, the method comprising:

providing a substrate;

providing a heat sink layer on the substrate; and

providing a plurality of magnetic recording layers on the

heat sink layer, the plurality of magnetic recording
layers comprising a first magnetic layer and a second
magnetic layer disposed on the first magnetic layer, the
second magnetic layer comprising FePt—Ag—Cu—X,
wherein X is a segregant comprising BN.

14. The method of claim 13, wherein an amount of BN in
the segregant is between 34 mole percent (mol %) and 42
mol %, inclusive.

15. The method of claim 14, wherein an amount of carbon
(C) in the segregant is between 0 mol % and 10 mol %,
inclusive.

16. The method of claim 13, further comprising:

providing a underlayer structure disposed between the

plurality of magnetic recording layers and the heat sink
layer, wherein the underlayer structure comprises:
a first underlayer comprising MgOTiO.

17. The method of claim 16, wherein the underlayer
structure further comprises a second underlayer on the first
underlayer, the second underlayer comprising MgO; and

wherein the second underlayer has a thickness between

about 1.1 nanometers (nm) and about 2.3 nm.

18. The method of claim 17, wherein the second magnetic
layer is directly on the first magnetic layer, the first magnetic
layer is directly on the second underlayer, and the second
underlayer is directly on the first underlayer.

19. The method of claim 13, wherein the composition of
the second magnetic layer is one of: FePtAgCu-10C-34BN,
FePtAgCu-5C-37.4BN, or FePtAgCu-41BN.

20. The method of claim 13, wherein the first magnetic
layer and the second magnetic layer are different in respec-
tive compositions.

21. The method of claim 13, wherein the second magnetic
layer has a thickness greater than that of the first magnetic
layer.
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22. The method of claim 13, wherein the providing the
plurality of magnetic recording layers further comprises:

depositing a third magnetic layer on the second magnetic
layer; and

depositing a fourth magnetic layer on the third magnetic
layer,

the first magnetic layer, the second magnetic layer, the
third magnetic layer, and the fourth magnetic layer are
different in respective compositions.

23. A magnetic recording medium comprising:

a substrate;

a heat sink layer on the substrate; and

a plurality of magnetic recording layers on the heat sink
layer, the plurality of magnetic recording layers com-
prising a first magnetic layer and a second magnetic
layer disposed on the first magnetic layer, the second
magnetic layer comprising FePt—Ag—Cu—X,
wherein X is a segregant comprising B4C.
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