wo 20237249703 A1 |0 0000 AP0 0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
28 December 2023 (28.12.2023)

‘O 000 0 O 0 O 0
(10) International Publication Number

WO 2023/249703 Al

WIPO I PCT

(51) International Patent Classification:
G11B 5/31 (2006.01) G11B 5/00 (2006.01)
G11B 5/127 (2006.01)

(21) International Application Number:
PCT/US2023/020945

(22) International Filing Date:
04 May 2023 (04.05.2023)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
17/845,797 21 June 2022 (21.06.2022) UsS
(71) Applicant: WESTERN DIGITAL TECHNOLOGIES,
INC. [US/US]; 5601 Great Oaks Parkway, San Jose, Cali-
fornia 95119 (US).
(72) Inventors: FREITAG, James Mac; c/o Western Digital

Technologies, Inc., 5601 Great Oaks Parkway, San Jose,
California 95119 (US). OKAMURA, Susumu; C/O West-
ern Digital Technologies, Inc., 5601 Great Oaks Parkway,
San Jose, California 95119 (US). KAISER, Mr. Christian;
5923 Clydesdale Ave, San Jose, California 95123 (US).

(74) Agent: SANDERS, Jason A. etal.; Sanders IP Law, 240 N,
East Promontory, Suite 200, Farmington, Utah 84025 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(54) Title: SPIN TORQUE OSCILLATOR WITH ENHANCED SPIN POLARIZER

B —
]
S
=

B
(%}
jo3]

PN
ro
PN

P>
(N
(38

=
Ny
[}

450

|b5
=7
oo

~
|<,o
|-l
(o3}

(57) Abstract: The present disclosure generally relates to a mag-
netic recording head comprising a spintronic device. The spin-
tronic device is disposed between a main pole and a trailing shield
of the magnetic recording head. The spintronic device comprises
a multilayer spacer layer comprising a Cu layer in contact with a
spin torque layer and a spin transparent texture layer disposed on
the Cu layer, the spin transparent texture layer comprising AgSn
or AgZn. A multilayer notch comprising a CoFe layer is disposed
over the spin transparent texture layer of the multilayer spacer
layer and a Heusler alloy layer is disposed on the CoFe layer, the
Heusler alloy layer comprising CoMnGe, CoFeGe, or CoFeM-
nGe. The multilayer spacer layer and the multilayer notch result
in the spintronic device having a high spin polarization and a re-
duced critical current.
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Spin Torque Oscillator with Enhanced Spin Polarizer

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of and hereby incorporates by reference, for all
purposes, the entirety of the contents of U.S. Nonprovisional Application No. 17/845,797, filed
June 21, 2022, and entitled “Spin Torque Oscillator with Enhanced Spin Polarizer”.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0002] Embodiments of the present disclosure generally relate to a magnetic recording head
comprising a spin torque oscillator (STO), such as a write head of a data storage device, for

example a magnetic media drive.

Description of the Related Art

[0003] The heart of the functioning and capability of a computer is the storing and writing of
data to a data storage device, such as a hard disk drive (HDD). The volume of data processed by
a computer is increasing rapidly. There is a need for higher recording density of a magnetic

recording medium to increase the function and the capability of a computer.

[0004] In order to achieve higher recording densities, such as recording densities exceeding 2
Tbit/in’ for a magnetic recording medium, the width and pitch of write tracks are narrowed, and
thus the corresponding magnetically recorded bits encoded in each write track is narrowed. One
challenge in narrowing the width and pitch of write tracks is decreasing a surface area of a main
pole of the magnetic write head at a media facing surface (MFS). As the main pole becomes
smaller, the writing field becomes smaller as well, limiting the effectiveness of the magnetic

write head.

[0005] Heat-assisted magnetic recording (HAMR) and microwave-assisted magnetic recording
(MAMR) are two types of energy-assisted recording technology to improve the recording
density of a magnetic recording medium, such as a HDD. In MAMR, a spin torque oscillator
(STO) device is located next to or near the write element such that in operation the STO
enhances the write field of the write pole. In addition, the STO produces a high-frequency AC
field, such as in a microwave frequency band, that reduces an effective coercivity of a magnetic

recording medium used to store data and allows writing of the magnetic recording medium at
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lower magnetic writing fields emanated from the write pole. Thus, higher recording density of

the magnetic recording medium may be achieved by MAMR technology.

[0006] Energy-assisted recording write heads may require an undesirable high voltage and/or an
undesirable high current to produce a write field enhancement. A high voltage and/or high
current may impact the lifetime and the reliability of the write head by degrading components of
the write head. Lowering the bias voltage or current, or lowering the moment-thickness product
of the energy-assist magnetic layer that generates the enhanced write field, can hinder writer
performance, lower areal density capability (ADC), and/or limit the materials used in write

heads.

[0007] Therefore, there is a need for write heads that simply and effectively facilitate write head

performance reliability while enhancing spin polarization.

SUMMARY OF THE DISCLOSURE

[0008] The present disclosure generally relates to a magnetic recording head comprising a
spintronic device. The spintronic device is disposed between a main pole and a trailing shield of
the magnetic recording head. The spintronic device comprises a multilayer spacer layer
comprising a Cu layer in contact with a spin torque layer and a spin transparent texture layer
disposed on the Cu layer, the spin transparent texture layer comprising AgSn or AgZn. A
multilayer notch comprising a CoFe layer is disposed over the spin transparent texture layer of
the multilayer spacer layer and a Heusler alloy layer is disposed on the CoFe layer, the Heusler
alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe. The multilayer spacer layer and the
multilayer notch result in the spintronic device having a high spin polarization and a reduced

critical current.

[0009] In one embodiment, a magnetic recording head comprises a main pole and a spintronic
device disposed on the main pole, the spintronic device comprising: a spin torque layer, and a
multilayer spacer layer disposed over the spin torque layer, the multilayer spacer layer
comprising a Cu layer and a spin transparent texture layer, and a trailing shield disposed on the
spintronic device, the trailing shield comprising: a multilayer notch disposed on the multilayer

spacer layer, the multilayer notch comprising a CoFe layer and a Heusler alloy layer.

[0010] In another embodiment, a magnetic recording head comprises a main pole and a
spintronic device disposed on the main pole, the spintronic device comprising: a spin torque
layer, a Cu layer disposed over the spin torque layer, and a spin transparent texture layer

2
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disposed on the Cu layer, the spin transparent texture layer comprising AgSn or AgZn, and a
trailing shield disposed on the spintronic device, the trailing shield comprising: a CoFe layer
disposed over the spin transparent texture layer, and a Heusler alloy layer disposed on the CoFe

layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe.

[0011] In yet another embodiment, a magnetic recording head comprises a main pole and a
spintronic device disposed on the main pole, the spintronic device comprising: a seed layer
disposed on the main pole, a spin torque layer disposed on the seed layer, and a first multilayer
spacer layer disposed over the spin torque layer, the first multilayer spacer layer comprising a Cu
layer disposed over the spin torque layer and a spin transparent texture layer disposed on the Cu
layer, the spin transparent texture layer comprising AgSn or AgZn, wherein the Cu layer has a
greater thickness than the spin transparent texture layer, and a trailing shield disposed on the
spintronic device, the trailing shield comprising: a multilayer notch disposed over the first
multilayer spacer layer, the multilayer notch comprising a CoFe layer and a Heusler alloy layer
disposed on the CoFe layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or
CoFeMnGe, wherein the Heusler alloy layer has a greater thickness than the CoFe layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above recited features of the present disclosure can be
understood in detail, a more particular description of the disclosure, briefly summarized above,
may be had by reference to embodiments, some of which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this disclosure and are therefore not to be considered limiting of its scope, for

the disclosure may admit to other equally effective embodiments.

[0013] Figure 1 is a schematic illustration of a magnetic recording device, according to one

implementation.

[0014] Figure 2 is a schematic illustration of a cross sectional side view of a head assembly
facing the magnetic disk shown in Figure 1 or other magnetic storage medium, according to one

implementation.

[0015] Figures 3A-3B illustrate media facing surface (MFS) views of spintronic devices,
disposed between a main pole and a trailing shield of a magnetic recording head, according to

various embodiments.
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[0016] Figure 4A illustrates a multilayer spacer layer to be utilized in a spintronic device,

according to one embodiment.

[0017] Figure 4B illustrates a multilayer notch to be utilized in a spintronic device, according to

one embodiment.

[0018] Figure 4C illustrates a spintronic device incorporating the multilayer spacer layer and the

multilayer notch of Figures 4A-4B, according to one embodiment.

[0019] Figure 4D illustrates a spintronic device incorporating the multilayer spacer layer and the

multilayer notch of Figures 4A-4B, according to another embodiment.

[0020] Figure 4E illustrates a spintronic device incorporating a first multilayer spacer layer, a
second multilayer spacer layer, and a multilayer notch of Figures 4A-4B, according to yet

another embodiment.

[0021] Figure 5SA illustrates a chart comparing four different spintronic devices, according to one

embodiment.

[0022] Figure 5B illustrates a graph of cumulative probability versus normalized delta spin

polarization (delRA) for each spintronic device shown in the chart of Figure SA.

[0023] Figure 5C illustrates a graph of cumulative probability versus normalized critical current

(Jc) for each spintronic device shown in the chart of Figure SA.

[0024] Figure 5D illustrates a graph showing the correlation between normalized critical current

(Jc) and normalized delta spin polarization (delRA), according to one embodiment.

[0025] To facilitate understanding, identical reference numerals have been used, where possible,
to designate identical elements that are common to the figures. It is contemplated that elements
disclosed in one embodiment may be beneficially utilized on other embodiments without specific

recitation.

DETAILED DESCRIPTION

[0026] In the following, reference is made to embodiments of the disclosure. However, it should
be understood that the disclosure is not limited to specific described embodiments. Instead, any
combination of the following features and elements, whether related to different embodiments or

not, is contemplated to implement and practice the disclosure. Furthermore, although
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embodiments of the disclosure may achieve advantages over other possible solutions and/or over
the prior art, whether or not a particular advantage is achieved by a given embodiment is not
limiting of the disclosure. Thus, the following aspects, features, embodiments and advantages
are merely illustrative and are not considered elements or limitations of the appended claims
except where explicitly recited in a claim(s). Likewise, reference to “the disclosure” shall not be
construed as a generalization of any inventive subject matter disclosed herein and shall not be
considered to be an element or limitation of the appended claims except where explicitly recited

in a claim(s).

[0027] The present disclosure generally relates to a magnetic recording head comprising a
spintronic device. The spintronic device is disposed between a main pole and a trailing shield of
the magnetic recording head. The spintronic device comprises a multilayer spacer layer
comprising a Cu layer in contact with a spin torque layer and a spin transparent texture layer
disposed on the Cu layer, the spin transparent texture layer comprising AgSn or AgZn. A
multilayer notch comprising a CoFe layer is disposed over the spin transparent texture layer of
the multilayer spacer layer and a Heusler alloy layer is disposed on the CoFe layer, the Heusler
alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe. The multilayer spacer layer and the
multilayer notch result in the spintronic device having a high spin polarization and a reduced

critical current.

[0028] Figure 1 is a schematic illustration of a magnetic recording device 100, according to one
implementation. The magnetic recording device 100 includes a magnetic recording head, such
as a write head. The magnetic recording device 100 is a magnetic media drive, such as a hard
disk drive (HDD). Such magnetic media drives may be a single drive/device or include multiple
drives/devices. For the ease of illustration, a single disk drive is shown as the magnetic
recording device 100 in the implementation illustrated in Figure 1. The magnet recording device
100 (e.g., a disk drive) includes at least one rotatable magnetic disk 112 supported on a spindle
114 and rotated by a drive motor 118. The magnetic recording on each rotatable magnetic disk
112 is in the form of any suitable patterns of data tracks, such as annular patterns of concentric

data tracks on the rotatable magnetic disk 112.

[0029] At least one slider 113 is positioned near the rotatable magnetic disk 112. Each slider
113 supports a head assembly 121. The head assembly 121 includes one or more magnetic
recording heads (such as read/write heads), such as a write head including a spintronic device.
As the rotatable magnetic disk 112 rotates, the slider 113 moves radially in and out over the disk

surface 122 so that the head assembly 121 may access different tracks of the rotatable magnetic
5
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disk 112 where desired data are written. Each slider 113 is attached to an actuator arm 119 by
way of a suspension 115. The suspension 115 provides a slight spring force which biases the
slider 113 toward the disk surface 122. Each actuator arm 119 is attached to an actuator 127.
The actuator 127 as shown in Figure 1 may be a voice coil motor (VCM). The VCM includes a
coil movable within a fixed magnetic field, the direction and speed of the coil movements being

controlled by the motor current signals supplied by a control unit 129.

[0030] The head assembly 121, such as a write head of the head assembly 121, includes a media
facing surface (MFS) such as an air bearing surface (ABS) that faces the disk surface 122.
During operation of the magnetic recording device 100, the rotation of the rotatable magnetic
disk 112 generates an air or gas bearing between the slider 113 and the disk surface 122 which
exerts an upward force or lift on the slider 113. The air or gas bearing thus counter-balances the
slight spring force of suspension 115 and supports the slider 113 off and slightly above the disk

surface 122 by a small, substantially constant spacing during operation.

[0031] The various components of the magnetic recording device 100 are controlled in operation
by control signals generated by control unit 129, such as access control signals and internal clock
signals.  The control unit 129 includes logic control circuits, storage means and a
microprocessor. The control unit 129 generates control signals to control various system
operations such as drive motor control signals on a line 123 and head position and seek control
signals on a line 128. The control signals on line 128 provide the desired current profiles to
optimally move and position slider 113 to the desired data track on rotatable magnetic disk 112.
Write and read signals are communicated to and from the head assembly 121 by way of
recording channel 125. In one embodiment, which can be combined with other embodiments,
the magnetic recording device 100 may further include a plurality of media, or disks, a plurality

of actuators, and/or a plurality number of sliders.

[0032] Figure 2 is a schematic illustration of a cross sectional side view of a head assembly 200
facing the rotatable magnetic disk 112 shown in Figure 1 or other magnetic storage medium,
according to one implementation. The head assembly 200 may correspond to the head assembly
121 described in Figure 1. The head assembly 200 includes a media facing surface (MFS) 212,
such as an air bearing surface (ABS), facing the rotatable magnetic disk 112. As shown in
Figure 2, the rotatable magnetic disk 112 relatively moves in the direction indicated by the arrow

232 and the head assembly 200 relatively moves in the direction indicated by the arrow 233.



WO 2023/249703 PCT/US2023/020945

[0033] In one embodiment, which can be combined with other embodiments, the head assembly
200 includes a magnetic read head 211. The magnetic read head 211 may include a sensing
element 204 disposed between shields S1 and S2. The sensing element 204 is a magnetoresistive
(MR) sensing element, such an element exerting a tunneling magneto-resistive (TMR) effect, a
magneto-resistance (GMR) effect, an extraordinary magneto-Resistive (EMR) effect, or a spin
torque oscillator (STO) effect. The magnetic fields of magnetized regions in the rotatable
magnetic disk 112, such as perpendicular recorded bits or longitudinal recorded bits, are

detectable by the sensing element 204 as the recorded bits.

[0034] The head assembly 200 includes a write head 210. In one embodiment, which can be
combined with other embodiments, the write head 210 includes a main pole 220, a leading shield
206, a trailing shield (TS) 240, and a spintronic device 230 disposed between the main pole 220
and the TS 240. The main pole 220 serves as a first electrode. Each of the main pole 220, the
spintronic device 230, the leading shield 206, and the trailing shield (TS) 240 has a front portion
at the MFS.

[0035] The main pole 220 includes a magnetic material, such as CoFe, CoFeNi, or FeNi, other
suitable magnetic materials. In one embodiment, which can be combined with other
embodiments, the main pole 220 includes small grains of magnetic materials in a random
texture, such as body-centered cubic (BCC) materials formed in a random texture. In one
example, a random texture of the main pole 220 is formed by electrodeposition. The write head
210 includes a coil 218 around the main pole 220 that excites the main pole 220 to produce a
writing magnetic field for affecting a magnetic recording medium of the rotatable magnetic disk

112. The coil 218 may be a helical structure or one or more sets of pancake structures.

[0036] In one embodiment, which can be combined with other embodiments, the main pole 220
includes a trailing taper 242 and a leading taper 244. The trailing taper 242 extends from a
location recessed from the MFS 212 to the MFS 212. The leading taper 244 extends from a
location recessed from the MFS 212 to the MFS 212. The trailing taper 242 and the leading
taper 244 may have the same degree or different degree of taper with respect to a longitudinal
axis 260 of the main pole 220. In one embodiment, which can be combined with other
embodiments, the main pole 220 does not include the trailing taper 242 and the leading taper
244. In such an embodiment, the main pole 220 includes a trailing side and a leading side in

which the trailing side and the leading side are substantially parallel.
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[0037] The TS 240 includes a magnetic material, such as FeNi, or other suitable magnetic
materials, serving as a second electrode and return pole for the main pole 220. The leading
shield 206 may provide electromagnetic shielding and is separated from the main pole 220 by a

leading gap 254.

[0038] In some embodiments, the spintronic device 230 is positioned proximate the main pole
220 and reduces the coercive force of the magnetic recording medium, so that smaller writing
fields can be used to record data. In such embodiments, an electron current is applied to
spintronic device 230 from a current source 270 to produce a microwave field. The electron
current may include direct current (DC) waveforms, pulsed DC waveforms, and/or pulsed
current waveforms going to positive and negative voltages, or other suitable waveforms. In
other embodiments, an electron current is applied to spintronic device 230 from a current source

270 to produce a high frequency alternating current (AC) field to the media.

[0039] In one embodiment, which can be combined with other embodiments, the spintronic
device 230 is electrically coupled to the main pole 220 and the TS 240. The main pole 220 and
the TS 240 are separated in an area by an insulating layer 272. The current source 270 may
provide electron current to the spintronic device 230 through the main pole 220 and the TS 240.
For direct current or pulsed current, the current source 270 may flow electron current from the
main pole 220 through the spintronic device 230 to the TS 240 or may flow electron current from
the TS 240 through the spintronic device 230 to the main pole 220 depending on the orientation
of the spintronic device 230. In one embodiment, which can be combined with other
embodiments, the spintronic device 230 is coupled to electrical leads providing an electron

current other than from the main pole 220 and/or the TS 240.

[0040] Figures 3A-3B illustrate media facing surface (MFS) views of spintronic devices 300,
350, respectively, disposed between a main pole 302 and a trailing shield 304 of a magnetic
recording head 301, according to various embodiments. Each of the spintronic devices 300, 350
may independently be a STO, and as such, may be referred to herein as STO 300 and STO 350.
Both the STO 300 and the STO 350 may independently be utilized in the magnetic recording
device 100, such as in the head assembly 121. Both the STO 300 and the STO 350 may
independently be the spintronic device 230 of Figure 2, the main pole 302 may be the main pole
220 of Figure 2, and the trailing shield 304 may be the TS 240 of Figure 2.

[0041] In Figure 3A, the STO 300 comprises a seed layer 306 disposed on the main pole 302, a
spin torque layer (STL) 308 disposed on the seed layer 3006, a first spacer layer 316 disposed on

8
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the STL 308, a field generation layer (FGL) 312 disposed on the first spacer layer 316, and a

second spacer layer 310 disposed on the FGL 312. As shown in Figure 3A, the trailing shield
304 may optionally comprise a notch 314 disposed in contact with the FGL 312. In some
embodiments, the notch 314 may be referred to as a cap layer. In other embodiments, a cap layer
(not shown) may be disposed on the notch 314. For example, the cap layer may comprise

CoFe70, Ru, or a combination thereof.

[0042] The spintronic device 350 of Figure 3B is the same as the spintronic device 300 of Figure
3A; however the spintronic device 350 does not comprise a FGL or the first spacer layer 316.
Rather, the spacer layer 316 is disposed in contact with the trailing shield 304 or the notch 314 of
the trailing shield 304 instead.

[0043] The seed layer 306 may comprise NiFeTa, Ru, NiAl, or a combination thereof, and has a
thickness in the y-direction of about 3 nm to about 10 nm, such as about 7 nm. The STL 308
comprises CoFe, NiFe, CoFe, or a combination thereof, and has a thickness in the y-direction of
about 5 nm to about 8 nm, such as about 6.5 nm. The first and second spacer layers 310, 316
may each individually be a multilayer structure and comprise Cu, Ag, AgSn, AgZn, or a
combination thereof, as discussed below in Figures 4A-4E. The notch 314 comprises a Heusler
alloy, such as CoFeMnGe with a half-metallic ordered phase having high spin polarization. For
example, the notch 314 may be a multilayer structure and comprise CoFe, CoFeMnGe, or a
combination thereof, as discussed below in Figures 4A-4E. The FGL 312 may comprise a
multilayer structure containing Co, Fe, and CoFe layers having a thickness in the y-direction of

about 5 nm to about 10 nm. The trailing shield 304 may comprise CoFe.

[0044] When an electric current is applied, the electrons may flow from the main pole 302
through the STO 300, or the STO 350, to the trailing shield 304 in the y-direction, as shown by
the arrow labeled e-flow. Polarized electrons from the main pole 302 are scattered by the seed
layer 306, resulting in less polarization which reduces the direct spin torque on the STL 308.
Electrons that are reflected by the trailing shield 304 become polarized, which then pass back
through the spacer layer 310 and the spin torque flips the magnetization of the STL 308. Higher
polarization of the trailing shield 304 produces more spin torque on the STL 308 and decreases

the critical switching current (J¢).

[0045] Heusler alloys, such as the Heusler alloy of the notch 314, generally require a large
thickness in the y-direction and high deposition temperatures or post-deposition high temperature

annealing for ordered growth with highest spin polarization. However, if annealing temperatures

9
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exceed about 220°C, the read head, such as the magnetic read head 211 of Figure 2, can be

negatively impacted. Furthermore, Heusler alloys have a lower magnetic moment compared to
CoFe or other materials used for trailing shields 304, which can degrade base writing properties
of the write head, such as the write head 210 of Figure 2. As such, it may be necessary to limit
the thickness of the Heusler alloy insertion in the notch 314 so as to avoid or limit degradation of
the writing properties of the magnetic recording head. By utilizing multilayer structures for the
spacer layer 310 and the notch 314, like described in Figures 4A-4E below, the above issues can

be negated or overcome.

[0046] Figure 4A illustrates a multilayer spacer layer 410 to be utilized in a spintronic device or
STO, according to one embodiment. Figure 4B illustrates a multilayer notch 414 to be utilized
in a spintronic device or STO, according to one embodiment. The multilayer spacer layer 410
and the multilayer spacer notch 414 of Figures 4A-4B may be used in combination with one
another, as shown in Figures 4C-4E. Figure 4C illustrates a spintronic device or STO 400
incorporating the multilayer spacer layer 410 and the multilayer notch 414 of Figures 4A-4B,
according to one embodiment. Figure 4D illustrates a spintronic device or STO 450
incorporating the multilayer spacer layer 410 and the multilayer notch 414 of Figures 4A-4B,
according to another embodiment. Figure 4E illustrates a spintronic device or STO 475
incorporating a first multilayer spacer layer 416, a second multilayer spacer layer 410, and the

multilayer notch 414 of Figures 4A-4B, according to another embodiment.

[0047] The STO 400 and the STO 475 may each be the STO 300 of Figure 3A, and the STO 450
may be the STO 350 of Figure 3B. The multilayer spacer layer 410 may be the spacer layer 310
of Figures 3A-3B, the multilayer spacer layer 416 may be the spacer layer 316 of Figures 3A-3B,
and the multilayer notch 414 may be the notch 314 of Figures 3A-3B. In some embodiments, the
multilayer notch 414 may be referred to as a cap layer. In other embodiments, a cap layer (not
shown) may be disposed on the notch 414. The cap layer may be a sacrificial layer that is

removed during subsequent processing steps, like discussed below in Figures SA-5D.

[0048] The multilayer spacer layer 410 of Figure 4A comprises a first layer 420 and a second
layer 422 disposed on the first layer 420. As shown in Figure 4C, the first layer 420 is disposed
in contact with the FGL 312 and the second layer 422 is disposed in contact with the notch 414.
In Figure 4D, the first layer 420 is disposed in contact with the STL 308 and the second layer
422 is disposed in contact with the notch 414. The first layer 420 comprises Cu or Al (which
may be referred to herein as Cu layer 420) and has a thickness in the y-direction of about 2 nm to

about 8 nm. The second layer 420 is a spin transparent texture layer that promotes ordered
10
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growth of a Heusler alloy that comprises AgSn or AgZn (which may be referred to herein as spin

transparent texture layer 422) and has a thickness in the y-direction of about 0.5 nm to about 1
nm, such as about 0.8 nm. The second layer 420 may comprise 1 to 3 thin monolayers of AgSn

or AgZn, each monolayer having a thickness in the y-direction of about 0.2 nm to about 0.3 nm.

[0049] The multilayer notch 414 of Figure 4B comprises a first layer 424 and a second layer 426
disposed on the first layer 424. As shown in Figure 4C, the first layer 424 is disposed in contact
with the second layer 422 of the spacer layer 410and the second layer 426 is disposed in contact
with the trailing shield 304. In Figure 4D, the first layer 424 is disposed in contact with the
second layer 422 of the spacer layer 410 and the second layer 426 is disposed in contact with the
trailing shield 304. The first layer 424 comprises CoFe (which may be referred to herein as
CoFe layer 424) and has a thickness in the y-direction of about 0.5 nm to about 1.5 nm, such as
about 1 nm. The second layer 426 comprises a Heusler alloy such as CoMnGe, CoFeGe, or
CoFeMnGe (which may be referred to herein as CoFeMnGe layer 426 or a Heusler alloy layer
426) and has a thickness in the y-direction of about 1.5 nm to about 3.5 nm, such as about 2 nm

to about 3 nm.

[0050] Figure 4E is similar to Figure 4C; however, the first spacer layer 316 is a first multilayer
spacer layer 416 that comprises the first layer 420 (e.g., the Cu layer 420) and the second layer
422 (e.g., the spin transparent texture layer 422) of the first multilayer spacer 410 as well as the
first layer 424 (e.g., the CoFe layer 424) and the second layer 426 (e.g., the Heusler alloy layer
426) of the multilayer notch 414. In the STO 475 of Figure 4E, the Cu layer 420 of the spacer
layer 416 is disposed in contact with the STL 308, the spin transparent texture layer 422 is
disposed in contact with the Cu layer 420, the CoFe layer 424 is disposed in contact with the spin
transparent texture layer 422, and the Heusler alloy layer 426 is disposed in contact with the
CoFe layer 424 and the FGL 312. Figure 4E still comprises the second multilayer spacer layer
410 and the multilayer notch 414, like Figure 4C.

[0051] By utilizing the multilayer spacer layer 410 and the multilayer notch 414 of Figures 4A-
4B in the STOs 400, 450, 475, the STOs 400, 450, 475 can achieve a high spin polarization and
reduce the critical current through the STOs 400, 450, 475 even when annealed at only modestly
high temperatures, such as about 220°C. Furthermore, the second layer 422 comprising AgSn or
AgZn of the spacer layer 410 promotes the desired microstructure of the Heusler alloy utilized in
the notch 414 in addition to the high polarization, as AgSn or AgZn has a better crystal structure

for Heusler alloy growing as compared to Cu.
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[0052] Figures SA-5D illustrate charts and/or graphs comparing four different STOs, STO 1,

STO 2, STO 3, and STO 4, according to various embodiments. Figure SA illustrates a chart 500
showing the materials of the spacer layers and notches utilized in each STO 1-4. Figure 5B
illustrates a graph 550 of cumulative probability versus normalized delta spin polarization
(delRA) for each STO 1-4 shown in the chart 500 of Figure SA. Figure 5C illustrates a graph
575 of cumulative probability versus normalized critical current (Jc) for each STO 1-4 shown in
the chart 500 of Figure SA. Figure 5D illustrates a graph 585 showing the correlation between
normalized critical current (Jc) and normalized delta spin polarization (delRA), according to one

embodiment.

[0053] Each STO 1-4 comprises a seed layer comprising NiFeTa, Ru, NiAl, or a combination
thereof, having a thickness in the y-direction of about 3 nm to about 10 nm, such as about 7 nm,
and a STL comprising CoFe, NiFe, CoFe, or a combination thereof, having a thickness in the y-

direction of about 5 nm to about 8 nm, such as about 6.5 nm.

[0054] STO 1 further comprises a spacer layer comprising Cu having a thickness in the y-
direction of about 3 nm, and a multilayer notch comprising CoFe/CoMnFeGe having a thickness
in the y-direction of about 3.5 nm, like shown in Figure 4B (the notation “/” is used in this
disclosure to denote separation in a multi-layer stack). The cap layer is a sacrificial layer that is
removed during subsequent processing steps. STO 1 is annealed at a temperature of about

220°C.

[0055] STO 2 further comprises the multilayer spacer layer 410 of Figure 4A comprising
Cu/AgSn having a thickness in the y-direction of about 3 nm, and the multilayer notch 414 of
Figure 4B comprising CoFe/CoMnFeGe having a thickness in the y-direction of about 3.5 nm.
The cap layer is a sacrificial layer that is removed during subsequent processing steps. STO 2 is

annealed at a temperature of about 220°C.

[0056] STO 3 further comprises the multilayer spacer layer 410 of Figure 4A comprising
Cu/AgSn having a thickness in the y-direction of about 3 nm, and the multilayer notch 414 of
Figure 4B comprising CoFe/CoMnFeGe having a thickness in the y-direction of about 3.5 nm.
The cap layer is a sacrificial layer that is removed during subsequent processing steps. STO 3 is

annealed at a temperature of about 180°C.

[0057] STO 4 further comprises a spacer layer comprising Cu having a thickness in the y-

direction of about 3 nm, and a notch comprising CoFe70 having a thickness in the y-direction of
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about 14 nm. The cap layer is a sacrificial layer that is removed during subsequent processing

steps. STO 4 is annealed at a temperature of about 180°C.

[0058] As shown in the chart 500 of Figure SA and the graph 550 of Figure 5B, STO 2
comprising the multilayer spacer layer 410 of Figure 4A and the multilayer notch 414 of Figure
4B has a higher delta spin polarization (delRA) compared to STO 1 when STO 1 and STO 2 are
both annealed at a temperature of about 220°C, and STO 3 comprising the multilayer spacer
layer 410 of Figure 4A and the multilayer notch 414 of Figure 4B has a higher delta spin
polarization (delRA) compared to STO 4 when STO 3 and STO 4 are both annealed at a
temperature of about 180°C. Thus, utilizing the multilayer spacer layer 410 of Figure 4A and the
multilayer notch 414 of Figure 4B in an STO results in the STO having a higher delta spin
polarization (delRA) compared to STOs that do not comprise the multilayer spacer layer 410 of
Figure 4A and the multilayer notch 414 of Figure 4B.

[0059] As shown in the chart 500 of Figure SA and the graph 575 of Figure 5C, STO 2
comprising the multilayer spacer layer 410 of Figure 4A and the multilayer notch 414 of Figure
4B has a lower critical current (Jc) compared to STO 1 when STO 1 and STO 2 are both
annealed at a temperature of about 220°C, and STO 3 comprising the multilayer spacer layer 410
of Figure 4A and the multilayer notch 414 of Figure 4B has a lower critical current (Jc)
compared to STO 4 when STO 3 and STO 4 are both annealed at a temperature of about 180°C.
Thus, utilizing the multilayer spacer layer 410 of Figure 4A and the multilayer notch 414 of
Figure 4B in an STO results in the STO having a lower critical current (J¢) compared to STOs
that do not comprise the multilayer spacer layer 410 of Figure 4A and the multilayer notch 414
of Figure 4B.

[0060] The graph 585 of Figure 5D illustrates the correlation between reduced critical current
(Jc) to an increased delta spin polarization (delRA). STOs comprising the multilayer spacer
layer 410 of Figure 4A and the multilayer notch 414 of Figure 4B, such as the STO 400, the STO
450, and the STO 475 of Figures 4C-4E, can achieve a critical current up to about 18% lower
than STOs that do not comprise the multilayer spacer layer 410 of Figure 4A and the multilayer
notch 414 of Figure 4B while still achieving high spin polarization.

[0061] By utilizing the multilayer spacer layer comprising Cu/AgSn or Cu/AgZn and the
multilayer notch comprising CoFe/CoFeMnGe (or CoFe/CoMnGe, or CoFe/CoFeGe) in a
spintronic device, the spintronic device can achieve a high spin polarization while the critical

current through the spintronic device is reduced, even when the spintronic device is annealed at
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high temperatures, such as about 220°C, without degrading the writing properties of the

magnetic recording head. Furthermore, the AgSn or AgZn of the multilayer spacer layer
promotes a desired microstructure of the Heusler alloys utilized in the spintronic device, such as
within the multilayer notch, in addition to the high polarization, as AgSn (or AgZn) has a better
crystal structure for Heusler alloy growing as compared to Cu. As such, the multilayer spacer
layer comprising Cu/AgSn (or Cu/AgZn) and the multilayer notch comprising CoFe/CoFeMnGe
(or CoFe/CoMnGe, or CoFe/CoFeGe) enhance spin polarization within an spintronic device

while the critical current.

[0062] In one embodiment, a magnetic recording head comprises a main pole and a spintronic
device disposed on the main pole, the spintronic device comprising: a spin torque layer, a spacer
layer disposed on the spin torque layer, and a multilayer spacer layer disposed over the spin
torque layer, the multilayer spacer layer comprising a Cu layer and a spin transparent texture
layer, and a trailing shield disposed on the spintronic device, the trailing shield comprising: a
multilayer notch disposed on the multilayer spacer layer, the multilayer notch comprising a CoFe

layer and a Heusler alloy layer.

[0063] The Cu layer has a thickness of about 2 nm to about 8 nm. The spin transparent texture
layer comprises AgSn or AgZn, and the spin transparent texture layer has a thickness of about
0.5 nm to about 1.0 nm. The CoFe layer has a thickness of about 0.5 nm to about 1.5 nm. The
Heusler alloy layer comprises CoMnGe, CoFeGe, or CoFeMnGe, and the Heusler alloy layer has
a thickness of about 1.5 nm to about 3.5 nm. The CoFe layer is disposed on the spin transparent
texture layer. The spintronic device further comprises a spacer layer disposed on the spin torque
layer, and a field generation layer disposed on the spacer layer, the field generation layer being
disposed in contact with the multilayer spacer layer. The spacer layer disposed on the spin
torque layer is a second multilayer spacer layer comprising: a Cu layer disposed on the spin
torque layer, a spin transparent texture layer disposed on the Cu layer, the spin transparent
texture layer comprising AgSn or AgZn, a CoFe layer disposed on the spin transparent texture
layer, and a Heusler alloy layer disposed on the CoFe layer, the Heusler alloy layer being in
contact with the field generation layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or
CoFeMnGe. The Cu layer is disposed on the field generation layer, the spin transparent texture
layer is disposed on the Cu layer, and the Heusler alloy layer is disposed on the CoFe layer. A

magnetic recording device comprises the magnetic recording head.

[0064] In another embodiment, a magnetic recording head comprises a main pole and a

spintronic device disposed on the main pole, the spintronic device comprising: a spin torque
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layer, a Cu layer disposed over the spin torque layer, and a spin transparent texture layer
disposed on the Cu layer, the spin transparent texture layer comprising AgSn or AgZn, and a
trailing shield disposed on the spintronic device, the trailing shield comprising: a CoFe layer
disposed over the spin transparent texture layer, and a Heusler alloy layer disposed on the CoFe

layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe.

[0065] The Cu layer has a thickness of about 2 nm to about 8 nm, and the spin transparent
texture layer has a thickness of about 0.5 nm to about 1.0 nm. The CoFe layer has a thickness of
about 0.5 nm to about 1.5 nm, and the Heusler alloy layer has a thickness of about 1.5 nm to
about 3.5 nm. The CoFe layer is disposed on the spin transparent texture layer. The spintronic
device further comprises a field generation layer disposed between and in contact with the Cu
layer and the spin torque layer, and a spacer layer disposed between and in contact with the spin
torque layer and the field generation layer. The spacer layer is a multilayer spacer layer
comprising: a Cu layer disposed on the spin torque layer, a spin transparent texture layer
disposed on the Cu layer, the spin transparent texture layer comprising AgSn or AgZn, a CoFe
layer disposed on the spin transparent texture layer, and a Heusler alloy layer disposed on the
CoFe layer, the Heusler alloy layer being in contact with the field generation layer, the Heusler
alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe. The Cu layer has a greater thickness
than the Heusler alloy layer, the Heusler alloy layer has a greater thickness than the CoFe layer,
and the CoFe layer has a greater thickness than the spin transparent texture layer. A magnetic

recording device comprises the magnetic recording head.

[0066] In yet another embodiment, a magnetic recording head comprises a main pole and a
spintronic device disposed on the main pole, the spintronic device comprising: a seed layer
disposed on the main pole, a spin torque layer disposed on the seed layer, and a first multilayer
spacer layer disposed over the spin torque layer, the first multilayer spacer layer comprising a Cu
layer disposed over the spin torque layer and a spin transparent texture layer disposed on the Cu
layer, the spin transparent texture layer comprising AgSn or AgZn, wherein the Cu layer has a
greater thickness than the AgSn layer, and a trailing shield disposed on the spintronic device, the
trailing shield comprising: a multilayer notch disposed over the first multilayer spacer layer, the
multilayer notch comprising a CoFe layer and a Heusler alloy layer disposed on the CoFe layer,
the Heusler alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe, wherein the Heusler alloy

layer has a greater thickness than the CoFe layer.

[0067] The spintronic device further comprises a field generation layer disposed between the

first multilayer spacer layer and the spin torque layer, and a second multilayer spacer layer
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disposed between the spin torque layer and the field generation layer. The second multilayer
spacer layer comprises a Cu layer disposed on the spin torque layer, a spin transparent texture
layer disposed on the Cu layer, the spin transparent texture layer comprising AgSn or AgZn, a
CoFe layer disposed on the spin transparent texture layer, and a Heusler alloy layer disposed on
the CoFe layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe. The
CoFe layer has a greater thickness than the spin transparent texture layer, and the Cu layer has a
greater thickness than the Heusler alloy layer. The Cu layer has a thickness of about 2 nm to
about 8 nm, the spin transparent texture layer has a thickness of about 0.5 nm to about 1.0 nm,
the CoFe layer has a thickness of about 0.5 nm to about 1.5 nm, and the Heusler alloy layer has a
thickness of about 1.5 nm to about 3.5 nm. A magnetic recording device comprises the magnetic

recording head

[0068] While the foregoing is directed to embodiments of the present disclosure, other and
further embodiments of the disclosure may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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WHAT IS CLAIMED IS:

1. A magnetic recording head, comprising:
a main pole;
a spintronic device disposed on the main pole, the spintronic device comprising:
a spin torque layer; and
a multilayer spacer layer disposed over the spin torque layer, the multilayer spacer
layer comprising a Cu layer and a spin transparent texture layer; and
a trailing shield disposed on the spintronic device, the trailing shield comprising a
multilayer notch disposed on the multilayer spacer layer, the multilayer notch comprising a CoFe

layer and a Heusler alloy layer.

2. The magnetic recording head of claim 1, wherein the Cu layer has a thickness of about 2

nm to about 8 nm.

3. The magnetic recording head of claim 1, wherein the spin transparent texture layer
comprises AgSn or AgZn, and wherein the spin transparent texture layer has a thickness of about

0.5 nm to about 1.0 nm.

4. The magnetic recording head of claim 1, wherein the CoFe layer has a thickness of about

0.5 nm to about 1.5 nm.

5. The magnetic recording head of claim 1, wherein the Heusler alloy layer comprises
CoMnGe, CoFeGe, or CoFeMnGe, and wherein the Heusler alloy layer has a thickness of about

1.5 nm to about 3.5 nm.

6. The magnetic recording head of claim 1, wherein the CoFe layer is disposed on the spin

transparent texture layer.

7. The magnetic recording head of claim 1, wherein the spintronic device further comprises:
a spacer layer disposed on the spin torque layer; and
a field generation layer disposed on the spacer layer, the field generation layer being

disposed in contact with the multilayer spacer layer.
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8. The magnetic recording head of claim 7, wherein the spacer layer disposed on the spin
torque layer is a second multilayer spacer layer comprising:

a Cu layer disposed on the spin torque layer;

a spin transparent texture layer disposed on the Cu layer, the spin transparent texture
layer comprising AgSn or AgZn;

a CoFe layer disposed on the spin transparent texture layer; and

a Heusler alloy layer disposed on the CoFe layer, the Heusler alloy layer being in contact
with the field generation layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or
CoFeMnGe.

0. The magnetic recording head of claim 7, wherein the Cu layer is disposed on the field
generation layer, wherein the spin transparent texture layer is disposed on the Cu layer, and

wherein the Heusler alloy layer is disposed on the CoFe layer.

10. A magnetic recording device comprising the magnetic recording head of claim 1.
11. A magnetic recording head, comprising:
a main pole;

a spintronic device disposed on the main pole, the spintronic device comprising:

a spin torque layer;

a Cu layer disposed over the spin torque layer; and

a spin transparent texture layer disposed on the Cu layer, the spin transparent
texture layer comprising AgSn or AgZn; and
a trailing shield disposed on the spintronic device, the trailing shield comprising:

a CoFe layer disposed over the spin transparent texture layer; and

a Heusler alloy layer disposed on the CoFe layer, the Heusler alloy layer
comprising CoMnGe, CoFeGe, or CoFeMnGe.

12.  The magnetic recording head of claim 11, wherein the Cu layer has a thickness of about 2
nm to about 8 nm, and wherein the spin transparent texture layer has a thickness of about 0.5 nm

to about 1.0 nm.
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13.  The magnetic recording head of claim 11, wherein the CoFe layer has a thickness of
about 0.5 nm to about 1.5 nm, and wherein the Heusler alloy layer has a thickness of about 1.5

nm to about 3.5 nm.

14.  The magnetic recording head of claim 11, wherein the CoFe layer is disposed on the spin

transparent texture layer.

15.  The magnetic recording head of claim 11, wherein the spintronic device further
comprises a field generation layer disposed between the Cu layer and the spin torque layer, and a

spacer layer disposed between the spin torque layer and the field generation layer.

16. The magnetic recording head of claim 15, wherein the spacer layer is a multilayer spacer
layer comprising:

a Cu layer disposed on the spin torque layer;

a spin transparent texture layer disposed on the Cu layer, the spin transparent texture
layer comprising AgSn or AgZn;

a CoFe layer disposed on the spin transparent texture layer; and

a Heusler alloy layer disposed on the CoFe layer, the Heusler alloy layer being in contact
with the field generation layer, the Heusler alloy layer comprising CoMnGe, CoFeGe, or
CoFeMnGe.

17.  The magnetic recording head of claim 11, wherein the Cu layer has a greater thickness
than the Heusler alloy layer, the Heusler alloy layer has a greater thickness than the CoFe layer,

and the CoFe layer has a greater thickness than the spin transparent texture layer.

18. A magnetic recording device comprising the magnetic recording head of claim 11.
19. A magnetic recording head, comprising:
a main pole;

a spintronic device disposed on the main pole, the spintronic device comprising:
a seed layer disposed on the main pole;
a spin torque layer disposed on the seed layer; and
a first multilayer spacer layer disposed over the spin torque layer, the multilayer

spacer layer comprising a Cu layer disposed over the spin torque layer and a spin
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transparent texture layer disposed on the Cu layer, the spin transparent texture layer
comprising AgSn or AgZn, wherein the Cu layer has a greater thickness than the spin
transparent texture layer; and

a trailing shield disposed on the spintronic device, the trailing shield comprising:

a multilayer notch disposed over the first multilayer spacer layer, the multilayer
notch comprising a CoFe layer and a Heusler alloy layer disposed on the CoFe layer, the
Heusler alloy layer comprising CoMnGe, CoFeGe, or CoFeMnGe, wherein the Heusler
alloy layer has a greater thickness than the CoFe layer.

20.  The magnetic recording head of claim 19, wherein the spintronic device further
comprises:
a field generation layer disposed between the first multilayer spacer layer and the spin
torque layer; and
a second multilayer spacer layer disposed between the spin torque layer and the field
generation layer, the second multilayer spacer layer comprising:
a Cu layer disposed on the spin torque layer;
a spin transparent texture layer disposed on the Cu layer, the spin transparent
texture layer comprising AgSn or AgZn;
a CoFe layer disposed on the spin transparent texture layer; and
a Heusler alloy layer disposed on the CoFe layer, the Heusler alloy layer
comprising CoMnGe, CoFeGe, or CoFeMnGe.

21.  The magnetic recording head of claim 19, wherein the CoFe layer has a greater thickness
than the spin transparent texture layer, and wherein the Cu layer has a greater thickness than the

Heusler alloy layer.

22.  The magnetic recording head of claim 19, wherein the Cu layer has a thickness of about 2
nm to about 8 nm, wherein the spin transparent texture layer has a thickness of about 0.5 nm to
about 1.0 nm, wherein the CoFe layer has a thickness of about 0.5 nm to about 1.5 nm, and

wherein the Heusler alloy layer has a thickness of about 1.5 nm to about 3.5 nm.

23. A magnetic recording device comprising the magnetic recording head of claim 19.
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