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(57) Abstract: A spin torque oscillator (STO) comprises
an oscillation layer configured to generate a high frequency
magnetic field with a low driving current wherein the oscil-
lation layer is made of an alloy Co851r(i5.x)-Rh, where x is
about 1 to 14 at %, thereby improving performance of the
STO in terms of the driving current, oscillation frequency,
magnetic field, coercivity, etc. The STO also comprises a
reference layer to induce a magnetization precession in the
oscillation layer and at least one polarization layer dis-
posed between the oscillation layer and the reference layer
to enhance the spin polarization rate of the STO. The oscil -
lation layer may comprise a first oscillation layer and a
second oscillation layer in which an interlayer is disposed
between them. The interlayer is configured with a suitable
material so as the first and second oscillation layers are
coupled ferromagnetically or anti-ferromagnetically.
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Spin Torque Oscillator with Colr-Rh Oscillation Layer

Field of the Invention

The present invention relates to a spin torque oscillator, particularly, a spin torque
oscillator having an oscillation layer made of alloy Colr-Rh. More particularly, the oscillation
layer of Colr-Rh is coupled with a polarization layer to further improve the efficiency of the

spin torque oscillator.

Background of the Invention

The exponential increase in data volumes demands new technologies to maintain a
high growth rate of magnetic recording density. Microwave-assisted magnetic recording
(MAMR), a resonance-based technology, has been proposed to address the issue due to its
lower energy consumption, easier integration with the current recording systems, etc, which
capable of achieving a recording density of up to 3-4 Tb/in®. One important part of MAMR
technology is the spin torque oscillator (STO) for generating localized ac magnetic field in the

microwave frequency regime of 25-40 GHz for effective writing operation.

For MAMR technology, writing information in a recording medium by a recording
main pole of the magnetic head is assisted by a STO positioned adjacent to the recording main
pole. The magnetic field generated by the recording main pole for writing information is
typically not strong enough to switch the magnetization of a target recording area of the
recording medium. Therefore, STO is configured to generate a high frequency magnetic field
from the precession of magnetization in the oscillation layer of the STO which is intended to
reduce the coercivity of the target recording area, thereby assisting the recording magnetic
field to write information in the target recording area. Typically, a relatively high driving
current is required to be applied to the STO in order to maintain a stable precession of
magnetization in the oscillation layer for the generation of a high frequency magnetic field.
This however may affect the reliability and efficiency of the STO due to excessive heat is
generated. Therefore, a STO with a low driving current for a stable magnetization precession

is desired.
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A STO having an oscillation layer (also known as free layer or field generation layer)
made of a negative magnetic anisotropic material has been proposed to improve the
efficiency of STO. Among the choices of the suitable materials, alloy Colr is a promising
candidate due to its relatively high negative anisotropy energy density and easy of processing.
However, doping of Ir (Iridium) into Co (Cobalt) to form alloy Colr has the drawbacks of
introducing a higher damping constant and a lower saturation magnetization which are
detrimental to the performance of the STO. Consequently, a higher driving current is required
for the STO to maintain the stability of magnetization precession in the oscillation layer, and
at the same time lower oscillation frequency and magnetic field are achievable. Further, the
use of Colr as the oscillation layer of a STO may result in a poorer spin polarization that would

also affect the performance of STO.

As such, there exists a need for an efficient STO which configured with suitable

designs and materials that seek to overcome the aforementioned drawbacks.

Summary of the Invention

The above and other problems are solved and an advance in the art is made by a spin
torque oscillator (STO) in accordance with the present invention. In the present invention,
alloy Cogslris.-Rh, (where x is about 1 to 14 at %) is used to form the oscillation layer of STO.
Alloy Colr-Rh is a high negative magnetic anisotropic material having a low damping constant
and a high saturation magnetization. Further, at least one polarization layer is disposed
between the oscillation layer and a reference layer of the STO to enhance the spin
polarization rate of the STO. A STO configured in accordance with the present invention is
more efficient than the conventional STO in terms of its lower driving current, higher
oscillation or precession frequency, higher magnetic field, lower coercivity, etc. Further, a
wide percentage of Rh (Rhodium), i.e. from about 1 to 14 at %, may be used to form the alloy
Colr-Rh with desirable properties, dependent on the application requirements. Apart from
using in STO designs, alloy Colr-Rh is also applicable in other applications, such as tunnel/giant
magnetoresistance designs, patterned geometries (e.g. nanopillar and nanocontact), etc,

where a magnetic oscillation system is utilised.

A spin torque oscillator in accordance with an embodiment of the present invention

comprises an oscillation layer configured to generate a high frequency magnetic field with a
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low driving current wherein the oscillation layer is made of an alloy Cogs!r(;s.x-Rh, where x is
about 1 to 14 at %. A reference layer made of a magnetic material to induce a precession of
magnetization in the oscillation layer. At least one polarization layer is disposed between the
oscillation layer and the reference layer to enhance spin polarization rate of the spin torque
oscillator. The high frequency magnetic field generated by the oscillation layer is about 500 to

1500 Oe, and the driving current is about 1 to 5 mA.

In some embodiments, the at least one polarization layer comprises a first
polarization layer and a second polarization layer wherein the first polarization layer is
coupled to the oscillation layer to enhance spin polarization rate of the oscillation layer and
the second polarization layer is coupled to the reference layer to enhance spin polarization
rate of the reference layer. The spin torque oscillator further comprises a spacer disposed
between the first and second polarization layers wherein the spacer is made of a non-

magnetic material.

In some embodiments, the oscillation layer comprises a first oscillation layer and a
second oscillation layer. The first oscillation layer has a thickness of about 5 to 10 nm, and the
second oscillation layer has a thickness of about 5 to 10 nm. The oscillation layer has a
thickness of about 10 to 20 nm. In some embodiments, the oscillation layer having an
anisotropy energy density (k,) of about -(0.5 to 10)x10° erg/cm?®, a damping constant (a) of

about 0.01 to 0.15, and a saturation magnetization {M;) of about 800 to 1200 emu/cm?®,

In some embodiments, the spin torque oscillator further comprises an interlayer
disposed between the first and second oscillation layers so that the first and second oscillation
layers are coupled ferromagnetically or anti-ferromagnetically. In an embodiment, the
interlayer is made of Ru having a thickness of about 1.6 to 2.4 nm so that the first and second
oscillation layers are coupled ferromagnetically. In another embodiment, the interlayer is
made of Ru having a thickness of about 0.6 to 1.2 nm so that the first and second oscillation

layers are coupled anti-ferromagnetically.

In some embodiments, the at least one polarization layer having a spin polarization
rate of about 0.3 to 0.55, and a damping constant of about 0.01 to 0.02. In an embodiment,
the at least one polarization layer is made of Co (Cobalt) having a thickness of about 0.5 to 1.0

nm. In another embodiment, the at least one polarization layer is made of a trilayer of
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Co/Cu/Co (Cobalt/Copper/Cobalt) having a thickness of about 0.5 to 0.8 nm/0.2 to 0.5 nm/0.5

t0 0.8 nm.

In some embodiments, the reference layer has an anisotropy energy density (k,) of
about (0 to 1)x10’ erg/cm?, and a saturation magnetization (M;) of about 500 to 1000
emu/cm®. The reference layer has a magnetic anisotropy axis in a direction in-plane or
perpendicular to the oscillation layer. The reference layer has a thickness of about 10 to 20

nm.

A method of fabricating a spin torque oscillator in accordance with an embodiment of
the present invention comprises forming an oscillation layer for generating a high frequency
magnetic field with a low driving current wherein the oscillation layer is made of an alloy
Cogslriis-Rh, where x is about 1 to 14 at %; forming a reference layer made of a magnetic
material to induce a precession of magnetization in the oscillation layer; and forming at least
one polarization layer between the oscillation layer and the reference layer to enhance spin

polarization rate of the spin torque oscillator.

In some embodiments, the step of forming the at least one polarization layer
comprises forming a first polarization layer and a second polarization layer wherein the first
polarization layer is coupled to the oscillation layer to enhance spin polarization rate of the
oscillation layer and the second polarization layer is coupled to the reference layer to enhance
spin polarization rate of the reference layer. The method further comprises forming a spacer
between the first and second polarization layers wherein the spacer is made of a non-

magnetic material.

In some embodiments, the step of forming the oscillation layer comprises forming a
first oscillation layer and a second oscillation layer. The method further comprises forming an
interlayer between the first and second oscillation layers so that the first and second

oscillation layers are coupled ferromagnetically or anti-ferromagnetically.

Brief Description of the Drawings

The above and other features and advantages of a spin torque oscillator (STO) in

accordance with the present invention are described in the following description of preferred
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embodiments with reference to the following figures:

FIG. 1 illustrates a schematic diagram of a STO in accordance with an embodiment of the

present invention;

FIG. 2 illustrates a schematic diagram of a STO in accordance with a further embodiment of

the present invention;

FIG. 3 illustrates the graphs of anisotropy energy density (K,) and saturation magnetization

(M) against different percentage of Rh from 0 to 15 at %;

FIG. 4 illustrates the graphs of coercivity (H) and XRD rocking curve against different

percentage of Rh from 0 to 15 at %;

FIG. 5A illustrates a graph of damping constant (a) against different percentage of Rh from 0

to 15 at %;

FIG. 5B illustrates a graph of line width of ferromagnetic resonance (FMR), AH, against FMR

frequency, with different percentage of Rh from 0 to 15 at %;

FIG. 6 illustrates the graphs of oscillation frequency and ac magnetic field (normalized) against

different percentage of Rh from 0 to 15 at %, without external magnetic field;

FIG. 7A illustrates a graph of oscillation or precession frequency against different percentage

of Rh from 0 to 15 at %, in the presence of external magnetic field at 0, 2000, 4000, 6000 and
8000 Oe;

FIG. 7B illustrates a graph of ac magnetic field (normalized) against different percentage of Rh

from O to 15 at %, in the presence of external magnetic field at 0, 2000, 4000, 6000 and 8000
Oe;

FIG. 8 illustrates a graph of magnetic moment against applied magnetic field, for Colr (0% Rh)

and Colr-Rh {2% Rh);
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FIG. 9A illustrates a coercivity plot (H.) at all angles (0O to 360 degree) with different

percentage of Rh from 0 to 15 at %;

FIG. 9B and 9C are two coercivity plots with an enlarge scale for the same coercivity plot as

illustrated in FIG. 9A; and

FIG. 10 illustrates a graph of magnetoresistance (MR) ratio against applied magnetic field with

the polarization layer made of different materials coupled to the oscillation layer.

Detailed Description of the Invention

The present invention relates to a spin torque oscillator (STO) having an oscillation
layer made of alloy Cogsirsx-Rh, where x represents the percentage of Rh which can be a
value between 1 to 14 at %. Alloy Colr-Rh is a high negative magnetic anisotropic material
having a low damping constant and a high saturation magnetization, especially compared to
alloy Colr (without Rh). As such, the performance of STO may be improved in terms the
driving current, oscillation or precession frequency, magnetic field, coercivity, etc, which will
be discussed in the below. In this invention, a much lower driving current of the STO is
required. For example, the driving current for a STO using Cogsir;-Rhg (i.e. 8% Rh) as the
oscillation layer is about 22% of the driving current required for a STO using Colr as the
oscillation layer. At least one polarization layer made of a suitable magnetic material (such as
Co or Co/Cu/Co) is disposed between the oscillation layer and the reference layer of the STO
for enhancing the spin polarization rate of the oscillation layer and/or the reference layer,

thereby further improving the performance of the STO.

As mentioned, there are limitations of using alloy Colir {without Rh) as the oscillation
layer for a STO. It has been observed from experiments that alloy Colr achieves an optimum
negative anisotropy energy density (K,) at about -4.6x10° erg/cm® when Co is 85% and Ir is 15%
(i.e. Cogslris). In principle, with a proper negative magnetic anisotropic material chosen for
the oscillation layer, the driving current of the STO may be greatly reduced due to lack of
energy barrier in the magnetization precession plane. However for Cogslris where the
negative K, is at the optimum as stated above, its damping constant (a) is at a very high value
of about 0.216. Further, it has also been observed that the saturation magnetization (M;) of

Colr is decreasing from about 1200 to 800 emc/cm’® when Ir is increasing from 0% to 15%. An
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oscillation layer with a higher damping constant and a lower saturation magnetization has a
direct implication of a higher driving current required for the STO, and at the same time lower
oscillation or precession frequency and magnetic field are achievable by the STO. Hence,

based on the observations, using Colr as the oscillation layer is generally unfavourable.

To address the above issues, the present application introduces the use of alloy
Cosslriis.g-Rhy (x is about 1 to 14 at %) as the oscillation layer of STO. Although replacing Ir
with Rh may result in a reduction of orbital moment (due to smaller atomic radii), the spin
moment increases and thus K, may be improved slightly or at least maintains at a high value,
thereby reducing the damping constant. Alloy Colr-Rh is a relatively high negative magnetic
anisotropic material (high negative K,) having a lower damping constant (a) and a higher
saturation magnetization (M) than alloy Colr. Further, at least one polarization layer is
disposed between the oscillation layer and the reference layer to enhance the spin
polarization rate of the STO. Such configuration is advantageously reducing the driving
current of the STO, as well as increasing the oscillation or precession frequency and the
magnetic field generated the STO. Further, a wide range of percentage of Rh (from about 1 to
14 at %) may be used to form alloy Colr-Rh, with desirable properties. The present invention
is applicable in any STO designs which utilise Colr-Rh as its oscillation layer regardless of
whether the reference layer of the STO has a magnetic anisotropy axis in a direction in-plane

or perpendicular to the oscillation layer.

FIG. 1 illustrates a schematic diagram of a basic structure of STO 100 in accordance to
an embodiment of the present invention. STO 100 comprises oscillation layer 110 (also
known as free layer or field generation layer), spacer 140, first polarization layer 150, second
polarization layer 160 and reference layer 170. A typical dimension of STO 100 may be about
40 x 40 x 30 nm (in x-y-z direction as shown in FIG. 1). In operation, a driving current is
applied to STO 100 so that a high frequency ac magnetic field may be generated. In this
regard, electron spins passing through reference layer 170 are polarized based on the
direction of magnetization in reference layer 170 which produces a spin polarized current.
This spin polarized current is transmitted through spacer 140 and applies a spin transfer
torque on oscillation layer 110 which causes the magnetization of oscillation layer 110 to
oscillate into a precession state, thereby generating a high frequency ac magnetic field. STO
100 may also have other layers which are not explicitly discussed here, such as substrate layer,

adhesive layer, seedlayer, intermediate layer, cap layers, etc.
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Oscillation layer 110 is made of alloy Cogslris.g-Rhx where x represents the percentage
of Rh which may be a value between about 1 and 14 at %. For an example, oscillation layer
110 may be made of alloy Cogslr;-Rhg where Co = 85%, Ir = 7% and Rh = 8%. Preferably, x is no
more than 12 at %. Alloy Cogslris.q-Rhx may have a high negative anisotropy energy density
(K,) of about — (0.5 to 10)x10° erg/em?®, more particularly about -(3.0 to 5.0)x10° erg/cm’; a
low damping constant (a) of about 0.01 to 0.15, more particularly about 0.045 to 0.075; and a
high saturation magnetization (M;) of about 800 to 1200 emu/cm’, more particularly about
850 to 1000 emu/cm3. The driving current of STO 100 with oscillation layer 110 made of
Cogslrusx-Rh, may be as low as 1 mA, or about 1 to 5 mA in some embodiments. Alloy
Cogslris.g-Rhy can be formed by a deposition process, such as UHV sputtering at room
temperature, where Ir and Rh are incorporated into Co. Oscillation layer 110 may have a

thickness of about 10 to 20 nm, more particularly about 10 nm.

At least one polarization layer is disposed between oscillation layer 110 and reference
layer 170 for enhancing spin polarization rate of STO. In an embodiment as shown in FIG. 1,
there are two polarization layers, i.e. first polarization layer 150 disposed between oscillation
layer 110 and spacer 240 for improving the spin polarization rate of oscillation layer 110, and
second polarization layer 160 disposed between reference layer 170 and spacer 140 for
improving the spin polarization rate of reference layer 170. Polarization layers 150 & 160 are
made of a suitable magnetic material which has a high spin polarization rate (n), such as about
0.3 to 0.55 and more particularly about 0.4 to 0.5, and a low damping constant (a), such as
about 0.01 to 0.02. In an embodiment, first polarization layer 150 and/or second polarization
layer 160 may be made of Co having a thickness of about 0.5 to 1.0 nm. In another
embodiment, first polarization layer 150 and/or second polarization layer 160 may be made of
a trilayer of Co/Cu/Co having a thickness of about 1.2 to 1.9 nm corresponding to 0.5 to 0.8
nm (Co)/ 0.2 to 0.5 nm {Cu})/ 0.5 to 0.8 nm (Co).

In some embodiments, a STO may comprise one polarization layer only, such as only
first polarization layer 150 disposed below oscillation layer 110. It is possible that the spin
polarization rate of oscillation layer 110 be improved by about 20% with the presence of
polarization layer 150. Polarization layer 150 coupled with oscillation layer 110 made of Colr-
Rh may further reduce the driving current that is needed to stablish a stable magnetization

precession in oscillation layer 110. Due to low damping constant and high polarization rate of
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polarization layer 150, the driving current of STO 100 may be reduced by about 10% to 20%.
This is because polarization layer 150 (which has high n and low a) may increase the spin
polarization rate and reduce the damping constant of oscillation layer 110, thereby further

improving the efficiency of STO 100.

STO 100 further comprises spacer 140 disposed between first and second polarization
layers 150 & 160. Spacer 140 is made of a non-magnetic material, such as Cu, Cr, Ag, or Au,
and may have a thickness of about 2 to 5 nm. Reference layer 170 is disposed below second
polarization layer 160 for inducing a precession of magnetization in oscillation layer 110.
Reference layer 170 is made of a suitable magnetic material, such as Co/Pt, Co/Pd, CoPt or
FePt which having perpendicular magnetic anisotropy energy; such as Co, Fe or CoFe which
having in-plane magnetic anisotropy energy. The spin polarization rate of reference layer 170
may be enhanced by second polarization layer 160. Preferably, reference layer 170 is made of
a magnetic material having K, of about (0 to 1)x10” erg/cm® and M, of about 500 to 1000
emu/cm’. Reference layer 170 may have a magnetic anisotropy axis in a direction in-plane or
perpendicular to oscillation layer 110. Reference layer 170 may have a thickness of about 10-

20 nm.

FIG. 2 illustrates a schematic diagram of STO 200 according to a further embodiment
of the present invention. Polarization layers 250 & 260, reference layer 270, and spacer 240
may be configured to be the same as polarization layers 150 & 160, reference layer 170, and
spacer 140 of STO 100 as discussed above. However, in this embodiment, STO 200 comprises
two oscillation layers, i.e. first oscillation layer 210 and second oscillation layer 220, and an
interlayer 230 disposed between first and second oscillation layers 210 & 220. Oscillation
layers 210 & 220, polarization layers 250 & 260, reference layer 270, and spacer 240 may be
made of the same materials as oscillation layer 110, polarization layers 150 & 160, reference
layer 170, and spacer 140 of STO 100 respectively. Interlayer 230 is configured and made of a
suitable material, e.g. Ru (Ruthenium), such that first oscillation layer 210 and second
oscillation layer 220 can be coupled ferromagnetically or anti-ferromagnetically. In one
embodiment, interlayer 230 is made of Ru with a thickness of about 1.6 to 2.4 nm so as a
ferromagnetic coupling is formed between first and second oscillation layers 210 & 220. In
another embodiment, interlayer 230 is made of Ru with a thickness of 0.6 to 1.2 nm so as an
anti-ferromagnetic coupling is formed between first and second oscillation layers 210 & 220.

First oscillation layer 210, as well as second oscillation layer 220, may have a thickness of
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about 5 to 10 nm. A typical dimension of STO 200 may be about 40 x 40 x 30 nm (in x-y-z

direction as shown in FIG. 2).

In the following, various properties of alloy Cogslr;s.q-Rhy as the oscillation layer are
discussed. FIG. 3 illustrates the graphs of anisotropy energy density (K,) and saturation
magnetization (M) against different percentage of Rh from 0 to 15 at %. The K, graph shows
that replacement of some Ir by Rh may result in a slight improvement in K, {i.e. more negative;
from about -4.5x10° to -4.9x10° erg/cm’) at less than 5% Rh, followed by a decrease in K, (i.e.
less negative) beyond 5% Rh which is due to the decrease in orbital moment when more Ir
atoms are replaced by Rh atoms (smaller atomic radii). Further, the M, graph shows that M
increases from about 820 to 1020 emu/cm® when Rh is varied from 0 to 15 at % which is due
to the increase in spin moment when more Rh atoms are incorporated to form Colr-Rh. It is
understood that an increase in M is necessary for a STO to generate a higher magnetic field.
In conclusion, it is clear from the graphs that alloy Colr-Rh with an appropriate percentage of

Rh can have a better K, and M; than alloy Colr (i.e. Rh = 0 at %).

FIG. 4 illustrates the graphs of coercivity (H.) and XRD rocking curve against different
percentage of Rh from 0 to 15 at %. A drastic drop in the coercivity by at least half is observed
at about 5% Rh (drop from about 260 to 105 Oe), and continues to decrease beyond 5% Rh.
The decrease in coercivity means that Colr-Rh becomes magnetically softer which
advantageously for use as an oscillator layer as compared to conventional STO that utilises
soft in-plane magnetic materials. Further, the rocking curve shows a reduction from about 8.7
to 6.4 degree when Rh is varied from 0 to 15 at % which is associated to the improvement of

crystallinity of Colr-Rh.

FIG. 5A illustrates a graph of damping constant (a) against different percentage of Rh
from O to 15 at %. A reduction of a by nearly half is observed at about 5% Rh (drop from
about 0.22 to 0.1). The reduction in a is important for performance improvement in STO in
order to achieve a lower driving current (such as about 50% reduction in driving current) for
magnetization precession and a higher oscillation frequency given the same current. The
relationship between the driving current, damping constant and oscillation frequency (and
other parameters) may be reflected in the following equations:
2aepu, VM, [Haz + i—g‘;—scos 8 + M (N, — N,) cos 9]

hG(8)

I = —

10
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where ¢ is the driving current, e is the charge of an electron (-1.6 x 10" C), ug is the
permeability of free space, V is the volume of the oscillation layer, Hy, is the total applied
magnetic field on the oscillation layer, N, and N, are the demagnetizing factors of the
oscillation layer, h is the Planck constant, G(8) is the spin transfer efficiency function, w is the
oscillation frequency, ¥, is the gyromagnertic factor, and P is the polarization of conduction
electrons. From the equations, it is clear that the decrease in a will thus reduce the driving
current or increase the oscillation frequency, thereby improving the performance of STO. FIG.
5B illustrates a graph of line width of ferromagnetic resonance (FMR), AH, against FMR
frequency, with different percentage of Rh from 0 to 15 at %. It is shown that FWHM (full
width at half maximum) of FMR spectrum reduces with increasing of Rh doping. The damping

constant of FIG. 5A is derived from FIG. 5B.

FIG. 6 illustrates the graphs of oscillation or precession frequency and ac magnetic
field (normalized) against different percentage of Rh from 0 to 15 at %, without external
magnetic field. This simulation is performed using inputs data of K,, M; and a obtained from
experiments and driving current of 3.2 mA. It can be observed from the graph that when Rh
increases, oscillation frequency will increase until it reaches a peak at about 21 GHz (Rh is
12%), where a is almost at the lowest (i.e. about 0.025 from FIG. 5A) and K, remains negative
(i.e. about -0.06x10° erg/cm® from FIG. 3). The oscillation frequency drops drastically after 12%
Rh due to the decrease in K, (K, becomes positive). It is clearly shown in the graph that an
improvement in oscillation frequency by about 4 to 5 times (increase from about 4 to 21 GHz)
is possible by using alloy Cogslr;is.-Rhy (such as 12% Rh) as the oscillation layer, as compared
to alloy Colr (0% Rh). Further, it can also be observed from the graph that when Rh increases

from 0% to 10%, the magnetic field of STO is also improved.

FIG. 7A illustrates a graph of oscillation or precession frequency against different
percentage of Rh from 0 to 15 at %, in the presence of external magnetic field at 0, 2000, 4000,
6000 and 8000 Oe. FIG. 7B illustrates a graph of ac magnetic field (normalized) against
different percentage of Rh from 0 to 15 at %, in the presence of external magnetic field at 0,
2000, 4000, 6000 and 8000 Oe. An external magnetic field can be perceived by STO in the

write head (with reference to MAMR). It can be observed from the graphs that, in the

11
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presence of external magnetic field, both oscillation frequency and magnetic field are
deteriorating, especially at higher external magnetic field and higher percentage of Rh (where
K, is low). Therefore, K, needs to be improved further so as to provide directionality and
stability of magnetization of the oscillation layer. This can be done by optimizing the
underlayers and/or heat treatment to the system. Nevertheless, regardless the presence of
an external magnetic field, a STO using alloy Colr-Rh as the oscillation layer is still proved to be

better than alloy Colr.

FIG. 8 illustrates a graph of magnetic moment against applied magnetic field (Oe), for
Colr (0% Rh) and Colr-Rh (2% Rh). From the graphs, a reduction in the perpendicular
component is clearly seen when 2% Rh is used in Colr-Rh (as Rh has a smaller atomic radii),
which is beneficial for an oscillation layer operating approximately in-plane. This is because
the perpendicular component would induce a positive K, which will be detrimental to a STO

using in-plane oscillation.

FIG. 9A illustrates a coercivity plot (H) at all angles (0 to 360 degree) with different
percentage of Rh from 0 to 15 at %. FIG. 9B and 9C are two coercivity plots with an enlarge
scale for the same coercivity plot as illustrated in FIG. 9A. FIG. 9B shows that with 2% Rh in
Colr-Rh, the uniformity of the coercivity plot at all angles is improved from an off-circular oval
shape (0% Rh) to a nearly circular shape (2% Rh). This uniformity will advantageously improve
the stability of magnetization precession of STO. As shown in FIG. 9C, with more than 10% Rh
in Colr-Rh, the coercivity plot becomes an off-circular shape (non-uniform) and smaller.
Therefore, the coercivity may be greatly improved with only a small percentage of Rh in Colr-

Rh.

FIG. 10 illustrates a graph of magnetoresistance (MR) ratio against applied magnetic
field with the polarization layer made of different materials coupled to the oscillation layer.
The polarization layer may be made of a magnetic material such as Co or Co/Cu/Co. The
graphs show that MR ratio is improved with the presence of a polarization layer. It is shown
that a polarization layer made of Co with a thickness of 0.8 nm may increase the MR ratio to
2.3%. It is also shown that a polarization layer made of a trilayer of Co 0.8nm/Cu 0.3nm/Co
0.8nm may increase the MR ratio to 3.2%. The increase in MR ratio is associated to an

enhancement in spin polarization rate, which consequently improve the efficiency of STO.
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A method of fabricating a STO in accordance to an embodiment of the present
invention as depicted in FIG. 1 and 2 is as follow. The method comprises the steps of forming
an oscillation layer for generating a high frequency magnetic field with a low driving current
wherein the oscillation layer is made of an alloy Cogslrs-Rh, where x is about 1 to 14 at %;
forming a reference layer made of a magnetic material to induce a precession of
magnetization in the oscillation layer; and forming at least one polarization layer between the
oscillation layer and the reference layer to enhance spin polarization rate of the spin torque

oscillator.

In one embodiment, the step of forming the at least one polarization layer comprises
forming a first polarization layer and a second polarization layer. The first polarization layer is
coupled to the oscillation layer to enhance spin polarization rate of the oscillation layer and
the second polarization layer is coupled to the reference layer to enhance spin polarization
rate of the reference layer. The method further comprises forming a spacer (made of a non-

magnetic material) between the first and second polarization layers.

In one embodiment, the step of forming the oscillation layer comprises forming a first
oscillation layer and a second oscillation layer. The method further comprises forming an
interlayer (made of a suitable material such as Ru) between the first and second oscillation
layers so as the first and second oscillation layers can be coupled ferromagnetically or anti-

ferromagnetically.

The STO produced by the method as described above has the characteristics and

properties as discussed in the present application and illustrated in FIG. 1 to 10.

While the present invention has been described in certain aspects and with reference
to specific embodiments, it should be understood by those skilled in the art that various
modifications and/or variations may be made to the invention without departing from the
spirit or scope of the invention. Thus, the embodiments should be considered in all respects
as illustrative and not restrictive. Accordingly, the scope of the invention should be

determined by the appended claims and their equivalents which are intended to be embraced.
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CLAIMS

1. A spin torque oscillator comprising:

an oscillation layer configured to generate a high frequency magnetic field with a low
driving current wherein the oscillation layer is made of an alloy Cogslr(1s.4-Rhy where x is about
1to 14 at %;

a reference layer made of a magnetic material to induce a precession of
magnetization in the oscillation layer; and

at least one polarization layer disposed between the oscillation layer and the

reference layer to enhance spin polarization rate of the spin torque oscillator.

2. The spin torque oscillator of claim 1 wherein the at least one polarization layer
comprising a first polarization layer and a second polarization layer wherein the first
polarization layer is coupled to the oscillation layer to enhance spin polarization rate of the
oscillation layer and the second polarization layer is coupled to the reference layer to enhance

spin polarization rate of the reference layer.

3. The spin torque oscillator of claim 2 further comprising a spacer disposed between
the first and second polarization layers wherein the spacer is made of a non-magnetic

material.

4, The spin torque oscillator of claim 1 wherein the oscillation layer comprising a first

oscillation layer and a second oscillation layer.

5. The spin torque oscillator of claim 4 further comprising an interlayer disposed
between the first and second oscillation layers so that the first and second oscillation layers

are coupled ferromagnetically or anti-ferromagnetically.

6. The spin torque oscillator of claim 5 wherein the interlayer is made of Ru having a
thickness of about 1.6 to 2.4 nm such that the first and second oscillation layers are coupled

ferromagnetically.

7. The spin torque oscillator of claim 5 wherein the interlayer is made of Ru having a

thickness of about 0.6 to 1.2 nm such that the first and second oscillation layers are coupled

14
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anti-ferromagnetically.

8. The spin torque oscillator of claim 1 wherein the least one polarization layer is made

of Co having a thickness of about 0.5 to 1.0 nm.

9. The spin torque oscillator of claim 1 wherein the at least one polarization layer is
made of a trilayer of Co/Cu/Co having a thickness of about 0.5 to 0.8 nm/ 0.2 to 0.5 nm/ 0.5 to

0.8 nm.

10. The spin torque oscillator of claim 1 wherein the oscillation layer having an anisotropy

energy density (k,) of about -(0.5 to 10)x10° erg/cm®.

11. The spin torque oscillator of claim 1 wherein the oscillation layer having a damping

constant (a) of about 0.01 to 0.15.

12. The spin torque oscillator of claim 1 wherein the oscillation layer having a saturation

magnetization (M;) of about 800 to 1200 emu/cm’.

13. The spin torque oscillator of claim 1 wherein the high frequency magnetic field

generated by the oscillation layer is about 500 to 1500 Oe.

14. The spin torque oscillator of claim 1 wherein the driving current is about 1 to 5 mA.

15. The spin torque oscillator of claim 1 wherein the least one polarization layer having a

spin polarization rate of about 0.3 to 0.55.

16. The spin torque oscillator of claim 1 wherein the least one polarization layer having a

damping constant of about 0.01 to 0.02.

17. The spin torque oscillator of claim 1 wherein the reference layer having an anisotropy

energy density (k,) of about (0 to 1)x10” erg/cm’.

18. The spin torque oscillator of claim 1 wherein the reference layer having a saturation

magnetization (M) of about 500 to 1000 emu/cm?>.
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19. The spin torque oscillator of claim 1 wherein the reference layer having a magnetic

anisotropy axis in a direction in-plane or perpendicular to the oscillation layer.

20. The spin torque oscillator of claim 1 wherein the reference layer having a thickness of

about 10 to 20 nm.

21. The spin torque oscillator of claim 1 wherein the oscillation layer having a thickness of

about 10 to 20 nm.

22. The spin torque oscillator of claim 4 wherein the first oscillation layer having a

thickness of about 5 to 10 nm.

23. The spin torque oscillator of claim 4 wherein the second oscillation layer having a

thickness of about 5 to 10 nm.

24, A method of fabricating a spin torque oscillator comprising:

forming an oscillation layer for generating a high frequency magnetic field with a low
driving current wherein the oscillation layer is made of an alloy Cogslir(1s.-Rh, where x is about
1to 14 at %;

forming a reference layer made of a magnetic material to induce a precession of
magnetization in the oscillation layer; and

forming at least one polarization layer between the oscillation layer and the reference

layer to enhance spin polarization rate of the spin torque oscillator.

25. The method of claim 24 wherein the step of forming the at least one polarization layer
comprising forming a first polarization layer and a second polarization layer wherein the first
polarization layer is coupled to the oscillation layer to enhance spin polarization rate of the
oscillation layer and the second polarization layer is coupled to the reference layer to enhance

spin polarization rate of the reference layer.

26. The method of claim 25 further comprising forming a spacer between the first and

second polarization layers wherein the spacer is made of a non-magnetic material.
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27. The method of claim 24 wherein the step of forming the oscillation layer comprising

forming a first oscillation layer and a second oscillation layer.

28. The method of claim 27 further comprising forming an interlayer between the first

and second oscillation layers so that the first and second oscillation layers are coupled

ferromagnetically or anti-ferromagnetically.
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