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Abstract— Here, we report a “magnon microwave
antenna” (MMA) for the generation of microwaves with
tuneable frequencies, based on modulation of confined
spin waves (SWs) in the patterned array of magnetostric-
tive nanomagnets/piezoelectric heterostructures caused by
the surface acoustic waves (SAWs). A SAW launched
on a piezoelectric substrate produces a periodic strain
within the nanomagnets patterned on it, which, in turn,
stimulates magnetization precession resulting in differ-
ent magneto-dynamical resonance modes in the array
of nanomagnets with a rich SW texture. The generated
SWs (magnons) further interact with the EM radiation (pho-
tons) at the SAW frequency. The phonon-magnon-photon
coupling in the patterned array of nanowires (NWs) gen-
erates a 0.56 GHz microwave frequency with a 13.9 MHz
linewidth and a Q-factor of 40, while that in a matrix of nan-
odots (having same overall area) provides tuneable frequen-
cies leading up to 30 GHz with a linewidth of 59.1 MHz and an
enhanced Q-factor of 439; having nonvolatile spin textures
in both the cases. The generated nonvolatile spin textures
of the NWs/nanodots can also be useful in energy-efficient
logic and low-power computing applications.

Index Terms— Magnon microwave antenna (MMA),
microwave generation, phonon-magnon-photon coupling,
piezoelectric/magnetostrictive heterostructure, spin torque
oscillator (STO), spin wave (SW).

I. INTRODUCTION

THE emergence of the Internet of Things (IoT) devices
develops a great interest in microwave based tech-

nologies [1], [2], [3], in applications such as autonomous
driverless/autopilot cars, efficient radars/antennae and so on,
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which rely on the generation of microwave frequencies with
a relatively lower power consumption, strong signal ampli-
tude, and good frequency stability. These high-end features
become the prerequisite of the advanced systems to per-
form necessary operations smoothly. However, conventional
voltage-controlled oscillators (VCOs) typically consume a
large amount of power to perform the operations [4]. Pre-
viously, spin torque oscillators (STOs) have been investigated
as a source of microwaves, as STOs are, in general, highly
tuneable and offer small chip size compared to existing VCOs
[5], [6], however, suffers from the weak output signal. To cir-
cumvent this issue, an array with synchronized phase-locking
STOs has been studied. However, the synchronization time of
such phase-locking STOs is extremely short, and in practical
applications, the synchronization of the STOs itself becomes
one of the biggest challenges, which limits their utilization
for cutting-edge IoT applications. Additionally, some elec-
tric/magnetic field as an external bias is required in controlling
the STOs [7], [8].

Lately, Fabiha et al. [9] used tripartite coupling between
phonon-magnon-photon to demonstrate spin-wave (SW) based
nano-antenna. In this work, we demonstrate, an SW-based
“magnon microwave antenna” (MMA) for microwave genera-
tion via nonvolatile domain configuration induced by tripartite
phonon-magnon-photon coupling in an array of magnetostric-
tive nanowires (NWs) patterned on a piezoelectric substrate.
Since domains are modified at the cost of energy, here, the
required energy has been provided to the NWs in the form of
an external stress launched by a surface acoustic wave (SAW)
in the piezoelectric substrate along the longitudinal direction.
However, no external bias field is required as in other devices,
e.g., STO-based or conventional domain wall-based oscillators
or straintronic microwave oscillators [3], [10], [11], [12], [13],
[14], [15], [16].

II. RESULTS AND DISCUSSION

The proposed tripartite coupling based MMA consists of
magnetostrictive NWs (FeGa) patterned on the piezoelec-
tric LiNbO3 substrate, which relies on two different work-
ing principles, first, phonon-magnon coupling and then the
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Fig. 1. COMSOL design of the MMA with magnetostrictive NWs. (a) 2-D cross-sectional model in COMSOL to calculate the generated SAW
frequency. Substrate width −9 µm, thickness −10 µm; electrodes (the magnified version of the highlighted region) width −1 µm and thickness
−5 nm. (b) S11 and S21 parameters confirm the SAW resonance frequency at 551.35 MHz. (c) Deformed shape plot of the resonance SAW mode
confirms the maximum penetration depth of the SAW. (d) Magnetostriction effect in NWs shows some mechanical displacement of NWs caused by
the SAW.

magnon-photon coupling. The following section first describes
MMA design in a 2-D cross-sectional model with COMSOL1

[17] [as in Fig. 1(a)] and then estimates the SAW resonance
frequency generated from the system. In order to implement
the necessary design and simulations, the piezoelectric effect
and magnetostriction physics interfaces from the structural
mechanics module along with the ac/dc module of COMSOL
Multiphysics have been employed.

In the simulation, two of the electrodes separated by a dis-
tance of ∼3.6 μm and placed along the longitudinal direction
of the substrate have been considered as terminal ports to
apply voltage into the device for generating the SAW from
the piezoelectric substrate. The reflection coefficients, namely,
S11 and S21 parameters, as shown in Fig. 1(b), obtained
from the COMSOL simulation estimate the SAW resonance
frequency as 551.35 MHz. The orientation confirms that the
generated SAW propagates along the longitudinal directions
(i.e., X-direction). Thus simulated resonance frequency has
been considered as input in micromagnetic simulation with
MUMAX3 [18].

It is imperative to calculate the amount of power that is
coupled to the SAW, which could be further utilized in the
estimation of the stress generated upon launching of SAW.
In order to do that, we have considered the similar approach
by De et al. [19] and Drobitch et al. [20]. Here, the S11
parameter in Fig. 1(b) has been calculated considering an ideal
scenario, i.e., any loss from the substrate has been neglected,
that estimates the reflection coefficient of the system. The S11
value of ≈−19.56 dB gives the reflection coefficient (r) of the
system as ≈0.011. Here, in the simulation, the input power
(PI ) is 6.5 × 10−5 W. Therefore, the power coupled into the
SAW is PC = (1 − r) · PI ≈ 6.43 × 10−5 W.

The corresponding stress profile at 551.35 MHz, generated
due to SAW is shown in Fig. 1(c), which estimates the pene-
tration depth on the surface as 80 nm. Hence, the thicknesses
of the NWs should be smaller than 80 nm to ensure that
all of the strain generated in the substrate due to the SAW
is transferred to the NWs. Since the nanomagnet thickness
in our study is 40 nm, it could be assumed that the generated

1Registered trademark.

strain has been transferred fully to the NWs producing the
required magnetization, as confirmed in Fig. 1(d). The max-
imum mechanical displacement of the NWs caused by the
strain from SAW is 10 PM. The following sections provide a
deeper insight into the detailed magnetization study and the
SW (magnonic) modes of MMA.

We have performed the micromagnetic simulations using
MUMAX3 [18] by discretizing the NWs into the cell sizes of
2 × 2.5 × 2.5 nm solving the Landau–Lifshitz–Gilbert (LLG)
equation [see (1) and (2)]. Here, �M is the unit vector of
local magnetization, |γ | is gyromagnetic ratio (GHz/T), �Heff

is the effective magnetic field originates from demagnetization
energy, exchange energy, magnetic and shape anisotropy, α is
the Gilbert damping factor, μ0 is the free space permeability,
MS is the saturation magnetization (A/m)

∂ �M
∂ t

= |γ | �M × Heff + α

MS

[
�M × ∂ �M

∂ t

]
(1)

Heff = − 1

μ0
·
[

∂ E

∂ �M
]
. (2)

We have considered the following material parameters of
FeGa [21], saturation magnetization MS = 1.32 MA/m,
exchange stiffness constant Aex = 16 pJ/m, initial exchange
anisotropy constant Ku1,i = 0 J/m3, before applying external
stress(σ ). Since MUMAX3 does not include external stress
directly [18], the stress has been applied as magnetoelastic
anisotropy, Kme = (3/2)λs · σ(t) , where λs is saturation
magnetostriction constant of FeGa (400 ppm) and σ(t) is
the generated time-varying sinusoidal stress due to the launch
of SAW [22]. So, the external stress reforms the uniaxial
anisotropy value as Ku1,eff = Ku1,i + Kme [21] ⇒ Ku1,eff ≈
(3/2)λs · σ0 sin(2π f t) [22]. The stress field has further been
calculated according to the following equation: HS(t) =
(3/2)·H0 ·sin(2π f t), where, H0 = ((λs · σ0)/(μ0 · MS)) is the
amplitude of the stress field (HS(t) ) due to SAW. Here, σ0 =
(PA,max · Zmax)

1/2 and Zmax = (C�11 · ρ)1/2, where Zmax, C�11

(202.897 × 109 Pa) and ρ (4.7 × 106 g/m3) are characteristic
acoustic impedance, the first diagonal element of the elasticity
tensor and the density of the LiNbO3 substrate, respectively.
The power coupled into the SAW per unit area along the
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Fig. 2. Micromagnetic modeling of NWs. (a) Initial random magnetization configuration. l, w be the length and width of each of the NWs along the
x- and y-directions, respectively, and s be the separation between the NWs along y-direction of 40 nm thick NWs. (b) Multidomain state in presence
of transverse stress along Y. (c) Single domain state upon launching of the SAW along X. (d) Final spin configuration after completion of 20 ns
simulation confirms that the domain configurations are nonvolatile in nature.

normal to the direction of propagation, PA,max = PC/Amax,
where PC is the power coupled into the SAW (6.43×10−5 W
as calculated earlier) and Amax is the area (8 × 10−14 m2)
normal to the direction of propagation of the SAW [cal-
culated as the width of the electrodes (1 μm) times the
penetration depth of the SAW (80 nm)]. Therefore, PA,max

becomes 8 × 108 W/m2, Zmax = 9.786 × 108 N·S/m3 and
σ0 = 1.25 × 109 Pa. Hence, the amplitude of HS(t), i.e., H0

is 452 144 A/m = 5681 Oe.
Here, the cell size lies below exchange length (lex =

(2Aex/μ0 M2
S)

1/2 ≈ 4.24 nm), which further ensures the
inclusion of all of the exchange interactions. MUMAX3 deter-
mines the macro-spin configuration at every coordinate point
within the NW and it produces the vector files containing the
magnetization distribution over the simulating magnetic object.
Simulations performed with the typical dimensions of NWs are
512 × 120 × 40 nm [length(l) × width(w) × thickness(h)]
as depicted in Fig. 2(a) with different “s” values (20–160 nm),
where, we have considered the effective magnetic fields
generated by the effect of the shape anisotropy, dipole
coupling and strain. This study has been performed
at 0 K, a widely used method in micromagnetic model-
ing of strain-mediated structures, to ignore the switching
errors [23].

It is important to note that transverse stress applied along the
Y -direction helps developing the multidomain configurations
[as shown in Fig. 2(b)] along the cross section of the NWs
out of initial random magnetization configuration [as shown
in Fig. 2(a)]. Due to the SAW, the smaller multidomains
in Fig. 2(b) start rotating into one direction in forming a
large size single domain state along longitudinal direction
[Fig. 2(c)], which helps to generate the microwaves. In the
process of the creation or annihilation of domains, demagne-
tization energy has taken an important role. In general, the
dipolar energy or demagnetizing energy of any system could
be minimized by forming multiple domains in the system.

Therefore, the energy should be minimized in the studied
systems as well. We have considered our initial magnetization
as random magnetization [Fig. 2(a)]. For s = 90 nm figuration,
the demagnetization energy of the initial random magnetiza-
tion state is 4484.20 aJ. The demagnetization energy becomes
818.32 aJ while the system has been broken into multidomain
state [Fig. 2(b)]. The multidomain state has been diminished
upon launching of the SAW. The energy associated with the
SAW further helps to minimize the demagnetization energy
of the system. In this case, the demagnetization energy of the
single-domain state [Fig. 2(c)] is reduced to 337.83 aJ.

It is worth mentioning that such kind of change in
domain wall motion with SAW is promising for wireless
energy harvesting applications, such as for power-hungry IoT
devices [24]. Another important aspect of our study is that
the SAW-engineered single domain state is nonvolatile in
nature, as evidenced in Fig. 1(d), after a 20 ns long simulation.
These single-domain nanomagnets remain in its own state
until they are reset by the application of stress or a strong
external magnetic field to the initial multidomain state, which
makes the single-domain state nonvolatile, that could be useful
in energy-efficient logic applications, low-power computing
applications, as well [25], however, that is out of the scope of
the present study.

In electrically connected series or parallel STO [26], each
of the individual NWs is connected through interdigitated
electrodes delineated by lithography. However, the MMA
provides the liberty to connect them without any electrical
connection, rather they are connected via the dipolar interac-
tion between them and the strength of the dipolar coupling
could be considered analogous to the electrical resistance in
the electrically connected STOs [26]. Since the SAW has
been launched along the longitudinal (x) direction, the NWs
could be considered to be connected magnetically in parallel
combination via dipolar coupling between them as analogous
to the electrical STOs and it is important to mention that the
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Fig. 3. Calculated magnetization oscillations as a function of the spacing between the NWs in MMA along x-, y-, and z-directions
in (a)–(c), respectively, while the exciting SAW frequency remains kept constant at 0.5 GHz throughout the simulations.

Fig. 4. Power distribution as a function of spacing between the NWs along x-, y-, and z-directions in (a)–(c), respectively. The corresponding insets
reveal the magnified frequency spectra (0–2.5(5) GHz range) of MX and MY (MZ) of the highlighted region at left side of the parent power-frequency
spectra (0–50 GHz range).

demagnetization energy along with the exchange energy plays
a crucial role in stabilizing the magnetization oscillations.
So, there must be a trade off between the demagnetization
energy and the exchange energy of the systems. Therefore,
it is important to note that in the absence of the SAW, the
system might excite at its intrinsic SW mode due to strong
magnetostatic interaction between the neighboring elements
and/or in presence of SAW, new extrinsic modes might occur
at the SAW frequencies which are not resonant with the
intrinsic modes [19].

We have shown the calculated magnetization components,
MX , MY , and MZ , as a function of the increasing separation
value (“s”) between the NWs in Fig. 2(a)–(c), respectively,
where MX , MY , and MZ represent the calculated magneti-
zation components along the major, minor axes and normal
to the plane component of the NW, respectively. To find the
optimum separation for effective synchronization, the SAW
with 0.5 GHz frequency has been launched first, as obtained
from the COMSOL simulation shown in Fig. 1(b). Both
the configurations with the smallest and largest separations
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Fig. 5. (a)–(e) Final spin configuration of the NWs after completion of 20 ns of micromagnetic simulation showing the nonvolatility nature of the
domains for the separation values, 40, 80, 90, 100, and 140 nm, respectively.

between the NWs, i.e., 20 and 160 nm, give desynchronized
oscillations in all the directions, i.e., along the x-, y-, and
z-directions, respectively, as evidenced in Fig. 3(a)–(c). Hence,
these configurations have failed to generate properly synchro-
nized auto-oscillations in the microwave antenna, which has
been evidenced by the multiple peaks in the corresponding fast
Fourier transform (FFT) spectra, in Fig. 4(a)–(c), of the cor-
responding damped magnetization curves, respectively. How-
ever, the configuration with moderate separation, i.e., the
NWs separated with 90 nm distance, provides the required
optimum magnetization output (MX and MY ) with properly
synchronized auto-oscillations, i.e., an undamped sinusoidal
response along x- and y-directions, respectively. In addition,
the sinusoidal MZ component in this configuration seems to
be suffered from slight damping. It is important to notice that
the magnetization oscillation amplitudes decrease almost by
one order of magnitude from MX to MZ .

The FFT of the magnetization components, MX , MY , MZ

yields the corresponding power spectra of each configuration.
The obtained power-frequency spectra of MX /MY /MZ by FFT
as a function of “s” value between the NWs are shown in
Fig. 4(a)–(c), respectively. The corresponding insets in each
stack show the magnified frequency spectra of the highlighted
region of the parent power spectra (0–50 GHz range). The
s = 20 nm configuration shows only a single peak in FFTX

(the power is in 10−2 order of magnitude), however, any effect
from the SAW might be absent as its magnetization is noisy,
and not synchronized in any direction at all, as evidenced
in Fig. 4(a)–(c). At this configuration, the intrinsic shape
anisotropy and the strength of the magnetostatic interaction
are more prominent [overall demagnetization energy (∼297 aJ)
is greater than the exchange energy (∼200 aJ)] that obstruct
to synchronize with the launched SAW frequency and trigger
incoherent magnetization precession inside the nanomagnets
and hence the power is concentrated at low frequency (that is
the natural frequency of the system), which arises due to the
array geometry itself [19].

For s = 40 nm configuration, there are four peaks in the
corresponding spectrum, which means that at least two NWs
are synchronized along x-direction. However, the power at
this configuration becomes three orders of magnitude smaller
(the power is in 105 order of magnitude) than that in 20 nm
configuration, as in the case of 40 nm configuration, the
exchange energy (∼375 aJ) dominates over the demagnetizing
energy of the system. As a result, new extrinsic modes generate
upon launching of SAW.

Upon increasing the separation between the NWs, some of
the peaks start merging as the number of peaks is decreased
as depicted in Fig. 4. For s = 60 nm, there are three
different peaks, which necessarily signifies that at least three
NWs are synchronized. For s = 80 nm, the number of
the synchronized NWs is four, however, the s = 90 nm
configuration generates only a single frequency where each
of the five NWs is properly synchronized giving rise to the
optimum output. Here, we denote this synchronized frequency
for s = 90 nm configuration as the “peak frequency,”
f p, and the “s” value as sop, i.e., the optimum separation
value for effective synchronization of each of the NWs.
Upon further increasing the separation value destroys the
synchronized state as evidenced in Fig. 4. In addition, the
power-frequency spectra along the minor direction also show a
similar kind of behavior, i.e., only s = 90 nm separation gives
a proper synchronized signal along y-direction. So, it could
be mentioned that the frequency response is identical along
the major and minor directions, respectively, i.e., the MMA
could be exploited bidirectionally for required applications.
However, the magnitude in FFTY becomes almost half of that
in FFTX .

On the other hand, FFTZ in Fig. 4(c) confirms that it is
extremely hard to synchronize the NWs at any separation
value studied here in the out-of-plane (Z ) direction; even
the sop configuration has some other weaker (power) higher
bands (frequency) over f p. The time-varying strain generated
in the magnetostrictive nanomagnet due to the SAW modulates
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the overall precessional dynamics, which in turn give rise
to the hybrid magnetodynamical modes along out-of-plane
component [27] and this might be the reason behind the higher
band along z-direction. Here, the power of the resonance peak,
“ f p” of MX is approximately two (six) times larger than
that of MY (MZ ) oscillations. Hence, the SW is composed
mostly of the longitudinal oscillations in the component of
the magnetization along the major axis while the SAW is also
propagating along the same direction.

Domains of all these studied phonon-magnon-photon cou-
pling based MMAs are observed to be nonvolatile in nature
(as shown in Fig. 2). However, it is imperative to mention
that there is a significant difference in the nonvolatility of
the domains for different separation values, as shown in
Fig. 5(a)–(e). For example, domains of all of the NWs for s =
40 nm configuration are organized in a diamond orientation,
while for s = 80 nm, domains of one NW are found in
such a diamond orientation, as shown in Fig. 5(a) and (b),
respectively. Similarly, diamond domain orientations are found
in several NWs for s = 100/140 nm configurations as shown
in Fig. 5(d) and (e), respectively. However, for s = 90 nm
configuration, a single domain with the aforementioned non-
volatile configurations is found as shown in Fig. 5(c), which
might be the possible reason behind synchronization of all of
the NWs and providing only a single peak output frequency,
where efficient coupling between the launched SAW (phonon)
and generated SW (magnon) has occurred.

The calculated phase and power profiles (at s = 90 nm
configuration) of the SWs at the dominant peak frequency
(i.e., 0.55 GHz) are shown in Fig. 6(a) and (b), respectively
(obtained after post-processing of the magnetization data with
python). The phase profile shows that the profile at the
0.55 GHz frequency is almost uniform, while the power
profile at this frequency exhibits a complex propagation mode
in longitudinal direction. Therefore, the power in the SW
at s = 90 nm configuration is mostly concentrated in the
longitudinal magnetization oscillations.

In order to obtain the tuneability, we further patterned the
array of NWs in the MMA by keeping sop unaltered at 90 nm
along the transverse direction to develop a matrix of nanodots
in the MMA with 25 elements of dimensions 90 × 120 nm
separated at a horizontal distance of 15 nm as shown in Fig. 7.
Fig. 7(a) shows the initial random magnetization configuration
of the matrix of nanodots constituting the MMA, each of
which becomes a multidomain state, as shown in Fig. 7(b)
upon applying transverse stress in the matrix [previously,
we observed similar effects for the NWs in the MMA as
in Fig. 2(b)]. After launching the SAW on the substrate, the
multidomain states transform into multivortex states, as shown
in Fig. 7(c). Interestingly, it is observed, as shown in Fig. 7(d),
that the matrix of nanodots in the MMA retains their initial
multivortex state (that has been obtained after launching the
SAW on the substrate) even after completion of 20 ns of
simulation demonstrating their nonvolatility nature.

Due to further patterning of the NWs in MMA as
shown in Fig. 7(a), instead of generating the mutually syn-
chronized auto-oscillations in the NWs, the magnetization
auto-oscillations in the nanodots along x-/y-/z-directions

Fig. 6. At s = 90 nm configuration, (a) Phase and (b) power profiles of
the SWs at the dominant frequency, i.e., the 0.55 GHz mode showing the
uniformity of the profile, and complex propagation mode in longitudinal
direction, respectively. The color bars are shown on the right side of each
of the figures.

become nonlinear with time and exhibit a quasi-stable fluc-
tuation as evidenced from Fig. 8(a)–(c), respectively. The MX

component has a prominent beating period of ∼6 ns. This
nonlinear auto-oscillation generates 1.5/1.4 GHz microwave
frequencies as shown in FFTX /FFTY in Fig. 9(a) and (b) along
with some other bands (4.8 GHz in FFTX or 6.3 GHz in
FFTY ) with smaller amplitudes along the x- and y-directions,
respectively. However, the FFTZ as shown in Fig. 9(c) shows
a multiband (1.4–30 GHz) frequency spectra, where both
the 27.25 and 4.8 GHz frequencies have almost the same
amplitudes.

It is also worth mentioning that the generated frequencies
are greater than the SAW frequency, i.e., the nano-matrix has
its own magnonic modes due to the rich SW properties, which
are determined by the exchange energy and the demagnetizing
energy. The exchange energy in this matrix of nanodots in
the MMA (393 aJ) is almost double than the NWs of MMA
(187 aJ), while the demagnetization energy of the matrix of
nanodots in the MMA (238 aJ) becomes smaller than that
of the NWs of MMA (337 aJ). So, there must be a trade
off between the demagnetization energy and the exchange
energy of the systems. In the latter case, the unique frequency
tunability seems to be governed by the particular exchange
coupling modification in the vicinity of each of the dots within
the nano-matrix in the MMA. Overall, depending upon the
requirement, this novel ultracompact MMA could be designed
to generate desired frequencies and the generated nonvolatile
spin textures of the NWs/nanodots can also be useful in
energy-efficient logic and low-power computing applications.

The generated SWs further radiate electromagnetic
waves (photons) into the surrounding space, which could be
captured with a horn-antenna/spectrum analyzer for desired
applications [20]. The phonons, due to the launched SAW on
the piezoelectric substrate, first get coupled into the generated
magnons within the nanomagnets and following that, the
magnons further couple into the photons, i.e., the tripartite
coupling between phonon-magnon-photon takes place,
which could be exploited to generate desired microwave
frequencies.
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Fig. 7. Micromagnetic modeling of the patterned matrix of nanodots in the MMA. (a) Initial random magnetization configuration of the arrays.
(b) Obtained multidomain configuration in each of the nanodots in presence of transverse stress along Y -direction. (c) Multidomain structures in
(b) are diminished upon launching of the 0.5 GHz SAW along X-direction. (d) Final spin configuration of the NWs after completion of 20 ns simulation
showing the nonvolatility nature of the domains.

Fig. 8. Calculated oscillations in the magnetization components, MX, MY, and MZ, in a matrix of nanodots in the MMA along x-, y-, and z-directions
in (a)–(c), respectively, while the exciting SAW frequency remains kept constant at 0.5 GHz throughout the simulations.

Fig. 9. Power distribution of the patterned matrix of nanodots in the MMA along x-, y-, and z-directions in (a)–(c), respectively. In each of the graphs,
the corresponding insets reveal the magnified frequency spectra (0–20 GHz range) of MX, MY, and MZ of the highlighted region on the left side of
the parent power-frequency spectra (0–60 GHz range).

III. CONCLUSION

In conclusion, we have investigated a tripartite coupling
between phonons (SAW), magnons (SW), and photons (EM
wave) in ultracompact SW-dependent MMA developed with
magnetostrictive NWs/nanodots on the piezoelectric substrate

while generating microwaves with tuneable frequencies. Ini-
tially, SAW is launched onto the piezoelectric substrate, which
stimulates the magnetization precession of the NWs/nanodots.
As a result, the magnons (SW) have been generated within
the NWs/nanodots, which in turn causes the radiation of EM
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waves into the surroundings. The generated radiation can be
collected by a horn antenna for applications. Hence, these
MMAs are based on the tripartite coupling which provides
an advantage to utilize themselves over the electromechanical
resonance-based antennas. In addition, this novel structure
gives the liberty to further miniaturize the overall existing size
of the devices.
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