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Surface acoustic waves (SAWs) provide an efficient dynamical coupling between strain and magneti-
zation in micro- and nanometric systems. Using a hybrid device composed of a piezoelectric, GaAs, and
a ferromagnetic Heusler alloy thin film, Fe3Si, we are able to quantify the amplitude of magnetoacous-
tic waves generated with SAWs via magnetic imaging in an x-ray photoelectron microscope. The cubic
anisotropy of the sample, together with a low damping coefficient, allows for the observation of reso-
nant and nonresonant magnetoelastic coupling. Additionally, via micromagnetic simulation, we verify the
experimental behavior and quantify the magnetoelastic shear strain component in Fe3Si, which appears to
be large (b2 = 10 ± 4 MJm−3).
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I. INTRODUCTION

The use of charge carriers for information transport has
proven to be successful, but current technology is reaching
its limitations and the growing need for smaller, faster, and
more efficient information processing units calls for new
data carriers. One of the solutions compatible with exist-
ing technology and involving low-energy dissipation are
spin waves—collective excitation of magnetic order. How-
ever, the generation, detection, and manipulation of spin
waves are still the focus of many studies due to the multi-
ple interactions that these magnetization modes have with
other degrees of freedom such as phonons or photons [1,2].

The coupling between strain and magnetization—the
magnetoelastic (ME) effect—can be used to generate mag-
netization dynamics at the nanoscale with low-power dissi-
pation through surface acoustic waves (SAWs) [3–9]. The
interaction between SAWs and magnetization dynamics
has long been studied [9–19] and there are clear exper-
iments showing the variation of magnetic states caused
by SAWs. Conversely, changes in SAW propagation are
observed due to the action of magnetization dynamics.
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SAW-induced magnetization waves, including magneto-
acoustic switching, typically occur at magnetic resonances
[4,12–15,17,20]. Nonresonant driving of magnetic excita-
tions by SAWs have also been used for fast magnetization
switching of Co bars, pinning of domain walls in ferro-
magnetic nanowires, and assisted nucleation of skyrmions
[19]. However, there is no clear picture of what type of
magnetoacoustic waves might be generated, if any, when
magnetic and acoustic systems are in a nonresonance con-
dition. Therefore, imaging techniques capable of quantify-
ing both SAW and magnetization dynamics are required
to fully explore the interaction between these excitation
modes in both resonant and nonresonant conditions.

The coherent transport of spin waves up to micrometers
is a requirement for processing units and for that reason
finding materials with low damping coefficients is crit-
ical. Materials such as nickel have a large ME effect,
which makes them ideal for generating strain-induced spin
waves, but they display a large damping coefficient of
the order of 10−2 [21] causing short propagation dis-
tances and broad resonance peaks. In contrast, yttrium
iron garnet has a damping coefficient on the order of
10−4 [22], but high-quality growth is challenging and it is
a weak magnetoelastic material. Epitaxial Heusler alloys
are promising alternatives due to their low spin-wave
damping, half-metallicity, and compatibility with CMOS
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technology [23–29]. Specifically, Fe1−xSix films grown
epitaxially on GaAs have been reported to have a damp-
ing coefficient as low as 3 × 10−4 [30] and magnetoelastic
constant as high as b2 = 7 MJm−3, for a Si concentration
of x = 25% [31,32].

In this paper we study the acoustic excitation of spin
waves in samples consisting of a piezoelectric GaAs sub-
strate with interdigital transducers (IDTs) for the gener-
ation of SAWs, and a ferromagnetic Fe3Si thin film on
the SAW acoustic path (see Fig. 1). The high structural
quality of Fe3Si leads to very narrow ferromagnetic res-
onance (FMR) peaks, indicative of low Gilbert damping
(α � 0.005) and, therefore to a large coherence length of
the spin wave. To quantify the spin waves, direct imaging
through x-ray microscopy of both SAWs and magnetiza-
tion waves is taken at different magnetic fields, demon-
strating that magnetoacoustic waves are generated in a
wide range of fields, and showing that resonance is not an
essential condition to generate magnetoacoustic waves.

The paper is organized as follows. Section II describes
the sample fabrication process and the experimental pro-
cedures. Section III is divided into two parts: first, exper-
imental results, beginning with the characterization of the
sample via FMR and SAW transmission, and then analy-
sis of direct imaging of both SAWs and magnetic waves;
and second, micromagnetic simulations further verifying
and quantifying magnetoelastic constants of the sample

and supporting the result that magnetoacoustic waves can
also exist in nonresonance conditions. Section IV presents
conclusions on the results.

II. EXPERIMENTAL DETAILS

The studied sample is a 74-nm-thick Fe1−xSix film with
x = 25% Si content grown by molecular beam epitaxy
on a piezoelectric, GaAs (001) [23]. The fabrication of
the magnetoacoustic device begins by selective patterning
of the Fe3Si film into cross-shaped structures by electron
beam lithography and plasma etching. Pairs of IDTs are
deposited on opposite sides of the patterned Fe3Si film by
electron beam lithography, metal evaporation, and liftoff
(see Fig. 1), thus allowing for both the generation of SAWs
propagating along the Heusler film and the measurement
of transmitted SAW power (S21) along the acoustic path.
Figure 1(b) displays the S21 spectrum measured with a
vector network analyzer. The IDTs are designed to excite
Rayleigh SAWs [33,34] with a frequency of fSAW = 500
MHz and corresponding wavelength λSAW = 5.73 µm
propagating along the X ‖ [110] direction of the GaAs
substrate. Due to the high structural quality of the Fe3Si
film, the magnetization displays cubic in-plane anisotropy,
with easy and hard axes being the families of 〈100〉 and
〈110〉 planes, respectively. Therefore, the SAWs propa-
gate along one of the hard axes of the Fe3Si film, and

(a) (b)

(c)

FIG. 1. (a) Schematic setup of the hybrid device, where a cross-shaped Heusler alloy film (Fe3Si) is deposited on top of a GaAs
substrate with interdigital transducers (IDTs) on both sides. The top right corner shows the coordinates of the sample, where x and
y are the easy axes, while X and Y are the hard axes and show the equilibrium magnetization angle, ϕ0, and the magnetic field,
ϕH = π/4 + �ϕH , with respect to the easy axis x ‖ [100]. An rf signal of 500 MHz is sent to IDT 1 to excite SAWs in the [110]
direction and the x-rays are sent perpendicular to the SAW propagation direction. (b) Transmission coefficient between the two IDTs,
S21, as a function of the rf frequency, applied to IDT 1. The arrow points to the highest transmission and fundamental frequency of
IDT 1 at 500 MHz. (c) Schematic representation of the magnetization precession in the Fe3Si film with the SAW propagating in the X
direction and the x-rays in the Y direction. The dashed lines that stretch in the Y direction show the magnetic signal that is captured by
XMCD imaging.
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magnetization in the absence of a magnetic field lies along
any of the four easy axes forming a 45◦ angle with the
SAW path. Rayleigh SAWs are characterized by longitudi-
nal in-plane and out-of-plane strains εXX and εZZ , respec-
tively, as well as shear strain εXZ . The magnetoelastic effect
transforms these varying strain components into a dynamic
effective magnetic field in the Fe3Si film, which results in
the excitation of magnetoacoustic waves [35].

To image the sample, we used an x-ray photoemission
electron microscope (XPEEM) at the CIRCE beamline
at ALBA Synchrotron with a time and spatial resolution
below 80 ps and 100 nm, respectively. The SAW frequency
is synchronized to the repetition rate of the x-ray pulses,
and the SAW and magnetization images are taken simulta-
neously [3,7,36,37]. The sample was mounted on a holder
containing an electromagnet that can generate an in-plane
magnetic field up to 20 mT with a variable angle. In our
study, the magnetic field is applied close to the SAW prop-
agation direction, i.e., ϕH = π/4 + �ϕH with respect to
the [100] direction [see Fig. 1(a)]. Sending a radio fre-
quency (rf) signal of the appropriate frequency to IDT 1
generates SAWs in GaAs that excite spin waves in the
Fe3Si with the same wavelength and frequency. When the
sample and the electron microscope are kept at a large
potential difference, electrons leaving the sample due to
x-rays are accelerated toward the electron detector, where
the number of electrons captured from each position on
the sample depends on the amplitude of the piezoelectric
field accompanying the SAW [37]. This allows us to obtain
contrast images that are sensitive to SAW wavefronts at
the GaAs surface, as seen in the inset of Fig. 1. In con-
trast, no SAWs can be detected in Fe3Si due to its metallic
nature—free charge carriers shield the dynamic piezoelec-
tric field. However, the effect of the SAWs on the magne-
tization dynamics in the Fe3Si can be imaged using x-ray
magnetic circular dichroism (XMCD), which involves sub-
tracting two otherwise identical XPEEM images taken
with x-rays of opposite circular polarization [38].

III. RESULTS

A. Experimental results

The sample was initially characterized via FMR with
a broadband coplanar waveguide capable of producing
microwave magnetic fields with frequencies up to 20 GHz
[39]. Figure 2 shows the resonance fields for the uni-
form precession mode (spin wave with q = 0) when an
in-plane magnetic field is applied in the [110] direction
(hard axis). On top of the data, we plotted solid and dashed
lines calculated from a macrospin model that includes
fourfold crystalline anisotropy, shape anisotropy, and the
external magnetic field with a deviation angle �ϕH from
the [110] axis (see Refs. [29,35]). We notice here that
the curve corresponding to a magnetic field direction that
slightly deviates by �ϕH � 2◦ from the [110] axis fits
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FIG. 2. FMR for a magnetic field applied along the [110] crys-
talline direction (hard axis) with the modeling curves plotted on
top as continuous, dashed, and dotted lines for different devia-
tion angles of the magnetic field, �ϕH . The horizontal dashed
line corresponds to the SAW frequency and the arrow points to
the anisotropy field (9 mT) obtained from the model. The green
curve at 4.5 GHz displays the absorption peak in the form of
a Lorentzian derivative. The inset shows the variation of the
SAW attenuation for fSAW = 500 MHz as a function of the mag-
netic field strength for different field angles, �ϕH between SAW
and H.

well the experimental data. The curve corresponding to
a perfectly aligned magnetic field, �ϕH = 0◦ (continuous
black curve), clearly shows the magnetic field required to
suppress the in-plane anisotropy field, μ0Hk = 9 mT, and
align the magnetization along the hard axis. We also mea-
sured the linewidth broadening as a function of microwave
frequency and found a value for the Gilbert damping coef-
ficient, α = 0.005 [40], an order of magnitude smaller than
for nickel [21].

We also plotted in Fig. 2 a horizontal dashed line rep-
resenting the frequency used in the SAW experiment (500
MHz). The crossing points between the FMR curves and
the dashed line indicate the magnetic fields at which the
magnetization of the Fe3Si film is at resonance with the
SAW frequency. Notice that a slight deviation of the mag-
netic field (�ϕH �= 0) and the fact that the SAW excites
spin waves with q �= 0 can shift the resonance condition to
slightly larger magnetic fields [41].

To characterize further our hybrid structures, we mea-
sured the change in SAW attenuation as a function of
the magnetic field strength (see the inset of Fig. 2). Mea-
surement of power transmission, S21, between two oppo-
site IDTs serves to investigate the resonant ME coupling
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between SAW and spin waves in our Heusler thin film.
Similarly to FMR measurements, there is a sharp transmis-
sion dip with a linewidth of approximately 1 mT, caused
by the additional transfer of energy between SAW and
magnetization under resonance conditions. This resonance
dip shows a strong angular dependence already reported
for epitaxial Fe thin film in GaAs by Duquesne in Ref.
[42] and Rovillain in Ref. [43]. In our case, a devia-
tion of �ϕH = ±1.5◦ of the magnetic field direction with
respect to the [110] axis results in no measurable power
loss associated to the magnetoelastic resonance (see Fig. 2
inset).

Next, we turn to the main experimental results consist-
ing of resolving in space and time the evolution of mag-
netoacoustic waves in the Heusler film. First, we charac-
terized the strength of a 500-MHz SAW by direct XPEEM
images of the GaAs substrate. The observed SAW wave
fronts in the XPEEM image (see the left-hand side of the
inset in Fig. 1) are associated with the energy shift of sec-
ondary electrons leaving the sample surface of GaAs due
to the piezoelectric field of the SAW. The energy shift can
be quantified by a local photoelectron kinetic energy scan
[37]—photoemission intensity as a function of the elec-
tron kinetic energy. The shift between both spectra taken at
the wave edges (the difference between maxima and min-
ima) corresponds to the peak-to-peak value and was found
to be Vp.p. = 0.1 V. By numerically solving the coupled
elastic and electromagnetic equations for a SAW propagat-
ing along the [110] axis of GaAs [37], we estimate that
the measured piezoelectric amplitude of V0 ≈ Vp.p./2 ≈
0.05 V at the surface of the GaAs substrate corresponds
to strain components with amplitudes εXX = 3.6 × 10−5,
εZZ = 2.3 × 10−5 and εXZ = 7.4 × 10−7 at about 30 nm
depth of the Fe3Si film (which corresponds to half the film
thickness). This is almost one order of magnitude smaller
than the same quantity measured in LiNbO3 piezoelectric
structures under similar SAW frequencies [3,7].

To obtain XMCD images that are proportional to the
Fe3Si magnetization component along the x-ray incidence
direction, we selected the x-ray energy for the L3 absorp-
tion edge of Fe [38]. In our experiment, the x-ray incidence
is along the hard axes (Y axis) perpendicular to the SAW
propagation direction [see Fig. 1(c)]. Figure 3(a) shows
an XMCD image revealing magnetic domains in all four
easy axis directions with a strong contrast that allows us to
quantify the overall change in magnetization in the x-ray
direction.

The generation of SAWs in GaAs creates a dynamic
strain in the Fe3Si film that induces a time-varying mag-
netic anisotropy, which leads to the excitation of mag-
netoacoustic waves. Their amplitude can be seen in the
XMCD image, but with contrast between one or two orders
of magnitude lower than the magnetic domains observed
in Fig. 3(a). Figure 3(b) displays an XMCD image under a
magnetic field of μ0H � 10 mT, showing magnetoacoustic

(a) (b)

FIG. 3. (a) XMCD image of the magnetic domains in Fe3Si
and of the SAW in the GaAs. The magnetization direction of each
domain is represented by white and black arrows. The difference
between opposing magnetic states is represented by �mY. (b)
XMCD image with SAW in the GaAs and spin waves in Fe3Si.

waves in the Fe3Si film (there are no magnetic domains
for applied fields larger than 1 mT). A remaining SAW
signal in the GaAs is still visible, both in Figs. 3(a) and
3(b), due to tiny temperature drifts during integration time,
which make the two XPEEM images taken for XMCD
slightly different and thus not fully canceling out the SAW
component.

To study the importance of magnetic resonance con-
dition in the generation of magnetoacoustic waves, we
measured XMCD images as a function of the applied mag-
netic field as was done in the FMR and SAW transmission
characterization in Fig. 2. In the case of XPEEM, the max-
imum field used was 12 mT in order to avoid excessive
image distortion. We took XMCD images in two different
areas of the sample, P1 and P2, as shown in Fig. 1. Loca-
tion P1 includes both the GaAs substrate and the Fe3Si film
as seen in Fig. 3(b). By fitting the magnetoacoustic wave
profile to a sinusoidal function [44], we can retrieve the
amplitude and quantify it with respect to the overall Ms
value found in the magnetic domain image [45]. The nor-
malized amplitude is showcased in Fig. 4 for the two areas
and shows that there are sizable magnetoacoustic waves on
a large magnetic field range with a sharp increase around
9–10 mT, which is exactly the magnetic resonance field for
spin waves with q = kSAW. Thus, magnetoacoustic waves
are created with SAW even under nonresonance condi-
tions. The constant SAW attenuation out of resonance does
not result in a constant magnetization wave excitation, but
rather creates a broad peak that depends on the effective
magnetic field within the Fe3Si film. When the effec-
tive field is low, the small amount of energy transferred
from the SAW is enough to create a sizable magnetization
wave, while when the effective field is large, there is no
measurable magnetization wave. Our quantification of the
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FIG. 4. Spin-wave amplitude obtained from the XMCD
images as a function of the in-plane magnetic field at two
different positions (P1, P2) of the sample as indicated in Fig. 1(a).

magnetoacoustic waves gives an estimate of 0.5–1.5◦ pre-
cession amplitude for the magnetization vector around the
equilibrium.

The results of both sample locations are similar and are
plotted in Fig. 4. Two parts can be identified: the first
resembles a broad inverted parabola, and the second is a
narrow peak of 1 mT width close to 9–10 mT. The first part
corresponds to nonresonant magnetoacoustic excitation. In
the absence of an applied magnetic field, the effective field
associated with the cubic anisotropy keeps the magnetiza-
tion along the in-plane easy axes of the Fe3Si film [as seen
in the XMCD image of Fig. 3(a)]. As the in-plane magnetic
field increases, it generates a torque that partially coun-
teracts the anisotropy, until it reaches the anisotropy field
close to 9 mT. At this point, the total effective field is zero,
so that the magnetization can easily respond to the periodic
magnetic anisotropy modulation created by the SAW. Fur-
ther increases of the magnetic field strength again locks
the magnetization direction, so that oscillations around
the equilibrium direction become smaller. The second part
of the curve corresponds to resonance or near-resonance
effects close to 9–10 mT. Here, the magnetization preces-
sion is enhanced due to the proximity of the spin-wave
and acoustic wave frequencies, leading to the additional
power losses observed in the FMR and SAW transmission
experiments of Fig. 2.

B. Micromagnetic simulation

We performed micromagnetic modeling with MUMAX3
[46] to estimate magnetoelastic constants, b1 and b2,

that couple the strain of the SAW with the magnetiza-
tion of the Fe3Si. The modeling accounts for all mag-
netic interactions, including dipolar, shape, and cubic
anisotropies, as well as exchange interactions together with
time and spatially oscillating strain fields associated with
the SAW. We used the strain field amplitudes found in
Sec. III A and the following values for the ferromagnetic
Fe3Si film found via FMR [40]: Ms = 955 × 103 A/m,
Aex = 1 × 10−11 J/m, α = 0.005, and Kc1 = −4400 J/m3,
where Ms is the saturation value of magnetization, Aex
is the exchange stiffness and Kc1 is the first-order cubic
anisotropy constant. The value of Aex was calculated using
the exchange stiffness constant D = 240 meV Å2 [47] and
the relation Aex = DMs/2gμB where g is the Landé fac-
tor and μB is the Bohr magneton. The free energy of the
magnetoelastic interaction [35,48] can be written as

FME = b1

[
εxxm2

x + εyym2
y + εzzm2

z

]

+ 2b2
[
εxymxmy + εxzmxmz + εyzmymz

]
, (1)

where the strain components εij , and normalized magneti-
zation components, mi, with i, j = (x, y, z) are expressed
in the coordinate system with axes parallel to the 〈100〉
directions of GaAs and Fe3Si. The SAW strain compo-
nents εXX , εZZ and εXZ , expressed in the rotated frame
with the X and Y axes parallel to the 〈110〉 directions of
GaAs and Fe3Si, are related to the strain components in the
coordinate system (x, y, z) using the following formulas:

εxx = εXX cos2 ϕSAW, εxy = εXX cos ϕSAW sin ϕSAW,
εyy = εXX sin2 ϕSAW, εxz = εXZ cos ϕSAW,
εzz = εZZ , εyz = εXZ sin ϕSAW,

(2)

where ϕSAW is the angle between the SAW propagation
direction and the crystallographic x axis parallel to the
[100] direction.

Substituting Eq. (2) in Eq. (1), and considering that the
equilibrium magnetization lies along the surface of the
sample, the effective magnetoelastic field can be obtained
as μ0h = −∇mFME. It can be expressed as

μ0hip = b1 sin(2ϕ0) cos(2ϕSAW)εXX

− b2 cos(2ϕ0) sin(2ϕSAW)εXX ,

μ0hoop = 2b2 cos(ϕ0 − ϕSAW)εXZ , (3)

where hip and hoop are the in-plane and out-of-plane effec-
tive fields, respectively, and ϕ0 is the equilibrium direction
of the magnetization with respect to the crystallographic x
axis [100] as shown in Fig. 1. When the SAWs are perfectly
aligned with the hard axis, ϕSAW = π/4, both fields depend
only on b2. The term proportional to b1 only contributes to
hip when the SAW propagation direction deviates from the
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hard axis. Moreover, in recent papers [49,50], a new driv-
ing field has been discussed whose orientation and angular
dependence is the same as for hoop. This field is attributed
to magnetorotation (MR), which connects the rotation
of the lattice with magnetic anisotropies. The equation
of the effective MR field is μ0hMR = −2KuwXZcos(ϕ0 −
ϕSAW), where wXZ = 1/2(∂uX /∂Z − ∂uZ/∂X ) and Ku =
−1/2μ0Meff is the uniaxial out-of-plane anisotropy. Using
the strain values given in Sec. III A, we obtain μ0hip = 0.1
mT and μ0hoop = 7 × 10−4 mT. Regarding MR, the max-
imum value of wXZ is found to be 5.5 × 10−5, resulting in
an effective MR field μ0hMR = 0.06 mT. This is two orders
of magnitude larger than the ME hoop field. However, our
simulations show that, for fSAW = 500 MHz, the magneti-
zation dynamics is mostly determined by hip [51], so that
we can neglect the contributions of both hoop and hMR.

The SAW strain is modeled as a propagating wave that
depends on the amplitude and propagation direction as

εjk(r, t) = ε0
jk exp(i(kr − ωt)), (4)

where ε0
jk is the amplitude, k = 2π/λSAW and ω = 2π fSAW

are the wave vector and the angular frequency of the SAW,
respectively. We varied the strength of the applied mag-
netic field as well as the angle �ϕH from 0.5◦ up to 3◦.
We also took the magnetoelastic constants b1 and b2 as
parameters.

The simulation involves sweeping the magnetic field as
a function of time using the equation μ0H = μ0H0t/tmax,
where μ0H0 is the final magnetic field (20 mT in this
case) and tmax is the total simulation time. Therefore, the
magnetic field goes from 0 to 20 mT, where each step
of time corresponds to a step in magnetic field. The ini-
tial magnetic state is fixed at an easy axis and evolves
to the magnetic state with minimum free energy for each
magnetic field. Figure 5 gives a summary of the results,
where the evolution of both equilibrium magnetization
and oscillation amplitudes is plotted as a function of the
applied magnetic field. Figure 5(a) shows the normalized
magnetization of the oscillating signals for the magnetic
components mX and mY [coordinate system with a capital
letter (X , Y, Z)] with each line color representing a differ-
ent angle between the magnetic field and the SAW, �ϕH .
Both magnetization components start at cos(45◦). As the
magnetic field applied along the X direction approaches
the anisotropy field, mX tends to 1 and mY tends to 0. The
inset in Fig. 5(a) shows the magnetization in the Y direc-
tion as a function of time and shows that the magnetization
oscillates with a period of 2 ns corresponding to the SAW
frequency of 500 MHz. Figure 5(b) shows the peak-to-
peak amplitude of the mY component—equivalent to the
component extracted from the spin waves in the XMCD
images—as a function of the magnetic field, for differ-
ent alignment angles between the magnetic field and the

(a)

(b)

FIG. 5. (a) Average normalized magnetization components,
mX and mY, as a function of the magnetic field strength for sev-
eral degrees of misalignment between the magnetic field and the
SAW propagation direction. The inset shows the mY component
as a function of time, and the amplitude is taken peak-to-peak.
The value mavg is the moving average of the time oscillation
where each time step corresponds to a magnetic field step. (b)
Amplitude of the normalized magnetic component mY (spin-
wave amplitude) as a function of the magnetic field for different
angles �ϕH .

SAW, �ϕH . The amplitude of the magnetization oscilla-
tion has the same behavior as that found from the XMCD
experiment: a broad peak centered at the anisotropy field
μ0Hk and a narrow 1 mT peak centered at the magnetic
resonance close to 9–10 mT. We notice that as the angle
of misalignment, �ϕH , increases, the resonance peak dis-
appears, and only the broad peak is left. This is due to
the further shift of the spin-wave resonance curve for
q = kSAW [41] away from the SAW frequency (500 MHz),
and, similarly to absorption experiments, an angle �ϕH
larger than 1.5◦ results in a negligible resonance coupling
between SAWs and spin waves.

Finally, we investigated the dependence of the simu-
lated curves on the values of the magnetoelastic constants
b1 and b2. As mentioned previously, the term of the MR
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field proportional to b1 has a small effect on magnetization
dynamics and therefore is fixed at b1 = 5 MJ/m3, while
b2 was swept from 0 to 14 MJ/m3. The best agreement
between simulations and experimental results falls in the
range b2 = 10 ± 4 MJ/m3. Figure 5(b) shows the results
obtained for b2 = 10 MJ/m3. The simulations for �ϕH
between 0.5° and 1° are in good agreement with our data
from the XMCD-XPEEM experiment.

IV. DISCUSSION AND CONCLUSIONS

We have investigated the acoustic excitation of spin
waves in hybrid structures consisting of a piezoelec-
tric GaAs substrate and a ferromagnetic Fe3Si thin film.
We have directly imaged and quantified magnetoacous-
tic waves in Fe3Si generated with SAWs and observed
that magnetoacoustic waves are generated within a wide
range of applied magnetic fields with a clear boost at mag-
netic resonance. The boost at the resonance field matches
the FMR and SAW-FMR absorption peaks, indicating a
larger energy transfer between the SAW and the mag-
netic system. However, we clearly observed magnetoa-
coustic waves at nonresonance fields, with less energy
absorption. Thus, we conclude that resonance and energy
absorption techniques do not provide a full picture of the
magnetoacoustic dynamics in magnetic materials.

Further, XPEEM data allowed us to directly quantify
the SAW strain components, and the amplitude of the
SAW-induced spin waves was obtained from the corre-
sponding XMCD images. Finally, through micromagnetic
simulations, we have determined a range for the strength of
the shear magnetoelastic constant (b2 = 10 ± 4 MJ/m3) at
500 MHz.

The findings presented in this study offer valuable
insights into the creation, detection, and manipulation of
spin waves using SAWs. To date, magnetoelastic constants
have primarily been determined using static measure-
ments. Therefore, demonstrating that the dynamic mag-
netoelastic effect can also be utilized up to the gigahertz
range for controlling magnetization dynamics with compa-
rable efficiency to the static case underscores the potential
of spin-wave-based devices as promising candidates for
future information processing units. These devices offer
the advantage of low-energy dissipation and compatibility
with existing technologies.
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