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Study of the magnetoelastic effect in nickel and cobalt thin films at GHz range
using x-ray microscopy
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We use surface acoustic waves of 1 and 3 GHz in hybrid piezoelectric-magnetic systems with either nickel or
cobalt as a magnetic layer to generate magnetoacoustic waves and directly image them using stroboscopic x-ray
magnetic circular dichroism imaging. Our measurements visualize and quantify the amplitudes of both acoustic
and magnetic components of the magnetoacoustic waves, which are generated in the ferromagnetic layer and can
propagate over millimeter distances. Additionally, we quantified the magnetoelastic strain component for nickel
and cobalt through micromagnetic simulations.
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I. INTRODUCTION

There is an increasing interest in manipulating magneti-
zation dynamics to create low-power consumption devices
capable of transmitting and encoding information efficiently
[1]. A challenge lies in effectively creating and controlling
magnetic excitations in nanodevices. The most common way
to manipulate magnetization typically involves the use of
magnetic fields. However, this approach has several down-
sides, including issues with nonlocality, and challenges with
integrating controllable magnetic fields into micrometer-scale
devices. Other approaches explore interactions of conducting
electron’s spin [2,3], lattice phonons [4,5], or ultrashort light
pulses [6] with magnetic excitations. Promising alternatives
have been proposed, such as the use of strain. The field of
straintronics [4] studies strain-induced effects in solids and
special attention is directed to magnetic materials as a promis-
ing alternative for reduced energy-consumption devices [7].
Strain couples to magnetic states through the magnetoelas-
tic (ME) effect, which is the change of magnetic properties
due to mechanical deformation. This effect has already been
proposed and used in many applications [5] including the
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reversing magnetization of patterned nanomagnets [8,9] or
inducing a phase transition from antiferromagnetic ordering
to ferromagnetic ordering [10].

The ME effect can be used to generate spin waves—
collective excitations of magnetic order—through surface
acoustic waves (SAWs) [11,12], which are strain waves prop-
agating at the surface of a solid. SAWs generate an oscillating
strain in both space and time which can create an oscillat-
ing magnetic anisotropy field on a magnetostrictive material
[13,14]. This dynamic anisotropy field may induce a magne-
tization variation with the same wavelength and frequency as
the SAWs and the excitation may propagate up to millimeter
distances [15]. These hybrid waves are referred to as magne-
toacoustic waves (MAWs) and have been studied in a wide
range of materials by measuring acoustic attenuation as a
function of the magnetic state [16–20] or by direct imaging
using magneto-optic Kerr effect (MOKE) [20,21] or x-ray
magnetic circular dichroism (XMCD) [15,22]. Using the same
principles, more recently also Néel vector waves have been
observed in antiferromagnetic CuMnAs [23] by x-ray linear
dichroism (XLD).

SAWs are typically generated using interdigital transduc-
ers (IDTs) deposited on piezoelectric substrates [24]. IDTs
are interlocking arrays of metallic electrodes that can excite
SAWs up to GHz frequencies. IDTs are used in electronics
as radio frequency delay lines and filters and their integration
into micrometric devices is well established [25]. SAW-based
technology can be efficiently integrated into low-power de-
vices since the SAW amplitude depends on the amplitude
of the oscillating voltage applied to the IDT instead of the
current.

2643-1564/2024/6(2)/023285(9) 023285-1 Published by the American Physical Society

https://orcid.org/0000-0001-7172-1452
https://orcid.org/0000-0002-9696-3498
https://orcid.org/0000-0002-2941-1861
https://orcid.org/0000-0002-5165-0199
https://orcid.org/0000-0002-9665-2059
https://orcid.org/0000-0003-1810-8768
https://orcid.org/0000-0003-4361-9914
https://orcid.org/0000-0002-4147-6668
https://orcid.org/0000-0001-5972-4810
https://ror.org/021018s57
https://ror.org/00k1qja49
https://ror.org/021018s57
https://ror.org/02j9n6e35
https://ror.org/05xg72x27
https://ror.org/021018s57
https://ror.org/01c997669
https://ror.org/01mk1hj86
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevResearch.6.023285&domain=pdf&date_stamp=2024-06-17
https://doi.org/10.1103/PhysRevResearch.6.023285
https://creativecommons.org/licenses/by/4.0/


MARC ROVIROLA et al. PHYSICAL REVIEW RESEARCH 6, 023285 (2024)

FIG. 1. (a) Schematic of the experimental setup. A thin film of either Ni or Co is grown in the middle of the acoustic path (x-y plane),
where SAW propagate along the x direction. The Co sample can only be excited at 1 GHz by either IDT. The microscope (XPEEM Objective)
is operated at 10 kV with respect to the sample to accelerate low energy electrons kicked out by the x rays (which are applied along the y
axis). From this setup, we can obtain XPEEM and XMCD images. The magnetic field is applied in-plane at an angle ϕH = 45◦ relative to the
SAW propagation direction. (b) Local photoelectron energy spectra measured at opposite SAW phases (tensile and compressive). The orange
line represents the dark SAW phase, while the blue line represents the bright SAW phase. The x axis depicts the bias voltage applied between
the sample and the XPEEM objective; voltage shift between both spectra corresponds to the peak-to-peak SAW piezoelectric voltage, Vpp.
(c) Representation of the direction of SAW (x direction), magnetic field (45◦), and x ray (y direction). In this experiment, the SAW and x ray
are perpendicular to each other. The horizontal dashed lines represent the change in magnetization projection captured with the x rays.

Magnetic imaging techniques based on MOKE [26,27] or
XMCD [15,22,28] provide the opportunity to directly measure
MAWs and thus study the effect of the coupling between
strain and spin waves in both space and time. Recent experi-
ments have shown that the ME effect is as efficient in dynamic
processes up to 500 MHz as in static processes [28], thus
fueling the idea of using SAWs in magnonic applications.
Furthermore, experiments on Fe3Si with cubic anisotropy
revealed both resonant and nonresonant MAWs [22] with a
noticeable increase in amplitude at resonance. There is thus
a need for working at the GHz frequency range where most
ferromagnets have internal resonances and where miniatur-
ization of MAWs might meet the requirements for modern
technologies [25].

In this paper, we study MAWs at 1 and 3 GHz in nickel
(Ni) and MAWs at 1 GHz in cobalt (Co) using strobo-
scopic x-ray photoemission electron microscopy (XPEEM)
combined with XMCD imaging. Our analysis reveals that
both Ni and Co exhibit MAWs across a wide range of mag-
netic fields, with each material displaying different profiles
and amplitudes. With the help of micromagnetic simulations,
we are able to quantify the strength of the magnetoelas-
tic coupling for both magnetic materials at the studied
frequencies.

II. EXPERIMENTAL METHODS

Thin films of polycristalline Ni and Co with a thickness of
20 nm were grown on the acoustic path of several SAW delay
lines by e-beam evaporation. The samples exhibit an in-plane
anisotropy with a magnetization saturation of 490 kA/m3

for Ni and 1510 kA/m3 for Co. The delay lines consist of
pairs of unidirectional IDTs deposited on piezoelectric lithium
niobate (128Y-cut LiNbO3) substrates; see Fig. 1. The IDTs
are designed to generate SAWs with frequencies of 1 GHz
and 3 GHz for the Ni sample and only 1 GHz for the Co
sample. These frequencies are conveniently selected to match
the synchrotron repetition rate (499.654 MHz), thus allowing
for stroboscopic images. To generate SAWs, we excite the
IDTs with an oscillating electrical signal of the appropriate
frequency that is transformed into strain through the inverse
piezoelectric effect [11]. Notice that SAWs are limited to a
substrate depth of the order of the SAW wavelength [29],
corresponding to 3.8 µm and 1.26 µm for 1 and 3 GHz, respec-
tively. Within this depth region, the SAW causes a periodic
modulation of the crystal lattice in the substrate and on any
thin film deposited on its surface. If the thin film is magne-
tostrictive, then the periodic displacement of atoms caused
by the SAWs produces a periodic effective magnetic field in
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the thin film as a result of the inverse magnetostrictive effect,
commonly referred to as the ME effect.

The experiment was performed at the XPEEM experimen-
tal station of the ALBA Synchrotron Light Facility [30]. A
schematic representation of the setup is shown in Fig. 1(a).
SAWs are emitted in the x direction and are synchronized
with the repetition rate of the synchrotron x-ray bunches. This
synchronization allows for stroboscopic images at a particular
phase of the SAWs. The x rays from the synchrotron are
directed onto the sample, knocking out secondary electrons
(called photoelectrons). These photoelectrons are then pulled
out of the sample by a 10 kV potential difference between the
XPEEM objective and the sample. The kinetic energy of these
photoelectrons is sensitive to the electrical field at the sample
surface. By adjusting a bias voltage at the detector we can scan
the photoelectron energy spectrum at the sample surface. Fig-
ure 1(b) shows the photoelectron energy spectra at different
SAW phases. The shift in energy between phases is directly
related to the electric potential generated by the SAWs. How-
ever, the metallic nature of the thin films of Ni and Co shields
the piezoelectric field within the first nanometers at the bottom
of the film and therefore the SAW’s electric potential van-
ishes at the film’s top surface. To obtain magnetic contrast,
two XPEEM images with opposite circular light polarization
(circular left and circular right) are subtracted to obtain an
XMCD image. The energy of the x rays is specifically chosen
at the L3 edge of Ni and Co to provide information about
the electrons responsible for the magnetization. More details
on synchronized SAW stroboscopic XPEEM measurements
and the upgraded setup to support >500 MHz excitations can
be found elsewhere [31,32]. The insets of Fig. 1(a) display
the three imaging modalities of the setup. The top-left cor-
ner depicts an XPEEM image with clear SAWs contrast on
the LiNbO3, accompanied by a weak contrast of magnetic
domains on the Co. The top-center depicts an XMCD image
that highlights the magnetic contrast on the Co magnetic do-
mains, accompanied by faint traces of residual SAWs on the
LiNbO3 due to thermal drifts in subsequent images (and thus
slightly different SAW propagation velocities). The top-right
corner depicts a two-phase-XMCD image, which consists of
capturing two XPEEM images with a 180-phase shift in SAW
for each x-ray helicity, followed by a subtraction between
both phases and helicities. This method enhanced both the
magnetic and piezoelectric contrast while eliminating static
contrast such as magnetic domains, enabling a clearer mea-
surement of MAWs. Figure 1(b) illustrates the local spectra
detector counts for Ni at 1 GHz plotted against the bias volt-
age, which is applied between the sample and the XPEEM
objective, at opposite SAW phases, highlighted in orange and
blue. The voltage shift between both spectra (Vpp) corresponds
to the peak-to-peak amplitude of the SAW piezoelectric po-
tential at the surface of the LiNbO3 substrate. Figure 1(c)
shows the directions of the SAW, the magnetic field, and the
x rays. The SAW and the magnetic field are at about 45◦
with respect to each other to exert maximum magnetoelastic
torque [33], whereas the SAW and x rays are perpendic-
ular to each other in order to detect the magnetization
changes in the y direction as represented by the dashed lines
in Fig. 1(c).

III. RESULTS

An initial characterization of the samples was performed to
study the angular dependence of their acoustic-ferromagnetic
resonance (a-FMR) at 1 GHz. The experiment consists of
placing our hybrid device [see Fig. 1(a)] between the poles
of an electromagnet and measuring the transmitted acoustic
signal between IDT1 and IDT2, S21, with a vector network an-
alyzer at different angles between the SAWs and the in-plane
magnetic field. In contrast to FMR, where an rf-magnetic field
is used to drive the magnetization into resonance, a-FMR uses
the periodic strain field of the SAW to induce magnetization
precession by modulating the effective magnetic field of the
sample. Additionally, the nonzero wave vector of the SAW
must be taken into account in the determination of the reso-
nance magnetic fields and frequencies [17].

The coupling between magnetization and SAWs can gen-
erate MAWs under certain conditions of the external magnetic
field. At resonance, significant energy is transferred from the
SAW to the magnetic system, resulting in SAW attenuation
and phase shift that are detected in the S21 measurement [16].
The SAW attenuation as a function of the magnitude and angle
of the applied magnetic field (in both cases, the magnetic field
was swept from negative to positive values) is presented in
Fig. 2. In both samples, a large attenuation is observed, regard-
less of the angle, at a fixed magnetic field that corresponds to
the magnetization-switching field of the film. In addition, Ni
[Fig. 2(a)] shows the typical fourfold shape with large atten-
uation between ±30◦ and ±50◦ and a maximum around 45◦
where the ME torque is the largest [16,33,34]. As the angle
between SAW and the magnetic field exceeds 50◦ or drops
below 30◦, the attenuation decreases, reaching the minimum
ME torque at 0◦ and 90◦. In contrast, the SAW attenuation for
Co [Fig. 2(b)] is strongest at magnetic field angles between
−30◦ and 30◦, above which the attenuation rapidly decays.
Similar results for Co can be found in Ref. [35]. We can
see an asymmetric attenuation in the Co sample for both
positive and negative fields and positive and negative angles.
This nonreciprocal behavior is typically determined by the
effective magnetic fields associated with the SAW due to the
magnetoelastic and magnetorotation couplings [36–38]. Insets
in Figs. 2(a) and 2(b) show S21 attenuation at representative
angles, where the nonreciprocal effect can be observed, espe-
cially for the Co sample.

Prior to capturing XMCD images of the magnetization, the
IDTs are tested by measuring the amplitude of the SAW piezo-
electric potential according to the method shown in Fig. 1(b).
By solving the coupled elastic and electromagnetic equations,
we can obtain the amplitude of the strain components, exx, exz,
and ezz, associated with the SAW images [39,40]. It is impor-
tant to note that the strain components may vary depending on
SAW frequency. Thus we measured the strain component in
each sample at the same SAW excitation frequency and power
that are employed for the XMCD imaging (see Table I).

In the following sections, we show the results obtained
from the XMCD imaging and discuss the amplitude of the
MAWs for the different samples and excitation frequencies.
To normalize the MAW amplitude, we determine the Ms in
units of XMCD contrast from an XMCD image featuring
magnetic domains [see Fig. 1(a)]. The contrast difference

023285-3



MARC ROVIROLA et al. PHYSICAL REVIEW RESEARCH 6, 023285 (2024)

FIG. 2. (a) Ni S21 attenuation at 1 GHz for several angles be-
tween the SAW and the magnetic field showing different absorption
values with a maximum close to 45◦ and minimums at 0◦ and above
60◦. The inset shows a horizontal cut of S21 attenuation for ϕH = 40◦

(black curve) and ϕH = 30◦ (blue curve). (b) Co S21 attenuation at
1 GHz for several angles between the SAW and the magnetic field.
Co shows absorption when the SAW and the magnetic field are at an
angle between −30◦ and 30◦. The insets show a horizontal cut of S21

for ϕH = 40◦ (black curve) and ϕH = 30◦ (blue curve).

between opposite magnetizations can be directly linked to the
Ms component in the direction of the x rays.

A. MAWs in nickel

The Ni sample was studied for two SAW frequencies: 1 and
3 GHz. Figures 3(a) and 3(b) show two-phase XMCD images

TABLE I. Amplitudes of the SAW strain components for each
sample and SAW frequency corresponding to the V pp values ob-
tained from the secondary photoelectron energy spectra.

Sample Vpp(V ) exx (10−5) exy(10−5) ezz(10−5)

Ni (1 GHz) 0.90 14.3 2.95 4.23
Ni (3 GHz) 0.40 19.0 3.93 5.64
Co (1 GHz) 1.05 16.6 3.44 4.93

of excitations of both signals (1 and 3 GHz, respectively). The
bottom part of the images corresponds to LiNbO3 and displays
the SAWs and the top part corresponds to Ni and shows the
MAWs as indicated. Both images are taken with the same
field-of-view (20 × 20 µm) and the same color scale to be
able to distinguish the wavelength and the contrast difference.
Figure 3(c) shows the MAW profile of both frequencies with
their corresponding sinusoidal fit to show the large difference
in amplitude (as well as the difference in wavelength). The si-
nusoidal fits use the amplitude and phase as fitting parameters,
while the 1 GHz/3 GHz SAW excitation gives the frequency
(and the wavelength). A summary of the normalized MAW
amplitudes at different magnetic fields is presented in Fig. 3(d)
for 1 GHz (black symbols, left axis) and 3 GHz (orange
symbols, right axis). The overall magnetization precession
amplitude at 1 GHz is one order of magnitude larger than that
of 3 GHz, while the measured strain amplitude at the substrate
was similar for the two frequencies; this will be explored in
more detail in Sec. IV.

B. MAWs in cobalt

The Co sample was only studied at 1 GHz. Figure 4(a)
displays a representative two-phase XMCD image with a field
of view of 50 × 50 µm, where clear SAWs in LiNbO3 and
MAWs can be observed in Co at 1 GHz. The profile of this
MAW is shown in Fig. 4(b) with the corresponding sinusoidal
fit. Figure 4(c) collects results from different magnetic field
values, without a clear trend but with different amplitudes for
opposite magnetic field directions. This nonreciprocal behav-
ior was seen as well in the SAW attenuation measurements
shown in Fig. 2(b). We notice here that the studied range of
fields is small and one may hint at a slight amplitude increase
close to μ0H = ±7 mT. The amplitude of the MAW is two
orders of magnitude smaller than Ni at 1 GHz (and even one
order smaller than Ni at 3 GHz). We notice here that in both
experiments the applied magnetic field formed an angle of
∼45◦ with respect to the SAWs which could be outside the
region of resonant coupling for Co [see Fig. 2(b)]; we will
discuss it in Sec. IV.

IV. DISCUSSION

The experimental techniques employed here measured dif-
ferent quantities; a-FMR determines the attenuation of SAW
energy under MAW resonance, while XMCD is a direct repre-
sentation of the magnetization dynamics in the ferromagnetic
film. By comparing our results with micromagnetic simula-
tions, we can determine the efficiency of converting strain into
a magnetization variation, thus obtaining the magnetoelastic
constants.

The experimental results demonstrate a notable
consistency in the behavior of Ni and Co at 1 GHz in
both a-FMR and XMCD. Starting with Ni, when placed
under a magnetic field at ϕH = 45◦ relative to the SAWs, the
effect of the ME coupling is the strongest at approximately
±4 mT and it decays as the magnetic field strength increases.
In the case of Co, the magnetic field that we could apply in
XMCD imaging did not exceed 7 mT, limiting our knowledge
at higher fields. However, a peak close to 5 mT is observed
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FIG. 3. (a) Two-phase XMCD image of Ni showing the MAW driven at 1 GHz. (b) Two-phase XMCD image of Ni showing the MAW
driven at 3 GHz. Both color scales of (a) and (b) are equal to visually see the difference in contrast and are expressed in XMCD contrast,
which is the difference in absorption between light circularly polarized to the right or to the left. (c) Experimentally determined MAW profiles
at 1 GHz (black curve) and 3 GHz (green curve). The red and blue curves are fittings to a sinusoidal function. (d) Dependence of the MAW
amplitude on the external magnetic field. The left axis represents the excitation at 1 GHz, while the right axis represents the excitation
at 3 GHz.

in both a-FMR and XMCD experiments, with a decrease in
amplitude when approaching 0 mT. Note that the amplitude
of the MAWs of Co is one and two orders of magnitude lower
than Ni at 3 and 1 GHz, respectively (also seen in acoustic
attenuation in Fig. 2). This phenomenon could be due to the

FIG. 4. (a) Two-phase XMCD image showing the piezoelectric,
LiNbO3, with visible SAWs and the ferromagnetic sample, Co, with
visible MAWs at an applied magnetic field of 5 mT. The color scale
represents the XMCD contrast, which is the difference in absorption
between light circularly polarized to the right or to the left. (b) Ex-
perimentally determined MAW profile of the 5 mT XMCD image
at 1 GHz excitation (black curve) with the corresponding sinusoidal
fit (red curve). (c) MAW amplitude as a function of the applied
magnetic field excited by a 1 GHz SAW.

high magnetization saturation of Co, which is three times
larger than that of Ni. At 3 GHz frequency, the XMCD data
of Ni display a trend with an applied magnetic field similar to
that for the 1 GHz data, with a maximum of around 7 mT.

As discussed in Sec. III, we determined the strain am-
plitude for each frequency and sample using SAW XPEEM
images on LiNbO3 and employing the same power settings as
in MAW imaging; see Table I. We observed similar relative
values between the strain components for both samples at
1 GHz since identical IDTs were used on the same LiNbO3

substrates. Notably, we also found that the strain at the sample
surface measured at 3 GHz in the Ni sample was comparable
and, even, slightly larger than those at 1 GHz. Therefore,
the observed differences in the MAW amplitudes cannot be
explained with strain values.

We performed micromagnetic simulations to evaluate the
overall internal magnetic fields and determine the expected
MAW amplitudes at each frequency for both materials. We
used MuMax3 [41], which takes into account different mag-
netic contributions to the free energy, e.g., Zeeman, dipolar,
exchange, and magnetoelastic to calculate an effective mag-
netic field. The effect of each contribution depends on the
parameters of the experiment (SAW frequency and wave-
length, external magnetic field, and magnetization saturation).
In particular, for the ME contribution, the following free-
energy expression is used:

Fme = B1
[
εxxm2

x + εyym2
y + εzzm

2
z

]

+ 2B2[εxymxmy + εxzmxmz + εyzmymz], (1)

where B1 and B2 are the magnetoelastic constants and are
taken as parameters in our simulations, mi are the normalized
magnetization components, and εi j are the strain components
simulated as plane waves with the following expression:

εi j = ei j exp{i(kx − ωt )}, (2)
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TABLE II. Sample properties used in the micromagnetic simula-
tions. Ms is the saturation magnetization, Aex the exchange, and α the
Gilbert damping.

Sample Ms (kA/m) Aex (J/m) α

Ni 490 10−11 0.03
Co 1510 10−11 0.007

where ei j are the strain amplitudes of Table I, k is the wave
vector of the SAW traveling in the x direction, and ω = 2π f
is the angular frequency of the SAWs. Since the SAW excited
in the LiNbO3 substrate is a Rayleigh mode, only the strain
amplitudes exx, ezz, and exz are nonzero in our experiment. For
the magnetic anisotropy we considered the following expres-
sion for the free energy:

Fanis = −Ku1(u · m)2, (3)

where Ku1 is the first order uniaxial anisotropy constant and u
is the anisotropy direction. (See Table IV.)

The simulations consist of sweeping the magnetic field
gradually from 20 to 0 mT, mirroring the experimental pro-
cedure, and recording the magnetization values in time and
space in the presence of SAW. The choice of larger to lower
magnetic fields is made to avoid magnetic switching and the
formation of magnetic domains. The simulation parameters
of each material are shown in Table II. Figure 5 shows the
amplitude of the MAWs determined by calculating the mean
oscillating amplitude over time for each magnetic field [42].

The results for Ni with SAW at 1 GHz and 3 GHz are
presented in Fig. 5(a). The black curves depict simulations at
1 GHz considering no anisotropy (continuous line) and a small
in-plane anisotropy of 1 mT in the x direction. Both curves
have similar amplitudes with a clear decay when increasing
field. The curve without anisotropy has a large increase at
zero applied field because the sample’s effective field also
tends to zero, which is unrealistic. Therefore, we include a
small in-plane uniaxial anisotropy field to better reproduce
our experiments (black and orange dots in the graph). The
simulations that better adjust to the experimental data corre-
spond to a magnetoelastic constant of B1 = 11 MJ/m3 and a
magnetic anisotropy of Ku1 = 1 mT. The orange curves cor-
respond to the 3 GHz simulations with the same conditions
of anisotropy. In this case, the simulations with a magne-
toelastic constant of about B1 = 0.3 MJ/m3 (and the same
magnetic anisotropy, Ku1 = 1 mT) are the ones most accu-
rately matching the experimental results. The magnetoelastic
constant is over 30 times smaller for 3 GHz compared with
1 GHz. Simulations show that the amplitude of MAW is
proportional to the magnetoelastic constant in the range of 2 −
11 MJ/m3. An additional figure showing this effect and the
effect of a magnetic anisotropy can be seen in Supplemental
Material [43].

Figure 5(b) illustrates the simulated curves for the MAW
amplitude of the Co sample when subjected to a 1 GHz
excitation. Here we plot different angles, ϕH , between the
applied field and SAW propagation, ranging from 10◦ to 40◦
(from blue to green curves) to show the huge decay of the
MAW amplitude with increasing the angle [as shown in SAW

FIG. 5. Results of simulations. (a) Amplitude of MAW in Ni
for excitation frequencies of 1 and 3 GHz with ϕH = 45◦ (solid
black and orange curves, respectively). The dashed lines provide
the same information including a small anisotropy, Ku1 = 1 mT. The
magnetoelastic constants used for each frequency are written in the
same color as the simulation curves. The faint black and orange dots
are the experimental results. (b) Amplitude of the MAW in Co for
an excitation frequency of 1 GHz at several ϕH , from 10◦ to 40◦.
The dashed black line represents the simulation at 40◦ with a small
anisotropy, Ku1 = 3 mT, while the faint black dots correspond to the
experimental results.

attenuation, Fig. 2(b)]. The misalignment between MAW and
applied field has a more drastic impact on Co reducing the
overall MAW amplitude. This occurs because the resonant
frequency is shifted above the SAW frequency as ϕH > 10◦,
resulting in no resonance. This same behavior is displayed in
the a-FMR experiment (see Fig. 2). A curve for ϕH = 40◦ and
an in-plane anisotropy of 3 mT in the x direction is added with
black dashed lines, showing, as in the case of Ni, an additional
decay at zero field. The value for the magnetoelastic constant
that adjusts better the simulations to the experimental data
(gray dots in the graph) corresponds to a B1 = 2 MJ/m3 (see
Table III).
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TABLE III. Magnetoelastic constant values for each sample ob-
tained through the simulations.

Sample B1 (MJ/m3)

Ni (1 GHz) 11
Ni (3 GHz) 0.3
Co (1 GHz) 2

We now focus on the experimental results showing a drop
in efficiency at 3 GHz for Ni (see Fig. 3). To account for
the lower MAW amplitude, we varied the magnetoelastic
constant, B1, until the MAW amplitude matched the exper-
imental values. For a 1 GHz excitation, a magnetoelastic
constant of B1 = 11 MJ/m3 matched the experimental ampli-
tude, while for a 3 GHz excitation, a reduced magnetoelastic
constant of B1 = 0.3 MJ/m3 was needed to reproduce the
experimental results. This loss in magnetoelastic energy ap-
peared unexpected to us, given that experiments are done in
the same Ni layer and that physical processes involved in mag-
netoelasticity are expected to respond easily at the nanosecond
scale. We notice that the measured strain amplitudes were ob-
tained at the piezoelectric surface and not at the ferromagnetic
film. It could be possible that the reduced magnetic response
at 3 GHz is related to a lower transmission of the SAW strain
to the polycrystalline thin layer under high SAW frequencies
and short wavelengths. We measured AFM in our Ni films and
the observed grains at the top of the film were smaller than a
few tens of nanometers, a value much shorter than the SAW
wavelengths used in our experiment. However, the interface
between LiNbO3 and Ni has not been characterized.

Overall, the results of our simulations agree quantitatively
well with the XMCD and a-FMR experiments for both Ni
and Co. At 1 GHz SAW excitation we obtained a value of
B1 for Ni of ∼11 MJ/m3, which is slightly larger than pre-
vious experimental studies [15,28,44–46]. In Co, we obtained
a magnetoelastic constant of ∼2 MJ/m3, which is over 4–5
times smaller than the Ni one at 1 GHz (and also up to 8
times smaller if compared to the bulk value [47]). However,
the simulations indicate that Co at smaller angles may achieve
amplitudes approximately equal to 0.1, comparable to Ni,
which could make Co an interesting material for straintronics,
due to its low damping and high magnetization saturation. At
3 GHz SAW excitation, we found a reduction in the amplitude

of the MAWs in Ni that requires decreasing the magnetoelas-
tic constant (to ∼0.3 MJ/m3) approximately a factor of 30
compared to 1 GHz excitation. Although our model does not
account for the direct transfer of the phonon angular momen-
tum to magnetization [34,48], which might be dependent on
frequency, we consider that a plausible explanation for the
drop in efficiency at 3 GHz could be related to a frequency
dependence of the strain transfer efficiency between LiNbO3

and the Ni film.

V. CONCLUSIONS

We have studied the magnetoelastic effect in Ni and Co at 1
and 3 GHz using hybrid piezoelectric/ferromagnetic devices
and SAWs. Our direct XPEEM-XMCD imaging shows that
large amplitude MAWs in Ni and Co at frequencies of 1 and
3 GHz can be directly imaged and quantified. We found a sig-
nificant difference in MAW amplitude between Ni and Co at
1 GHz excitations—a difference that cannot be explained only
by the larger magnetization saturation value of Co compared
with the value of Ni. Thus a lower magnetoelastic constant is
obtained for Co. The found values for the magnetoelastic con-
stants at 1 GHz are similar to those reported in the literature
[15,28,44–46]. Additional measurements at 3 GHz SAW ex-
citations show a clear decay in MAW efficiency suggesting a
drop in the phonon coupling between SAW at the piezoelectric
substrate and SAW at the ferromagnetic thin film. Our study
provides valuable insights into the coupling between strain
and magnetization dynamics at the GHz frequency and may
guide the development of more efficient acoustic spintronic
(straintronic) devices.
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