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Resonant interaction between surface acoustic waves (SAWs) and ferromagnetic thin films, a phenomenon known as
acoustically driven ferromagnetic resonance (ADFMR), provides a way to control magnetic resonance with purely
voltage excitation. However, devices have historically been operated at harmonic frequencies, leading to large insertion
losses. In this work, we demonstrate harmonic-free response of ADFMR devices where the strain reaches very high
values, comparable to the saturation magnetostriction of the magnetic element. The acoustic energy transfer is highly
efficient and reaches almost 99.9%. Furthermore, we report the presence of multiple absorption maxima across the
range of applied magnetic fields, a property not previously observed in the literature.

The phenomenon of acoustically driven ferromagnetic res-
onance (ADFMR) has gained attention in recent years in a
number of novel application spaces. The theoretical frame-
work for ADFMR was initially developed by Kittel in 1956,
who predicted a highly efficient conversion of energy from
acoustic phonons into spin wave modes of a ferromagnetic
film.1 Typical experiments by Kittel’s contemporaries stud-
ied the phenomenon by evaporating a magnetic film onto a
quartz rod, driving the film into ferromagnetic resonance, and
measuring the amplitude of the generated acoustic wave via
a microwave cavity.2,3 In recent years, photolithography and
nanofabrication techniques have advanced to the point where
GHz surface acoustic waves (SAWs) can be transmitted and
received via interdigitated transducers (IDTs).4 This has en-
abled a variety of novel studies of magnetoelasticity in thin
films, including film characterization5,6 and interactions with
quantum defects.7

In a typical modern ADFMR study, SAWs are generated on
a piezoelectric substrate and propagate through a ferromag-
netic thin film under an applied magnetic bias field. This bias
field is varied in amplitude and direction, and the resulting
change in transmitted acoustic power is measured. In the ma-
jority of prior work, studies of ADFMR at GHz frequencies
have relied on IDTs driven at high harmonics to produce the
surface acoustic waves.5,6,8,9 As a result, these IDTs have suf-
fered from high insertion losses, in turn severely limiting the
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Figure 1. Diagram of the device and PCB mount. Transmitter and
receiver IDTs are wirebonded to the PCB waveguide by Al wire. The
acoustic opening of the IDTs along the LiNbO3 is 100µm, and the
IDT input impedance is designed to be 50Ωat the center frequency
of 2.6 GHz. IDTs pairs were separated by a distance of 2mm, and
the Ni pad was 600µm long and 150µm wide.

amount of power delivered to the magnetic thin film. In this
paper, we report a study of ADFMR driven by low-loss IDTs
operated at their fundamental frequency. The acoustic drive is
harmonic-free and of a higher amplitude than in prior reports,
and is now of comparable amplitude to the saturation magne-
tostriction of Ni.10 Furthermore, a qualitative difference in the
absorption line-shape is observed as compared to prior work.

ADFMR devices in this study were fabricated on a
128◦YX-cut LiNbO3 substrate. The IDT pairs were patterned
via lift-off of an 80nm evaporated Al film, and were designed
to operate at a fundamental frequency of 2.6 GHz, with an
acoustic opening of 100 µm. Following IDT fabrication,
20nm thick Ni thin films were deposited between IDT pairs
by e-beam evaporation, and patterned via lift-off. In order to
verify that the Ni deposition process had no impact on IDT
performance, devices were fabricated both with and without
Ni pads. The resulting Ni pad was of width 150 µm and length
in the SAW propagation direction of 600 µm. A diagram of
the device is provided in Fig 1.

Following microfabrication, the IDTs were wirebonded to
50Ω coplanar waveguides on a custom built PCB. The to-
tal transmission loss in the PCB alone was approximately 3
dB, due to impedance mismatch caused by the self-inductance
of the wirebonds. To quantify the total transmission loss of
the combined PCB-IDT system, 2-port S-parameters for con-
trol IDT pairs with no Ni layer between them were measured
using a vector network analyzer. The acoustic transmission
was time-gated, isolating the signal from spurious signals due
to electromagnetic transmission and SAW triple-transit sig-
nals, similar to the methodology detailed in prior SAW-driven
ADFMR measurements.9 The transmitted signal consisted of
an electromagnetic pulse, the primary acoustic pulse, and a
number of smaller pulses related to triple-transit and spuri-
ous reflections off of adjacent IDTs. To guarantee that these
spurious reflections did not overlap with the primary pulse in
the time domain, potentially compromising the time-gating
process, IDT transmission was measured with adjacent IDTs
coated in photoresist. Transmitted power was found to be un-
changed relative to measurements without the photoresist, in-
dicating that all spurious reflections due to nearby transducers
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Figure 2. Angular field sweep of 20nm thick Ni film at an applied
input power of 0 dBm. The color bar indicates the transmitted power
in dBm, where the X direction represents the propagation direction
of the SAW.

were successfully filtered out by the time-gating process. Fur-
ther details of the time-gating methodology may be found in
the supplemental material. Finally, following characterization
and time-gating, the IDT pairs without a Ni pad were found to
have an insertion loss of approximately 17 dB.

After loss characterization in the PCB-IDT system, devices
with a deposited Ni film were placed on a rotational stage be-
tween coils of an electromagnet, and SAW transmission was
characterized under a sweep of DC magnetic bias field and
direction. To reduce measurement times, the vector network
analyzer was replaced by a pulsed RF function generator at
the input port, and the output port was fed into a spectrum an-
alyzer. The function generator was configured to output 2.6
GHz pulses with a pulse width of 700 ns, and the spectrum
analyzer measurement was synchronized to these pulses, im-
plementing an equivalent time-gating process in the test hard-
ware.

The applied DC magnetic field was swept through 360◦and
through field magnitudes of 0 to 300 G at varying microwave
input powers. The absorption characteristic of the device at
an input power of 0 dBm is provided in Fig 2. The 4-lobed
absorption characteristic of ADFMR was observed, and the
fractional power absorption on resonance remained constant
over a 2 order of magnitude increase in input power.

To illustrate key details of the SAW absorption, two line-
cuts of the absorption data are plotted: along curves of peak
absorption, and along field sweeps at angles of maximum ab-
sorption. Curves of peak absorption for each absorption lobe
are plotted in Fig 3a at various input powers. The angle of
maximum power absorption at each given field value is de-
termined, and the value of maximum absorption is plotted
as a function of field value. The trajectories being followed
in Fig 3a are overlaid over the field-swept absorption data in
Fig 3b. Two absorption peaks within each lobe can be clearly
seen, in contrast to prior measurements of ADFMR absorption
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Figure 3. (a) Curves of peak absorption are plotted for each of the
4 lobes (color-coded) for various input powers. Two points of max-
imum absorption are clearly visible within each lobe. Small quali-
tative differences between the +10 dBm power level and the others
are due to the use of different internal circuitry within the spectrum
analyzer. The absorption curves deviate from each other slightly for
lobes rotated by 90◦; this is attributed to the presence of small shear
strain components in the Rayleigh wave. (b) The trajectory of the
linecut in (a) is overlaid over the field sweep data for the 0 dBm in-
put power level.

in LiNbO3/Ni stacks.6 The slight variation in resonance peak
depth and position at +10 dBm compared to the lower applied
powers is attributed to circuit switching within the spectrum
analyzer, which results in a higher noise floor at that power
level.

For the field sweeps at angles of maximum absorption, the
two angles at which absorption peaks occur within each lobe
are determined, and power absorption is plotted vs. applied
field for these angles in Fig 4. While two separate max-
ima are observed over the full range of applied DC magnetic
fields and angles, the absorption line-shapes remain consistent
with those previously reported, and are qualitatively similar to
those of traditional FMR measurements.

Furthermore, we note that while nonreciprocal transmis-
sion of SAWs through piezoelectric-ferromagnet multilayers
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Figure 4. Field sweeps along angles of maximum absorption are
plotted for each lobe (color-coded) here. The fields of maximum
absorption are ≈ 50 G and ≈ 110 G for each lobe, and the lineshapes
remain approximately Lorentzian, consistent with prior studies on
ADFMR.

has been reported in a number of ADFMR devices,11,6,12,
we observe no such nonreciprocal transmission under a mag-
netic field rotation of 180 degrees. The slight variation in
transmission in perpendicular lobes can be explained by small
shear wave-driven magnetoelastic fields in conjunction with
the dominant longitudinal contribution within the Rayleigh
wave.9

The SAW strain amplitude within the Ni film was estimated
following the methodology of Warner et.al.13 In this proce-
dure, displacement and electric potential in Rayleigh waves
are represented as sums of 4 partial wave solutions, taking on
the form:

ui =
4

∑
r=1

β
(r)
i e−α(r)kzei(ωt−kx) (1a)

φ =
4

∑
r=1

β
(r)
4 e−α(r)kzei(ωt−kx) (1b)

where ui represents the displacement vector, and φ repre-
sents the electric potential. The wave parameters k, α , and
βi are solved for each partial wave according to surface wave
boundary conditions and the piezoelectric equations of motion
and constitutive equations. The details of this process may be
found in the supplemental material.

In order to normalize the wave amplitudes to the experi-
mentally delivered power, two critical assumptions are made.
Firstly, the SAW amplitude within the ferromagnet is approx-
imated to be equal to the strain at the surface of an infinitesi-
mal conductive layer above LiNbO3. Secondly, the losses are
assumed to be symmetric across the device, indicating that
delivered acoustic power is reduced by half of the dB value
of insertion loss. The resulting approximations of longitudi-
nal and shear strain components are provided in Table I. This
indicates that strains in these devices are indeed comparable

Table I. Estimated strain components for acoustic waves at varying
applied RF power.

Input Power (dBm) εxx (um/um) εxy (um/um) εxz (um/um)
+10 2e-4 1e-5 1e-6

0 6e-5 4e-6 3e-7
-5 3e-5 2e-6 2e-7
-10 2e-5 1e-6 1e-7

to or in excess of the saturation magnetostriction of polycrys-
talline Ni thin films, reported in literature to be −3.8∗10−5.10

In conclusion, efficiently excited ADFMR devices operate
robustly at higher strain values than previously shown, and
the linear response with respect to input power is maintained
over a wide range of power levels typical of RF devices. As
a result, signal-to-noise ratio in virtually all applications can
be improved at a particular input power level. Of particular
interest is the potential application case of ADFMR-coupled
quantum defects, as this interaction has already been shown to
be highly efficient in prior work, and may be further improved
by minimized system losses. Furthermore, the presence of
multiple SAW absorption maxima introduces a new tool for
engineering the magnetoelastic response of ADFMR devices.
This may enable novel applications in the growing field of
non-reciprocal magnetoelastic SAW devices.
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