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ABSTRACT
A magnetic surface acoustic wave (SAW) sensor is built by growing a 100 nm galfenol (Fe72Ga28) film by sputtering between the interdigitated
transducers of a SAW delay line. Love waves are produced when the shear waves excited on the piezoelectric substrate are guided by a 3.1 μm
layer of amorphous SiO2. Due to the magnetostrictive nature of galfenol deposited on top, the application of magnetic fields modulates the
propagation of the mechanical excitations along the sensor by the strain coupling. By introducing the delay line in a feedback loop circuit, these
changes are studied as resonant frequency variations. Magnetic field cycles of ±40 mT are applied to the sample and the resonant frequency
shift is tracked simultaneously. The sensor exhibited hysteretic frequency behavior that depends on the orientation of the applied magnetic
field relative to the direction of Love wave propagation. In the configuration in which the wave vector and the applied field form an angle
of 45○, the resonant frequency seems to increase with the magnetization induced by the external field. When the wave vector propagation is
parallel to the field, two positive peaks appear close to the coercive field of the film, which has not been reported before. This is probably due
to a more complex relationship between the acoustic wave and the magnetic state of the film which could be exploited to give rise to new
models of magnetic sensors.

© 2024 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/9.0000749

There is a wide range of high-performance, small size, low
cost and low consumption sensors that are based on the variation
of the parameters that characterize a surface acoustic wave (SAW)
propagating through a piezoelectric substrate.1 These waves are gen-
erated by a pair of interdigitated transducers (IDTs) excited by an
AC signal. By the piezoelectric effect, the AC excitation creates a
dynamical deformation that propagates along the material. In this
way, when an alternating signal excites one of the pairs of IDTs,
this transducer creates a dynamic deformation in the piezoelectric
substrate and the energy of the disturbance travels through the sub-
strate in the form of a wave to the facing IDT, which converts this
wave again in an alternating electrical capable of being measured.
SAW devices can be functionalized to be made sensitive to differ-
ent phenomena or substances, and they have already proved to be

effective biochemical, chemical, temperature, pH, or light sensors.2,3

The basic principle is the change in the speed of propagation of
SAW produced by the target stimulus. The velocity changes can
be acquired indirectly, using the device as a resonant element in a
delay line oscillator circuit that allows measuring the changes in their
frequency, because they are proportional magnitudes.4

Love waves are a type of SAW in which the energy associated
to the excitation concentrates on the surface of the device due to the
presence of a guiding layer, with a much lower wave velocity, on top
of it.5

In this work, a magnetic sensor based on surface acoustic waves
and magnetostriction is studied. Only few examples can be found
in literature that combine SAW with magnetism.6–12 A possibility
to achieve this is employing magnetostrictive materials, in which
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magnetization and strain are not independent, inducing a relation-
ship between the magnetic field and the mechanical properties.
Magnetostrictive layers grown on SAW devices alter the propaga-
tion of the mechanical waves when a magnetic field is applied and,
hence, changes in frequency, phase or velocity can be measured.
Specifically, this sensor is based on the study of the variation in
the resonance frequency of the SAW when applying a magnetic
field.

MATERIALS AND METHODS
Device fabrication

The sensor fabricated (4 mm × 9 mm × 0.5 mm) consists
of a piezoelectric substrate of ST-90○X cut quartz, on which two
aluminum IDTs with a thickness of 200 nm are patterned by lithog-
raphy. Therefore, delay line configuration was chosen. The structure
of each IDT consists of four strips per period, it is called double
electrode type or split electrode type. The period formed by four
fingers (λ) is 28 μm, the center-to-center separation between both
IDTs (Lcc) is 150 λ and the acoustic aperture (W) is 75 λ, which is
the length of the strips. The choice of the substrate and the config-
uration of the IDTs favors the propagation of shear horizontal (SH)
waves. On top of the quartz substrate an amorphous SiO2 layer with
a thickness of 3.1 μm is deposited by plasma enhanced chemical
vapor deposition (PECVD), guiding the SH-waves, thus becoming
Love waves. Then, magnetic sensitivity is achieved by growing a
100 nm layer of polycrystalline galfenol (Fe72Ga28) by sputtering
on the space between the two IDTs. For this Fe72Ga28 thickness, a
magnetostriction constant (λs) of around 73 ppm and an effective
magnetoelastic coefficient (Beff ) of −7.5 MPa is expected.13,14 The
magnetic film is protected from oxidation by two 20 nm layers of
molybdenum grown just below (also improving the adherence with
the guiding layer) and on top. A 3D scheme of the device can be seen
in Figure 1. The hysteresis curve of the galfenol film was measured
with magneto-optic Kerr effect (MOKE) microscopy.

Experimental setup

A feedback loop circuit is built by connecting both IDTs and
introducing an amplifier that compensates the losses produced at the
delay line. This leads to resonating behavior. A directional coupler is
added to the assembly, which allows measuring a small fraction of

FIG. 1. Schematics of the deposited Love wave-based sensor.

the signal that is traveling through the oscillator. A spectrum ana-
lyzer (Agilent N9010A) receives the signal and yields the resonant
frequency of the system in real time.

To test the response of the device to the different applied mag-
netic fields, it is introduced between the poles of an electromagnet
(Newport Instruments) and subjected to cycles of applied field while
the resonant frequency of the circuit is recorded. A custom-made
program controls the power supply that excites the electromagnet
and stores the data from the spectrum analyzer.

Measurement procedure

The resonant frequency has been measured by changing the
applied field from 0 mT to +40 mT to −40 and 0 mT again.

Different response curves are obtained depending on the
orientation of the applied field respect to the SAW wave vector.

The orientation of the device with respect to the poles of the
electromagnet is 0○ when the direction and sense of the positive
applied field coincide with those of the wave vector of the SAW.
The changes in the resonance frequency of the circuit are recorded
in real time as a function of the variation of the applied magnetic
field, and are investigated for 0○, 45○, 90○ and 135○. Due to the sym-
metry of the experiment respect to the plane perpendicular to the
surface of propagation and parallel to the propagation of Love waves,
identical results are obtained for an angle α and 360○-α, so only the
α<180○ region is explored.

RESULTS

The deposition process assures that the sample has no macro-
scopic anisotropy (easy or hard axes). A coercivity of about 5 mT
has been determined from the hysteresis loop measured by MOKE
(Fig. 2).

The resonant frequency of the oscillator circuit is around
161 MHz. For representing the cycles, a regression line is subtracted
from the raw data to discard the continuous drift due to changes in
the temperature of the laboratory affecting both the device and the
electromagnet. Figure 3 shows the resonant frequency shift versus
applied magnetic field.

FIG. 2. Intensity (proportional to magnetization) obtained by MOKE measurements
on the sample. The applied field is parallel to the direction of propagation of SAWs.
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FIG. 3. Evolution of the resonant frequency shift Δf (kHz) as the applied magnetic
field H (mT) varies between +40 mT to −40 mT (and back) for orientations (a) 45○

and (b) 0○.

The sensor response shows the same qualitative behavior for
the orientations of 0○ and 90○, and another shared behavior appears
for the 45○ and 135○ directions. The cycles for ±90○ rotated orien-
tations yield different maximum frequency shifts but share the same
shape. Both 0○ and 45○ configurations are represented to discuss the
different behaviors. The measurements were repeated to verify that
the results were reproducible.

DISCUSSION

When the applied external magnetic field changes, the mag-
netostrictive layer modulates the propagation of Love waves due to
the strain coupling. In any of the configurations tested, the resonant
frequency is affected by the application of a magnetic field, showing
hysteresic behavior with the applied field.

The graph of the frequency shift in the 45○ orientation
(Figure 3(a)) resembles a simple hysteresis cycle, showing satu-
ration at high fields (around 40 mT). For this angle (and 135○)
configuration, the frequency shift seems close to be a monotonic
increasing function of the modulus of the magnetization of the film,
Δf = Δf (∣M∣). Therefore, the hysteretic behavior of the resonant fre-
quency would be closely related to the magnetic hysteresis of the
FeGa film. The frequency minima are reached close to the coer-
cive field of the FeGa film, measured to be around 5 mT (Figure 2),
supporting this idea.

In the case of 0○ (and 90○), the situation is quite different
(Figure 3(b)). First, the maximum applied field is not enough to
observe a stabilisation of the resonant frequency. A second differ-
ence is that two positive peaks appear near the coercive field, so
the frequency shift passes by two local minima and one maximum
(the peak) instead of just one minimum when the applied field
sweeps from +40 mT to −40 mT (continuous line in Figure 3(a)).
This anomaly has no clear explanation but two key characteristics
are believed to allow the observation of positive peaks in this ori-
entation. In the first place, polycrystalline galfenol is used instead
of an amorphous material with neglectable microscopic magnetic
anisotropy (see Ref. 10), the higher coercivity of galfenol could give
rise to two separate peaks and a different magnetic behavior under
the effects of the induced strain by SAWs. Also, shear waves are used,
so that the main axes of the deformation associated with the SAW

waves (and therefore the associated magnetic fields) form a certain
angle with the wave propagation vector.

CONCLUSIONS

Novel characteristics have been seen when studying the behav-
ior under the magnetic field of a SAW device with a magnetostrictive
component: at 0○ and 90○ configurations, two positive peaks appear
between the maxima corresponding to the highest fields when a
magnetic field cycle is performed. This is something new since it
does not appear in the bibliography of previous studies similar
topics. It is believed that employing polycrystalline galfenol, with
a higher coercivity than amorphous materials, is a key point that
enables the observation of two peaks, being another important fac-
tor the use of Love waves, which are polarized in plane and confined
at the surface. It is noteworthy that the unusual behavior observed
emerges in a system without magnetic anisotropy: it is the result
of strain coupling without the need of any spontaneous or induced
magnetic anisotropy.

This feature can lead to an enhancement of the sensitivity of the
device at the fields corresponding to the slopes of the peaks.

Once these mechanisms can be clarified, it is believed that the
development of robust magnetic SAW devices with tunable char-
acteristics through the application of magnetic fields is possible.
Therefore, it could be used as a basis for a magnetic field sensor with
the advantages of current SAW technology and potenetially much
higher sensitivity than the current ones. It can be concluded that the
combination of SAW and magnetostrictive materials offers a much
richer phenomenology than expected.
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