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We demonstrate Young’s double-slit experiment with GHz
surface acoustic waves (SAWSs) on gallium arsenide (GaAs).
This experiment differs from the well-known optical case due
to the anisotropy of SAW propagation on GaAs. We gener-
ate SAWs using an interdigital transducer (IDT), and the
double-slit is realized by focused ion beam-milled grooves
that block the SAWs. We measure the out-of-plane SAW
displacement with an optical scanning interferometer and
apply a spatial Fourier filtering technique, enabling the ob-
servation of the two-slit interference pattern, as well as
higher-order diffraction and near-field interference effects.
We find reasonable agreement between the measured far-
field interference pattern and anisotropic Huygens—Fresnel
simulations based on previously reported angle-dependent
SAW velocities on GaAs. © 2025 Optica Publishing Group under
the terms of the Optica Open Access Publishing Agreement.
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Double-slit interference experiments have fascinated physicists
for more than two centuries, revealing the fundamental dual-
ity of the wave and particle behavior of light and matter. The
first experiment of this kind was performed in 1801 by Young
[1], in which he demonstrated the interference of light and con-
sequently its wave-like nature. The first double-slit experiment
with single electrons was performed in 1974, demonstrating
the statistical nature of the build-up of the interference pattern
[2]. Later, experiments were carried out with neutrons [3], C60
and even larger molecules [4,5], Bose-Einstein condensates [6],
and quasi-particles including surface plasmons [7]. For surface
acoustic waves, a double-slit experiment is still missing, al-
though other interference experiments have been explored, such
as extraordinary transmission [8] and propagation in phononic
crystals [9].

Surface acoustic waves (SAWSs) are mechanical waves that
propagate on the surface of a material and have found a variety
of applications in modern technology, mainly because they have
low loss and because they can be easily excited electrically using
interdigital transducers (IDTs). Compared to electromagnetic
waves, GHz-range SAWs have a much smaller micron-scale
wavelength, which enabled miniaturization of GHz electronic
components such as radio frequency (RF) filters. The strong
confinement of SAWs to the surface makes them ideal as sensors
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in chemistry [10] and biology [11]. In more recent develop-
ments, SAWs have been used in quantum physics research,
enabled by their long coherence times at ultra-low temperatures
and the ability to couple to a variety of quantum systems, such
as superconducting qubits [12], nitrogen vacancy centers in dia-
mond [ 13], defects in two-dimensional materials [14], and semi-
conductor quantum dots hosted in gallium arsenide (GaAs) [15].

Most piezoelectric materials exhibit anisotropic SAW veloci-
ties, including GaAs with a zinc-blende lattice structure. To our
knowledge, the effect of anisotropic wave velocities on double-
slit interference has to date only been theoretically studied for
2D electron systems [16], where a narrowing of the double-slit
interference pattern and beam steering was found.

Here we show Young’s double-slit experiment with SAWs
on GaAs, by launching SAWs from an IDT onto a double slit,
which is fabricated using a focused ion beam (FIB). By measur-
ing the complex SAW field with sub-um resolution over the full
device and after applying a spatial Fourier filtering technique,
we reveal the double-slit interference pattern and validate both
beam steering and the reshaping of the interference pattern by
the anisotropic wave velocities.

In our device, the SAWs are generated by an IDT and the
double-slit is realized by grooves which partially block the
SAWs, see Fig. 1(a). The IDT is fabricated on a (001)-cut GaAs
substrate using an electron-beam lithography lift-off process and
consists of a 5-nm chromium adhesion layer and a 30-nm-thick
gold layer. The IDT has 50 finger pairs, and the fingers are
700nm wide and 310 pm long. The IDT periodicity is chosen to
be 2.8 um [see inset Fig. 1(b)], to efficiently excite the SAWs at
996 MHz (vg 4w = 2860 m/s in the [110] direction). When an RF
voltage is applied to the opposing combs of the IDT, the oscil-
lating electric field leads via the inverse piezoelectric effect to
the excitation of coherent SAWSs in the [110] direction, of which
the transverse amplitude is in the order of 10 pm. To form the
double slit, three grooves are milled in the substrate by a FIB
with a depth of at least 3 um, as measured by a profilometer. The
angle between the grooves and the IDT fingers is less than 0.1°.
After the FIB process, some debris is visible in the optical mi-
croscope images, and we find that the DC resistance between
opposing IDT combs is only 400 kQ, while usually being around
1 GQ. Although this finite resistance slightly degrades the IDT
performance, it does not pose a serious limitation.
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Fig. 1. Experimental setup. Schematic of the double-slit experi-
ment (a) with inset showing focused light on the sample for opti-
cal SAW measurement. False-color scanning electron microscope
(SEM) image of the IDT and grooves (b), where the inset shows the
IDT fingers. Close-up SEM image of the grooves (c), at an angle
of 52°.

The out-of-plane SAW displacement is measured with an op-
tical scanning Michelson interferometer, in which laser light
is focused on the SAW sample with a sufficiently small spot
size of around 2.8 um. The optical path length is modified by
the out-of-plane component of the SAW displacement leading
to a GHz modulation of the interferometric signal that is read
out using a lock-in technique, allowing for the extraction of
the amplitude and phase of the SAW displacement. In order to
obtain high-resolution spatial scans, the double-slit sample is
mounted on a motorized XYZ-translation stage with a step size
of 14nm in the direction of the SAW propagation. For a more
detailed description of the interferometric measurement setup,
see Ref. [17].

First, we show experimental amplitude and phase measure-
ments of the SAW displacement in Figs. 2(a) and 2(b), respec-
tively. Between the IDT and the grooves, we observe a very
strong signal (a.i), which is due to SAW confinement. Behind
the slits, SAWs travel in the positive x-direction (a.ii) in two
beams, indicating that the grooves block the SAWs efficiently.
Surprisingly, the amplitude measurement of the transmitted sig-
nal exhibits oscillations [see inset] with a periodicity of A g,y =
2.87um, which is the expected SAW wavelength in the [110]
direction at 996 MHz. This signal is relatively weak compared
to the background, which we attribute to residual RF crosstalk
and possibly to the presence of bulk acoustic waves (BAWs).
Interference between this background signal and the SAW sig-
nal results in spatial oscillations in amplitude measurements. We
now show that these oscillations, as well as the background sig-
nal, can be removed efficiently using a spatial Fourier filtering
technique.

We combine the amplitude and phase information in a com-
plex field, and take the spatial 2D (fast) Fourier transform (FFT),
of which the absolute value is shown in Fig. 2(c) on a logarith-
mic scale. The axes are oriented such that a signal at (kx,ky)
corresponds to a spatial periodicity in the direction of (x,y)
in Figs. 1(a) and 1(b), normalized to the expected wavenumber
ko =2 | 2gaw- The FFT amplitude quantifies the strength of the
signal in this direction. In this FFT, we observe a circular sig-

nal (c.i) around k| = k? + k} = 257/ 2 g4y This indicates SAWs
traveling in all directions, but predominantly in the positive x

Letter

(a)

(A1) apnyjdwy

(b)

o
(pes) aseyd

-
o
o
o

096 098 1 1.02 1.04
Amplitude (uV) (f)

I
I
I
i
-200 wou] i
[110] }
0 500y (ym) 1000 1500
Fig. 2. Raw data, spatial FFT and filtered measurements. Rms
amplitude (a) and phase (b) of the 996 MHz demodulated inter-
ferometric signal, where the black lines indicate the IDT busbars.
Absolute value of the spatial FFT (c) of the complex measurement,
where the orange dashed circles indicate the standard deviation ¢ of
the Gaussian window function for filtering. Zoom-in (d) of the FFT
(same color scale). Filtered measurement of the SAW amplitude (e)
and zoom-in near the slits (f), with the same saturated color scale as
in (e) for increased visibility in the far-field.

direction. The signal at negative k, is caused by reflections from
the grooves and standing waves inside the IDT. We also observe
a signal at a wavelength of 5.3 um (c.ii), corresponding to a ve-
locity of 5240 m/s in the [110] direction, which we attribute to
a longitudinal bulk mode.

A close-up of the signal related to SAWs propagating in the
positive x-direction is shown in Fig. 2(d). Here, we observe
an arc (d.i) corresponding to SAW propagation over the free
GaAs surface, exhibiting the double-slit interference fringes in
the Fourier domain and a vertical asymmetry, which indicates
a slight tilt between the [110] crystal axis and the measurement
frame. For larger angles relative to the [110] axis, we observe a
discontinuity and the emergence of a second arc corresponding
to SAW propagation (d.ii). The signal labeled (d.i) corresponds
to a pseudo-SAW mode, while (d.ii) represents a pure SAW
mode [18]. We also observe a signal at slightly lower wave-
lengths, which is more spread out in the &, direction (d.iii). This
signal is related to SAWs propagating over metalized structures
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(the IDT) mostly parallel to the x-axis. The difference in wave-
length between (d.i) and (d.ii) is the result of mass loading by the
IDT fingers, lowering the SAW velocity and consequently the
wavelength for SAWs propagating over the IDT. This is verified
with selective spatial FFTs of the IDT region and free surface
regions.

Now, we filter the raw data using a Fourier filtering technique
to remove most of the non-SAW-related contributions from the
measured signal. To do this, we apply a circular Gaussian win-
dow function to the amplitude of the Fourier-transformed data,
centered around |k| =21/ Agaw With a standard deviation o =
15% of the central |k| value (see dashed circles in Fig. 2(c)).
Then, we take the inverse FFT of the windowed FFT to obtain a
filtered measurement in real space, of which the absolute value
is shown in Fig. 2(e). Here, we observe that the background
is greatly reduced and that the Ag,y-periodic oscillations are
removed. As a result, the signal emerging from the two slits
is much more clearly visible. At first glance, the removal of
the oscillations in the amplitude is surprising: by selecting the
Agaw-component in the FFT of the complex measurement, we
have removed the Ag,y- periodic oscillations from the am-
plitude measurement. This removal is explained by the fact
that the complex measurement allows us to separate the two
interfering signals in the Fourier domain. As the background
contribution has no spatial periodicity, its signal is located at
the origin of Fig. 2(c), whereas the SAW part is located on the
aforementioned circle around |k| =2 /Ag, . Therefore, with
our filtering technique, we removed the background signal and
consequently the interference with the SAW signal, visible as
oscillations in the amplitude measurement.

Furthermore, this filtering technique allows the observation
of a much clearer interference pattern in the far-field, of which
the fringes are bent slightly towards the positive y-direction. We
also identify SAW propagation at high angles from the [110]
axis and a small leakage signal, indicating that the grooves do
not fully block the SAWs. In Fig. 2(f), a close-up measurement
of the region near the slits is shown. Here, we observe standing
waves between the groove and the IDT (f.i) and transverse SAW
confinement within the slits (f.ii), resulting in near-field inter-
ference effects in the positive x-direction (f.iii). We also observe
circular diffraction from the groove edges (f.iv).

Finally, we compare the experimental data to numerical sim-
ulations. For this, we use an anisotropic version of the Huy-
gens—Fresnel principle to calculate the complex field A(x,y)
from N point sources B;(x’,y’):

zwr /v(

A(x,y) ZB(x Y p—— (1+cos(0)) (1)

where r; and 6, are glven by:

ri:\/(x—x’)2+

y-y)2% 2)

0i=arctan(y_y ) 3)

X—x
and w =2xf, where f =996 MHz is the RF generator fre-
quency. The angle-dependent phase velocity v(6) arises from
the anisotropy of GaAs and is obtained by fitting an even poly-
nomial function to data provided by Msall and Santos [19], see
Fig. 3(a). As these data describe only the pseudo-SAW mode
(d.iin Fig. 2(d)), it is valid up to + 20° with respect to the [110]
crystal axis. Therefore, we are restricted to this angular range,
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Fig. 3. Simulations. Angle-dependent SAW phase velocity (a) on
GaAs. The black dots are extracted from Msall and Santos [19],
and the red curve is a polynomial fit used in the simulation. Input
point sources B; at x =0 of the simulation (b) and comparison (c)
between a slice of the filtered measurement at x =1500 pm (blue
curve) and simulations with anisotropic phase velocity (red curve)
and isotropic phase velocity (dashed black curve).

and we only model the far-field, where the angles are sufficiently
small. The aforementioned tilt between the measurement frame
and the [110] crystal axis is taken into account by the rotation
v(0) =v(0 — ¢). This tilt is chosen at 2.6° such that the cen-
tral peak of the simulation and measurement overlap. The input
points of the simulation B; [see Fig. 3(b)] are obtained from the
slit geometry and include the leaked signal through the grooves.
The relative amplitude between these signals is taken from the
filtered measurement just after the slit. The simulation input con-
tains no phase information and is set at x = 0 of the measurement
frame and thus only considers the field after the slits.

In Fig. 3(c), a cross-section of the filtered measurement (at
x=1500pm) and two simulations are shown. The simulation
with anisotropic SAW velocity (red curve) shows reasonable
agreement with the measurement (blue curve) in terms of the
periodicity of the interference fringes, as well as the relative
amplitudes of the minima and maxima. We also performed a
simulation without the leaked signal (not shown here), in which
we obtained a near-unity fringe visibility. Therefore, we state
that the leakage signal reduces the visibility of the interference
fringes.

To study the effect of the anisotropy of the SAW velocity on
the interference pattern, we also performed a simulation with an
isotropic SAW phase velocity (dashed black curve in Fig. 3(c)).
By comparing the anisotropic and isotropic model predictions,
we see that the simulation using the angle-dependent velocity
from Msall and Santos agrees much better with the experimen-
tal data. Firstly, the central interference peak of the isotropic
simulation is not shifted away from y = 0, which indicates that
due to the anisotropic wave velocity in combination with a tilt
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between the [110] crystal axis and the IDT and slit, the SAWs
are steered in the direction of the [110] axis. This steering can-
not be explained by an angle between the IDT and the slit, as this
angle is less than 0.1°. Secondly, the interference periodicity of
the isotropic simulation is larger than in the measurement, indi-
cating that the anisotropy decreases the interference periodicity.
Both these findings are in agreement with theoretical predic-
tions for 2D electron gases in anisotropic media [16]. We also
would like to note here that the variation in v(6) is relatively
small (below 1%), which means that the interference pattern in
the far-field is highly sensitive to small changes in v(8).

We do observe, however, a small discrepancy between the
anisotropic simulation (red curve) and the measurement (blue
curve) in the periodicity of the interference fringes, see Fig. 3(c).
We hypothesize that this discrepancy might be related to slight
variations in the SAW wavelength. Upon close inspection of
the signal related to SAW propagation over the free surface in
the FFT [(i) in Fig. 2(d)], we find that this signal is slightly
spread out in the k, direction and exhibits fringes. This could
result in a discrepancy between the simulation and the mea-
surement. A second potential origin of this discrepancy is the
possible inaccuracy of the used angle-dependent velocity v(6),
which is based on a theoretical model [19] and might be slightly
different in reality. Since the interference pattern is highly sen-
sitive to small variations in v(6), even minor inaccuracies can
lead to noticeable changes in the interference periodicity. As the
measurement technique presented here enables the extraction
of the angle-dependent SAW wavelength, a direct measurement
of v(8) might be feasible with a dedicated sample where SAW
propagation is directionally more uniform.

In conclusion, we present the first demonstration of Young’s
double-slit experiment with SAWs, where the slits are realized
by milling grooves into the substrate with a FIB. Our measure-
ment technique enables complete spatial characterization of the
acoustic field, allowing us to reveal features that are difficult to
capture in the optical counterpart of the experiment. After filter-
ing in spatial frequency space, we found good agreement with
anisotropic Huygens—Fresnel simulations. We find that account-
ing for the anisotropy of the SAW velocity on GaAs is essential,
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and we observe anisotropy-induced steering of the diffracted
SAW beams.
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