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ABSTRACT

Acoustic levitation can hold different material in mid-
air. Typically, an emitter and an opposed reflector form a
standing wave. Millimetric particles significantly smaller
than the wavelength can be trapped in the nodes of the
standing wave. Despite the limitations on particle size,
the diversity of supported materials enables multiple ap-
plications. Metals, liquids, gases, plastics or small liv-
ing beings can be trapped with acoustic levitation. Some
applications are contactless spectroscopy or the study of
crystallization of levitated samples. In this presentation,
novel techniques beyond standing waves will be presented
such as acoustic vortices or bottle beams that provide po-
sitional and orientation control on the levitated particles.
We will highlight emerging applications in additive manu-
facturing, particle agglomeration, aerosol control, pattern-
ing, or pick and place of fragile samples. Finally, we will
present some opportunities to get started in mid-air acous-
tic levitation using devices that can be built at the lab or
even at home with off-the-shelf components.
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1. INTRODUCTION

Sound can held in mid-air small particles made of dif-
ferent materials [1]. Acoustic levitation in air typically
uses an ultrasonic emitter and an opposed reflector [2]
to create a standing wave, with particles levitating at its
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nodes. Other setups use two opposed emitters [3], an
array of emitters and reflectors to enable transportation,
and recently, phased-arrays [4] are used to levitate multi-
ple particles independently [5]. Trapping on a standing-
wave node limits the particle size to half-wavelength, and
emitters should be around the particle. Recent research
showed that single-beams can trap particles [6,7] and that
particles larger than the wavelength can be trapped in vor-
tices [8] and special acoustic bottles [9].

More advances can be found in acoustic levitation re-
views: general [10, 11], liquids [12], biomaterials [13],
airborne chemistry [14] or soft matter [15].

2. HOMEMADE LEVITATORS

Lab equipment can be expensive and hard to access, thus
limiting exploration and accessibility to acoustic levita-
tors. In the past decade, various levitators that can be built
with off-the-shelf components have been shown and suc-
cessfully used for research activities. Homemade devices
are not as accurate or powerful as lab equipment, but they
are available to a wider range of researchers, including
hobbyists and schools.

TinyLev [16] is a single-axis standing-wave levitator,
it has two opposed bowls made of 36 emitters each. The
emitters are off-the-shelf 40 kHz transducers that are ar-
ranged around a sphere of 13 cm diameter. This gives the
setup a natural focus, and can levitate liquids and sam-
ples of densities up to 2.4 g/cm3 and 3mm diameter.
The electronics are simplified and use an Arduino Nano
and a motor driver (L298N). The levitator and some lev-
itated samples are shown in Figure 1. Modifications of
TinyLev make it more compact (Mk3 [17]) or able to lev-
itate denser particles (MightyLev [18]).

SonicSurface [19] is an integrated 40 kHz phased-
array of 16×16 emitters, with individual control of phases
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Figure 1. TinyLev is made of two opposed bowls
with 36 ultrasonic emitters each, the bowls have a
separation of 10 cm. Bottom) some levitated sam-
ples, left to right: titanium dioxide in water, plastics,
ketchup and mustard, water, ant, integrated circuit
and salt.

(see Figure 2). It has been used in various research
projects [5, 20–22]. Other open phased-arrays have been
published [23–25].

3. EMERGING APPLICATIONS

Apart from the applications referenced in the introduction,
we describe some recent explorations that go beyond con-
tainerless and contactless processing.

Aerosols falling into a substrate get patterned along
the high-amplitude areas where an acoustic field is ap-
plied [26]. The variety of aerosols enables application in
bio-fabrication but also for printed electronics when con-

Figure 2. SonicSurface is an integrated phased-array
with 256 emitters of 1 cm-diameter. It can levitate
multiple particles and control them individually.

ductive powder is mixed with the liquid medium.
LeviPrint [20] explores the levitation of droplets of

glue, solid particles and elongated thin objects to build
structures in a contactless way. Traditional standing waves
can hold droplets and spherical particles whereas other
fields are optimized to held in position and orientation
elongated sticks. The assembly can be done without
touching the pieces to avoid cross-contamination, and the
structure can be built inside a container as long as there is
a small aperture for the parts to enter. Figure 3 shows a
structure built with levitated sticks.

Figure 3. A cube built with sticks connected with
UV-curable glue. The cube has 5 cm side, the sticks
and the glue were levitated in a contactless way.

Electric sparks can be guided with ultrasound [27].
Electric sparks heat up the air, it expands and becomes
less dense. This lower-density air gets shaped by the ul-
trasonic field due to the acoustic contrast in comparison
with the surrounding ambient air. Also, less dense air
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has lower breakdown voltage and is a preferred discharge
path. The process repeats and the ultrasonic field can
guide the sparks along the high-amplitude areas. Being
able to guide electric sparks enables new applications in
high-voltage switching and selective welding. A guided
electric spark is shown in Figure 4.

Figure 4. An electric spark is guided along the high-
amplitude region of a 40 kHz ultrasonic field. left)
guided spark. right) amplitude field. scale bar is 1
cm.

4. CONCLUSION

Acoustic levitation keeps evolving both in techniques and
applications. Its low cost and larger scale of manipula-
tion when compared with optical trapping makes acoustic
levitation an active research topic.
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