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ABSTRACT

Acoustofluidics is a contactless and thus gentle method
for handling objects from the sub-micrometer to the mil-
limeter length scale. Making use of the radiation force,
small objects can be aligned at the pressure nodes or anti-
nodes of a stationary acoustic field generated inside mi-
crofluidic structures. Besides the intensity and frequency
of the acoustic field, the acoustic force on an object purely
relies on its mechanical properties, and therefore, no spe-
cial requirements or treatments are necessary. We de-
signed and built numerically optimized acoustofluidic de-
vices consisting of microfluidic silicon-glass chips actu-
ated by attached piezoelectric plate transducers. The spe-
cialty in our design is the utilization of a low order lat-
eral width mode of the plate transducer, which stands
in contrast to the usually used thickness mode. A glyc-
erol layer between the transducer and the chip ensures
weak coupling of the lateral mode, meaning that the res-
onance frequency of the transducer is barely altered when
attached to the chip. Together with low patch-to-patch
variation of the used components, this altogether leads to
very reliable and reproducible operating devices. We will
demonstrate the performance of our concept by manip-
ulating objects in millimeter-sized structures and in the
milliseconds-timeframe, reaching acoustic energy densi-
ties close to 3000 J/m
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1. INTRODUCTION

Small particles suspended in a fluid and exposed to a
standing acoustic plane wave experience a force that, de-
pending on the mechanical properties of the involved ma-
terials, will either drive them toward the pressure nodes
or antinodes of the acoustic field, where the particles ac-
cumulate. This force is known as the acoustic radiation
force [1]

Frad = 3V ΦEac k sin(2kx), (1)

which depends on the particle volume V , the acoustic
contrast factor Φ, and on the acoustic energy density Eac
and the wave-number k of the standing pressure-wave
p0 cos(kx) oriented along the x-direction with the pres-
sure amplitude p0. The acoustic contrast factor Φ charac-
terizes the influence of the mechanical properties of both
the fluid and the particle. Its sign determines the direction
of the force. The particles used in our experiment have a
density similar to that of the surrounding fluid but lower
compressibility, resulting in a positive Φ. Consequently,
Frad directs the particles toward the pressure nodes of the
wave.

2. THE DEVICE

The core elements of our device are formed by the mi-
crofluidic silicon-glass chip and the piezoelectric plate
transducer for ultrasonic actuation shown in Fig. 1. The
chip is mounted into our custom-made chip holder [2],
where the transducer is clamped towards the bottom of
the chip using a thin layer of glycerol in between as an
acoustic coupling medium.

The chip geometry is numerically optimized for par-
ticle focusing in the center of the channel relying on the
second-order lateral extensional width mode of the plate
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Figure 1. The core elements of the device are formed
by a microfluidic chip made out of silicon and glass,
and a piezoelectric plate transducer that is attached
to the bottom of the chip for ultrasonic actuation.

transducer. Minimizing the focusing time and improving
the setup is ongoing work [3,4]. As a final goal, using the
trifurcation at the end of the channel, the system should
operate as an effective flow-through separator using the
lateral mode of the transducer instead of the usually em-
ployed thickness modes, e.g., as implemented in [5].

The lateral mode of the transducer, which is funda-
mental to our actuation, exhibits only a weak coupling
with the microfluidic chip. Consequently, the lateral res-
onance of the transducer remains nearly unchanged when
the transducer is attached to the microfluidic chip. Con-
versely, the thickness mode demonstrates strong coupling,
resulting in significant alteration of the behavior at reso-
nance [4].

3. RESULTS

With an actuation voltage of approximately 70 Vpp, we
cleared the outer region of a 1240-µm wide channel of
20-µm polystyrene (PS) particles, focusing them at its
center within 16 ms. By measuring the focusing time and
using the method from [6], which is based on equating the
acoustic radiation force to the drag force experienced by
a particle when moving through the fluid, we obtained an
acoustic energy density of Eac = 2770 J/m
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