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Single beam acoustic trapping
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A single beam acoustic device, with its relatively simple scheme and low intensity, can trap a single
lipid droplet in a manner similar to optical tweezers. Forces in the order of hundreds of nanonewtons
direct the droplet toward the beam focus, within the range of hundreds of micrometers. This trapping
method, therefore, can be a useful tool for particle manipulation in areas where larger particles or
forces are involved. © 2009 American Institute of Physics. [DOI: 10.1063/1.3206910]

Optical trapping of small objects has been used to quan-
titatively investigate the mechanism of biological particles.l’2
Optical tweezers® typically output forces on the order of pi-
conewtons, and displace micrometer-sized particles up to
hundreds of nanometers from the trap. Despite its precision
and wide range of biological applications, however, its use
has been limited to either optically purified samples or
shallow regions in a medium. The high energy of focused
lasers, in addition, has often induced photodamage on target
particle:s.4

In acoustics, Wu® introduced the term of acoustic twee-
zers and showed that latex spheres or clusters of frog eggs
could be trapped by applying two opposing sound waves at
3.5 MHz. Here we present a single beam acoustic tra?ping
that is similar to optical tweezers and differs from Wu’s” dual
beam method, based on our theoretical findings in ray acous-
tics regime: the tight focusing, the acoustic impedance match
of particles with surrounding medium, and the particle size
greater than the ultrasonic Wave>length.6_8 Note that only the
transverse trapping was demonstrated in the present experi-
ment because an axial focusing as tight as the lateral focus-
ing could not be achieved.

A 30 MHz lithium niobate (LiNbO;) single element
transducer was built to trap lipid droplets and driven by sinu-
soidal bursts. Note that the transducer was allowed to move
only in the direction perpendicular to the beam axis [see Fig.

1(a)]. The excitation frequency was varied from 23 to 37
MHz, and its peak-to-peak voltages were 22, 32, and 41 V.
Due to the need for sharp intensity gradients, the transducer
was press focused’ to obtain an F-number of 0.75. The trans-
ducer was mounted on a three-dimensional motorized posi-
tioner (LMG26 T50MM, OptoSigma, USA), and a series of
control commands was sent to the positioner by the custom-
ized LABVIEW controller [see Fig. 1(b)]. To evaluate gener-
ated forces by the transducer, the acoustic peak pressures at
different frequencies were measured at the focus, by a cali-
brated PVDF needle hydrophone having an active element
size of 40 um (HPMO04/01, Precision Acoustics, U.K.), as
shown in Fig. 2(a).

Oleic acid lipid droplets of 126.0=5.6 um in diameter
were synthesized using droplet-based microfluidic devices, a
robust method of forming monodispersed droplets in the
nanometer to micrometer size range. oA single droplet was
used as a target particle because of its good acoustic imped-
ance match with the de-ionized water. The droplets were then
carefully loaded underneath an acoustically transparent my-
lar film in the water chamber. The film acted against the
buoyancy of lipid droplets, while maintaining those droplets
within the field of view of the microscope. It should be noted
here that a majority of optical tweezer experiments has also
been carried out in this manner. The distance between the
transducer and the film remained at 3 mm.
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FIG. 1. (Color online) (a) (left) Experimental configuration of acoustic traps. (b) (right) LABVIEW interface for three dimensional linear stepping motions.
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FIG. 2. (Color online) (a) (upper left) Peak pressures from 23 to 37 MHz with different excitation voltages at the focus. (b) (upper right) Illustration of
maximum displacement measurement. The droplet (a shaded pink circle) was drawn into the focal spot (a shaded gold area) when trapped. (c) (lower left)
Maximum displacements as a function of frequency and excitation voltage. (d) (lower right) Axial pressure distribution when V,,,=41 V at 30 MHz.

The maximum displacement D was defined, as in Fig.
2(b), and then measured to indicate how far the trapping can
attract the droplet from the center of the trap [see Fig. 2(c)].
As shown in Figs. 2(a), 2(c), and 2(d), both maximum dis-
placement and peak pressure were observed at 30 MHz. In
general, the higher excitation voltages induced the longer
displacements. For example, at 30 MHz, the average maxi-
mum displacement of the trapped droplet was 428.5 um
with 32 Vpp, whereas it was 353.5 um with 22 Vpp. The
broad bandwidth of the transducer made it possible to cap-
ture droplets of different sizes (see Fig. 3) since the particle
size that can be trapped depends on the driving frequency.
This trapping scheme thus demonstrates that a particle of a
certain size might be trapped and yet separated from others
by choosing the proper frequency. Owing to the tight focus-
ing, the 3 dB pressure gradient was measured as 52.6 MPa/
mm, at 30 MHz and 32 Vpp, as compared with 35.5

FIG. 3. (Color online) Trapped droplet motion I (enhanced online). [URL:
http://dx.doi.org/10.1063/1.3206910.1]

MPa/mm when the input voltage was decreased to 22 V.
Note that the gradient was 0.13 MPa/mm in Wu’s® method.

The maximum trapping forces in the transverse direction
were calculated by
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The parameters used in the above expressions are defined in
Fig. 4. For example, the estimated forces at 30 MHz were
125 and 247 nN when driven by 22 and 32V, respectively.
These results so far indicate that this method may induce not
only a wider trapping region but a stronger attractive force
toward the trap than its optical counterpart.

The trapped droplet moved with a certain lag, propor-
tional to its distance from the trap. The farther distance re-
sulted in the longer lag. As the droplet left the center of the
trap, restoring forces pulled it back to the center (see Fig. 5).
Hence the droplet behaved as if attached to the center of the
trap by a spring as in optical traps.

The experimental results demonstrated that acoustic
traps occur around a tight focus and the resultant forces de-
pend on the droplet size, frequency of the wave, and the


http://dx.doi.org/10.1063/1.3206910.1
http://dx.doi.org/10.1063/1.3206910.1

073701-3 Lee et al.

Y
ZACE =6
LAED =@
AC=r

#° AE=DE=rsinf
CE=rcos
B
0 ZBT‘T’I Zy Zc £

FIG. 4. (Color online) Definition of parameters to calculate the transverse
trapping force on a sphere centered at C (x,.y.z.) (Ref. 7).

excitation energy. The spatial range of the traps was much
wider than that of optical traps. By increasing the frequency,
it is conceivable that this acoustic device will be capable of
manipulating particles much smaller than currently reported.
Many potential biomedical applications including measuring
intercellular forces, such as those between erythrocytes and
sperm motility, are envisioned.
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FIG. 5. (Color online) Trapped droplet motion II (enhanced online). [URL:
http://dx.doi.org/10.1063/1.3206910.2]
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