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Development of portable single-beam acoustic tweezers for
biomedical applications
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ABSTRACT: Single-beam acoustic tweezers that are capable of manipulating micron-size particles in a
non-contact manner have been used in many biological and biomedical applications. Current single-beam acoustic
tweezer systems developed for in vitro experiments consist of a function generator and a power amplifier, thus the
system is bulky and expensive. This configuration would not be suitable for in vivo and clinical applications. Thus,
in this paper, we present a portable single-beam acoustic tweezer system and its performances of trapping and
manipulating micron-size objects. The developed system consists of an Field Programmable Gate Array (FPGA)
chip and two pulsers, and parameters such as center frequency and pulse duration were controlled by a Personal
Computer (PC) via a USB (Universal Serial Bus) interface in real-time. It was shown that the system was capable
of generating the transmitting pulse up to 20 MHz, and producing sufficient intensity to trap microparticles and
cells. The performance of the system was evaluated by trapping and manipulating 40 um and 90 um in diameter
polystyrene particles.
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Fig. 1. (Color available online) Ray acoustic model
for single— beam acoustic tweezers. Red line indicates
the direction of trapping force by momentum transfer.
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Fig. 2. (Color available online) Photographs of (a)
the developed SBAT system and (b) transducer.
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Fig. 3. (a) Pulse—echo and (b) its frequency response
of the transducer.
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Fig. 4. (Color available online) Experiment setup of
single—beam acoustic tweezer using the developed
system, The transducer was mounted on an inverted
microscope and the images were recorded using a
CCD camera, Three axis linear motorized stage was
used to position the transducer.
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