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Micromanipulation of cells and
particles using ultrasonic fields

Martyn Hill, Peter Glynne-Jones, Nicholas R. Harris, and
Rosemary J. Boltryk

Ultrasonic standing waves allow concentration, washing, fractiona-
tion, or trapping against a flow of cells in microfluidic environments
and can potentially enhance biosensor performance.

Micrometer-scale particles, including cells, can be manipulated
using the acoustic radiation forces that are generated by non-
linear interactions between acoustic scattering from the particles
and the energy gradients within an ultrasonic field. Such forces
can be created by exciting a resonant field within a fluid-filled
chamber and, although high-energy ultrasound is well-known
for causing cell damage, the energy densities needed to move
cells are generally below the levels that reduce cell viability.! The
technology is well suited to integration within lab-on-a-chip
devices. It is complementary to optical trapping because the
potential wells generated are relatively large, thus making
ultrasound suitable for the formation and manipulation of cell
agglomerates but less suitable for precise manipulation of
individual cells.

The magnitude of the radiation force scales with both the
volume of the particle and the frequency and energy density
of the acoustic field. It is also a function of the ‘acoustic con-
trast factor,” which depends on the relative compressibilities and
densities of the particle and its surrounding fluid.> Under such
a force, the majority of cells will move towards regions of low
acoustic pressure (a pressure nodal plane in a planar device),
although some particles and second-phase liquids will move
towards regions of low acoustic velocity, thus providing a mech-
anism for cell/lipid separation.® Typical devices work in the
low-megahertz frequency range with acoustic-pressure ampli-
tudes on the order of hundreds of kilopascals, generating forces
on cells of a few, or a few tens, of piconewtons.

There are a number of ways to establish appropriate

acoustic fields, including surface-acoustic-wave*

and plate-
wave excitation.’ The most straightforward excitation technique
for use on a microfluidic scale is probably by employing a sub-

wavelength planar resonator.® The majority of our work has
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Figure 1. Biosensor enhancement using an acoustic field to force
particles (entering from the left) up to a functionalized surface and
enhancing cell capture seventyfold. A: Wavelength.
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Figure 2. Multimodal manipulator with integrated optical waveguide.
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used this approach. We demonstrated acoustic flow-through
filtration in etched-silicon and Pyrex® devices,” and developed
thick-film printed transducers to drive such devices efficiently.3
An interesting possibility offered by ‘quarter-wavelength’
planar devices (see Figure 1) is the potential to force particles up
to a surface in a flow-through biosensor, hence overcoming the
diffusion limit on cell capture.” In a collaboration with the
University of Cardiff (UK), which improved spore capture on
a functionalized surface seventyfold, we modeled both acoustic
behavior and spore movement within the field and demon-
strated the sensitivity of our approach to small changes in

geometric parameters.10
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Figure 3. Polymer ‘thin-reflector’ device.

More recent developments have used different resonant
modes within a planar resonator (see Figure 2) to force parti-
cles either up to or away from a surface.'! We used this to en-
hance interactions between a functionalized glass surface and
polystyrene microbeads and to identify those that bind to the
surface by illuminating bound beads using an optical evanes-
cent field. This approach also provides a means of removing
nonspecifically-bound beads from the biosensor and has poten-
tial for improving DNA and protein assays in terms of detection
speed and multiplexing.

A drawback of planar resonators is that they typically lack
flexibility and are designed a priori to move particles to a specific
position. We have demonstrated that, by switching between two
resonant modes, particles can be moved to arbitrary planes be-
tween the nodal planes of both modes.'? A key aim of our work
is to facilitate ultrasonic manipulation within low-cost devices
and in multiwell plates. To this end, we have shown that using
thin layers (in a structure designed for excitation at the funda-
mental thickness mode of the entire device) overcomes some of
the problematic lateral-force variations affecting quarter-wave
devices.!® The thin layers used in the structure (see Figure 3)
allow use of polymers without significant loss of acoustic
efficiency. We recently worked with Prokyma Technology Ltd.
(UK) to develop polymer resonators that combine ultrasonic and
magnetic forces to enhance a bead-based assay for tuberculosis
bacteria. This approach enhances the agglomeration speed and
improves both the washing efficiency and elution of the beads
compared with purely magnetic trapping.

Ultrasonic forces provide a means of manipulating cells with-
out damaging their viability. They work on length scales that
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fit well with microfluidic applications, but are complementary
to optical, dielectrophoretic, and magnetic trapping. Our future
priorities are to combine ultrasound with other manipulation
techniques, to develop 2D and 3D manipulation strategies, and
to investigate tissue-engineering applications.

We are collaborating with Bristol, Dundee, and Glasgow Univer-

sities (UK) in the Engineering and Physical Sciences Research
Council-funded 'Sonotweezers” project.
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