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Spatial tuning of acoustofluidic pressure nodes by
altering net sonic velocity enables high-throughput,
efficient cell sorting

Seung-Yong Jung,ab Timothy Notton,ac Erika Fong,de Maxim Shusteff*d and
Leor S. Weinberger*abcf

Particle sorting using acoustofluidics has enormous potential but widespread adoption has been limited by

complex device designs and low throughput. Here, we report high-throughput separation of particles and

T lymphocytes (600 μL min−1) by altering the net sonic velocity to reposition acoustic pressure nodes in a

simple two-channel device. The approach is generalizable to other microfluidic platforms for rapid,

high-throughput analysis.

Biological fluids, particularly clinical samples, are complex,
inherently heterogeneous mixtures that contain particles with
highly variant shapes and sizes. Precise analysis of the
constituent particles from these fluids often requires
separation and enrichment of the specific target particles
from this complex mixture. When these targets exist at low
concentrations, such as in the early stages of disease, high-
throughput approaches (that are biocompatible) are necessary.
One attractive approach is acoustophoresis—manipulating
suspended analyte particles with ultrasonic standing waves.
This gentle (i.e. contactless) and label-free approach sorts
particles based on their physical properties, such as size, den-
sity, and compressibility.1,2 Acoustophoresis has been adapted
for a wide range of applications that require well-controlled
conditions provided by laminar flow, such as sorting or
synchronizing cells,3 manipulating single cells,4 enriching
circulating tumor cells,5 and separating cells from virus.6

In acoustophoresis, particle separation occurs due to
acoustic radiation forces that arise from an acoustic sound–
pressure field acting upon particles suspended in fluid.7

These forces are proportional to particle volume, making par-
ticle size the most accessible separation parameter. When the

acoustic contrast factor, a number depending on a particle's
density and compressibility in relation to the suspending
fluid, is positive, which is the case in most applications, the
forces transport particles toward the pressure minima
(nodes) of the standing wave, with larger particles moving
rapidly, while smaller particles or dissolved species remain
on their original laminar streamlines.

In microfluidic separation applications, an ultrasonic
standing wave can be generated by attaching a piezoelectric
actuator to the back of a silicon etched channel structure.
The piezo driving frequency can then be tuned to match the
width or height of the microfluidic channel. These dimen-
sions set the harmonic resonance modes in the fluid, which
predict the number and positions of nodal planes. The most
common mode is the half-wave resonance, with the nodal
plane at the center of the channel. However, these pre-
determined and symmetric nodal positions are not easily
adjustable, which limits the flexibility of the device. For
example, modulating only the axial distance from the input
streamline to the focal position could be insufficient to
achieve the required throughput for samples where volumes
of several milliliters must be rapidly processed. Other studies
examined acoustophoretic devices with asymmetric or adjust-
able locations for nodal planes,8–12 and while these devices
are exceptionally elegant and exhibit impressive separation
efficiency, unfortunately, they are limited by low sample
throughput, with separation channel flow rates limited to
≤10 μL min−1.

Here, we present an approach to maintain total flow rates
of over 200 μL min−1 while allowing adjustable node position-
ing. We utilize our previously reported device,6 with a two-
channel geometry comprising a main sample separation
channel and a secondary “bypass” (or “echo”) channel sepa-
rated from the main channel by a thin silicon wall. These
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