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ABSTRACT

Previously, we presented a novel approach to acoustofluidic device design that incorporates a thin
wall to longitudinally subdivide the fluid channel, allowing high-quality particle focusing off the channel
centerline [1]. Both parts of the channel participate in the acoustic resonance, allowing the resonance to
be unconstrained by the dimensions of the separation channel. Here, we demonstrate continuously and
arbitrarily tunable node position within a single device, using fluids of different densities in the secondary
“bypass” channel.
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INTRODUCTION

Acoustofluidic particle separators have developed to become an important class of high throughput
microfluidic devices.  Arbitrary node positioning within the microchannel has previously been
demonstrated [2] using multi-mode superposition [3] with bulk acoustic waves (BAW) or phase [4,5] and
frequency [6] control with surface acoustic waves (SAW). However, the majority of these devices use
channels fabricated from PDMS, which dissipates acoustic energy, limiting the effectiveness of focusing.
In all cases such devices have been limited to ~10 pL/min maximum flow. Additionally, absorption and
leaching of chemicals and gas permeability in PDMS presents challenges for certain applications. In
contrast, our device is fabricated from silicon and glass which offer more efficient acoustic coupling into
the sample fluid, and are more inert and robust. We anisotropically dry-etch fluidic channels into silicon,
then anodically bond them to glass. The present work allows 1-2 orders of magnitude greater volumetric
throughput and linear flow velocity.

EXPERIMENTAL

A 900 um wide channel is subdivided by a 10 um-thick silicon wall placed 300 pm from one edge.
A PZT transducer glued to the chip drives the full-wave (2™ harmonic) resonance for the full 900 pm
width. Figure 1a shows a schematic of the device and cross-sectional sketches of the sound pressure field
with different fluids filling the bypass channel. We used ethanol, water and glycerol as bypass fluids to
allow a wide range of adjustment for the acoustic node position, since their sound speeds differ
significantly (approximately 1015, 1530, and 1920 m/s at 43 °C for pure ethanol, water, and glycerol,
respectively). With water, the pressure node is located approximately 75 um from the wall in the
separation channel, and fluids with faster and slower sound speeds shift the node farther from and closer
to the wall, respectively. We have tested our device with water, phosphate buffered saline (PBS) and
70% (v/v) ethanol in the separation channel; however, any combination of sample and bypass fluid may
be used regardless of compatibility, since they are separated by an impermeable wall. This enables tuning
of the node position for unknown sample fluids.
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Figure 1: Schematic (a) and COMSOL simulation (b) of pressure amplitude at the second harmonic
frequency with ethanol, water and 50% glycerol in the bypass channel and water in the separation
channel. Sound waves in a fluid with lower sound velocity have a shorter wavelength, thus placing the
node closer to the separation wall. In the COMSOL model, the wall thickness tapers from 6 um at the top
to 13 um at the bottom, based on SEM images of the actual device as fabricated.

RESULTS AND DISCUSSION

Approximating the channel structure as a 1-D model, we calculated the predicated node positions and
2" harmonic resonant frequencies analytically by using the relative speed of sound in each medium for
water and 70% ethanol in the main channel. (Fig 2, lines). Using the acoustics-solid interaction module
in COMSOL the fabricated microstructure was simulated in 2-D with various concentrations of ethanol
and glycerol in the bypass channel and water or 70% ethanol in the separation channel to validate the 1-D
model (dots). Device temperature is elevated by power dissipated in the piezo transducer; therefore,
calculations and simulations were performed at 43°C using estimated physical properties for materials [7-
12]. Figure 1b shows simulated pressure field amplitudes. Confirmatory focusing experiments were
performed using 6 and 7 pm polystyrene microspheres in water, PBS and 70% ethanol using the
technique described in [1], and experimental results are overlaid in Figure 2 as open markers. The
simulation data shown in Figure 2 represent the minimum of the pressure amplitude across the channel
centerline, however due to the taper of the wall the actual pressure node position varies across the height
of the channel (Fig 1b), which may contribute to discrepancies between observed and predicted peak
locations. When high concentrations of ethanol are in the bypass channel, the 2-D finite element model
predicts that the pressure node will be split between the separation channel and bypass channel, and local
minima in the pressure amplitude are observed on either side of the wall. (Fig 1b, ethanol in bypass). In
these cases the experimentally found focusing position is along the wall. (Fig 2b, 100 and 90% ethanol in
the bypass.) When 70% ethanol is in the main channel and 90% ethanol is in the bypass, the 2-D model
does not predict splitting of the pressure node.

CONCLUSION

Using different fluid media in our subdivided-channel acoustofluidic device allows predictable
shifting of the node position and the resonant frequency. Water and PBS behave similarly, which implies
a device could be calibrated and used with most biological samples. Model and experimental results with
70% ethanol in the main channel show that the node position can be adjusted for a wide of materials in
the separation channel.
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Figure 2: Analytical (lines), simulated (dots), and experimental (open symbols) results of using fluids

with different sound velocities in the device.

Legend indicates fluid in the separation channel. (a)

Resonant Frequency. Error bars are the step size of the frequency sweep performed to determine
resonant frequency, except when good focusing is observed over a large frequency range. In this case the
error bars span this range. (b) Focusing Position. Error bars are one standard deviation of the position
taken over 3 or more measurements at the resonant frequency. Black dashed line indicates wall position.
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