Non-monotonic Energy Dissipation in Microfluidic Cantilever Resonators
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Background

The mechanical resonance {frequency
‘ of a suspended microchannel resonator
changes 1n response to mass inside the
channel. Single cells or nanoparticles
can be weighed with a noise level of ~1
fg. Surface adsorption of molecules can
be monitored with ~0.01 ng/cm? resolution (1 Hz BW).
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binding to immobilized
antibodies. (1 Hz =
~300 fmol/cm? surface
coverage). Interaction
kinetics are measured
in real-time under con-
tinuous flow in ~10 pL
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Motivation: Improving Mass Resolution
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Reducing the resonator size 10-fold increases

sensitivity by 1000-fold.
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Low damping will be critical for improving mass resolution by scaling.
How does damping due to the fluid scale with the size of the resonator?

Model
L

Damping vs. Size, Viscosity (Experiment)
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Measurements reveal a non-monotonic dependence of damping on viscosity in 8 um (left +
right) and 3 um channels (right figure only). Increasing viscosity is equivalent to reducing the
channel height. The qualitative features are predicted by a linear hydrodynamic model (below).
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Regime I (B>, ):
Dissipation 1s dominated by
the thin viscous boundary

layers close to the top/bottom

Scales
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Boundary conditions: Euler-Bernoulli beam, no-slip at top/bottom surface.

Effects considered (linear model):

Pure bending
(z, = 0, channel centered about neutral plane)

surface of the channel; F ~

B1/2.

Regime II (1 <P <, . ):

Confinement of the fluid
decreases velocity gradients
such that Q improves with 1n-
creasing viscosity/deacreasing
channel height (open squares);

4+ —»{Complete flow

F ~ B! (dashed line, top).

Extension/contraction of channel due to z, # 0.
(Volume change due to off-axis placement)

On-axis (z,=0) case, displacement field:
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Off-axis placement, however,
can lead to additional dissi-
pation, lowering the quality
factor (open triangles, dashed
line, bottom).

Regime III (3 < 1): Dilation
of the fluid becomes signifi-

cant.

Comparison with Measurements

Normalized Quality factor: F([3)

Measurements:
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cant and velocity gradients are reduced. Energy dissipation 1s thus lower than
predicted by the incompressible model. For 3 <0.1, higher order effects not in-
cluded in the model (e.g. curvature and shear of the cantilever) become signifi-



