
A study on performance improvement of MEMS hair flow
sensors by parametric amplification

H. Droogendijk and G. J. M. Krijnen
MESA+ Research Institute, University of Twente

P.O. Box 217, 7500 AE, Enschede, The Netherlands

Keywords: cricket hair, bio-inspired, flow sensor, parametric amplification

Inspired by crickets and its perception for flow phenomena (figure 1), artificial hair flow sensors have been
developed successfully in our group [1]. Improvement of fabrication methodologies have led to better perfor-
mance, making it possible to detect and measure flow velocities in the range of sub-mm/s [2]. To improve the
performance of these sensors even further, we will make use of non-linear effects. In nature a wide range of
such effects exist (filtering, parametric amplification, etc.) and can give a rise in sensitivity, dynamic range and
selectivity.

Here, we consider parametric amplification, which is adaptation of the sensor performance. By controlling
the mechanical properties of the hair sensory system in time, a dynamical system with non-linear properties can
be obtained. Carr et al. [3] showed that with the right choice of parameters the input is amplified. Generally,
with a well-defined configuration one can achieve filtering and selective gain of the system.

To determine how this principle can be used in our bio-inspired hair sensor, we consider the second-order dif-
ferential equation describing its behavior (figure 3), where J is the moment of inertia, R the torsional resistance,
S the torsional stiffness and T the drag torque due to oscillating air flow:
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Normally the torsional stiffness is given by a spring constant S0. Now, we electrostatically modulate the
torsional spring stiffness of the system in time (see figure 4):
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With the appropriate pump amplitude U0, frequency ωs and phase θs we are able to improve the gain of
the flow velocity input signal, which is confirmed by numerical simulations in MATLAB (figure 5). Especially by
pumping with the same frequency and the double frequency of the incoming flow, significant gain of the signal
can be obtained.

In conclusion, by introducing non-linear effects to our artificial hair sensory system, we have indicated para-
metric amplification to be a useful mechanism to improve the performance of these sensors.
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Figure 1: Flow perception by crickets (SEM pictures
courtesy of Jérôme Casas, Université de Tours).

Figure 2: MEMS hair flow sensors.
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Figure 3: Model of a flow sensing hair [4].
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Figure 4: Modulating the torsional spring stiffness in
time.
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Figure 5: Analysis for variable flow frequencies.
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