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ABSTRACT 

This paper presents bistable microswitches with Au contacts 
with the aim to combine them with artificial hairs for flow 
sensing. The Au contacts are applied on both ends of a 
silicon nitride beam, suspended by a torsional bar at its 
center. The beam is provided with electrodes for electrostatic 
actuation, which were used for characterization and can also 
be used for adaptive control of the mechanical properties of 
the flow sensor. The electrodes have been actuated in anti-
phase to drive the microswitch similarly to an astable 
multivibrator. Single-sided switching has been measured up 
to 10 kHz actuation frequency. 

1. INTRODUCTION 

A cricket has filiform flow sensitive hairs in various lengths, 
diameters and directions on conical appendages at the rear of 
its abdomen, called cerci (Fig.1). Each hair is innervated by a 
sensory neuron at its base center, which is triggered by 
mechanical stress due to hair deflection. The movement of 
the hair has a preferred direction, because of its elliptically 
shaped base joint. These mechanoreceptor hairs have been 
experimentally found to be extremely flow sensitive [1], 
enabling crickets to detect the complex flow patterns 
produced by their predators and react accordingly [2]. 

Fig. 1 Filiform flow sensitive hairs on the cerci of a cricket 

Several groups have been working on the realization of 
artificial hairs for flow sensing. Because of the ease of 
surface micromachining techniques it is most straightforward 
to fabricate artificial hairs in the wafer plane [3],[4]. 
However, although surface micromachining allows for 
fabrication of artificial hairs into rows, it is difficult to 
combine the rows into two-dimensional arrays. Chen et al. 
[5] proposed to use the so-called plastic deformation 
magnetic assembly (PDMA) method to erect the hairs out of 
the wafer plane. These sensors can easily be integrated in 
arrays, but the density is restricted by the area needed to 
fabricate the hairs. This research focuses on the fabrication of 

high-density arrays of cylindrical hairs. Two fabrication 
processes have been presented. In the first process, a silicon 
wafer was used as a mould to realize silicon-rich-nitride 
(SiRN) hairs [6]. With the second process SU8 photoresist 
hairs were fabricated on top of surface-micromachined read-
out structures [7]. 
Up to date artificial sensory hairs have been provided with 
either piezoresistive read-out [3],[4],[5] or with capacitive 
[6],[7] read-out. The output signal of both transduction 
mechanisms is an analog signal and, for small deflections, 
proportional to the deflection of the hairs. However, e.g. the 
relative capacitance changes are small and a complex 
measurement setup is needed to measure the total 
capacitance change of a complete sensor array. Therefore, it 
is relevant to look for alternative read-out methods. In this 
paper we propose to use microswitches with Au contacts for 
detecting SU8 hair movement. 

2. MOTIVATION 

Unlike the former analog read-out mechanisms, switches 
supply digital output signals. It is relatively easy to 
distinguish between these two states and a complex 
measurement setup is not required. Moreover, the digital 
character of the signals allows for summation of individual 
sensor signals. In addition, sensors can be assigned different 
weight factors, like in R/2R ladder networks, to obtain 
position specific read-out. The digital system even allows for 
mimicking cricket neural processes down the information 
processing chain  
Bi-stable devices (and non-linear in general) allow for signal 
amplification by so-called stochastic resonance (SR). While 
noise in engineered systems most of the time leads to adverse 
effects and hampers the detection of low level signals, SR 
actually helps to increase the apparent sensitivity of a system 
by the combined nonlinear effects of noise and signal. SR 
takes place, when the noise power is properly matched to the 
period of the signal, so that the stochastic transition 
probability coincides with the frequency of the signal. SR 
causes a maximum in the signal to noise ratio for certain 
noise power (hence the name SR). Experimental observations 
seem to indicate that stochastic resonance is one of the 
mechanisms responsible for the extreme efficiencies 
(energies down to the thermal noise levels) of the flow 
sensitive hairs of crickets [1]. 
Finally, adaptive control of the mechanical properties of the 
switching structures can be obtained by the application of 
DC- and/or AC-bias-voltages [8]. DC bias voltages can be 
used to change the effective torsional stiffness analogously to 
the change in effective stiffness (and pull-in) obtained in 
gap-closing actuators. AC-bias voltages allow for nonlinear 
signal mixing and parametric amplification [9]. 
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3. DESIGN 

Conductive switches are widely used in the field of 
information technology. These microswitches are designed to 
switch relatively large currents and contact resistances have 
to be minimized in order to prevent welding due to high-
energy dissipation. The purpose of our switches is simply to 
distinguish between on- and off-state, which concerns small 
currents only. Nevertheless, small contact resistance is 
desirable in order to have short decay times as well in order 
to minimize on chip-dissipation. 
 Therefore, the contact material has been chosen to be of 
noble nature, i.e. have outstanding resistance to oxidation to 
assure low contact resistance. Common to MEMS fabrication 
methods are platinum (Pt) and gold (Au). The latter is 
preferred according to calculations based on the contact 
resistance model as described by Majumder et al. [9]. 
 The Au contacts are applied on both ends of a silicon-
rich-nitride (SiRN) beam, which is suspended by a torsional 
bar at its center. SiRN is known as a good material for 
mechanical microstructures [7]. In finalized switches, the 
SU8 artificial hair is supposed to be located at the 
intersection of beam and bar (but is not included in the 
switches described in this paper). Furthermore, each side of 
the beam is provided with an electrode for electrostatic 
actuation (Fig.2). A highly conductive wafer serves as the 
common lower electrode. 

Fig. 2 Schematic drawing of the switch structure 

Without applying a bias-voltage to the actuation electrodes, 
the torque resulting from the drag force exerted by the 
airflow on the hair has to overcome the spring torque of the 
torsion bar to close the switch at a certain angle.  
In order to increase sensitivity, a DC-bias can be applied to 
both sides of the switch, which moves the entire structure 
downwards. The mechanics of the system are now governed 
by lower effective translational and rotational spring 
stiffnesses, which become zero at the pull-in points. The gap 
between the contacts can be reduced close to pull-in and is 
closed subsequently by the drag force on the hair.  
The switch can also be operated in an oscillating fashion with 
AC actuation voltages. In this case the switch is driven 

electrostatically in a way similar to an astable multivibrator, 
i.e. the switch toggles continuously between the two stable 
situations. Without external flow a symmetrical wave output 
signal is produced. When airflow exerts drag force on the 
hair, the duty-cycle of the output signal, which can be 
measured very accurately, is a measure for the magnitude of 
the flow. 

4. FABRICATION 

The main difficulty of the design is the combination of Au 
contacts with the SiRN mechanical structure, as Au does not 
survive the high temperature (850 C) low-pressure chemical 
vapor deposition (LPCVD) of SiRN. The problem has been 
solved by patterning a fixed and a cross-shaped movable part 
in the SiRN structural layer. The fixed part is provided with 
the lower Au contact. The upper contact is anchored to the 
movable part in the shape of a U to prevent deformation of 
the freestanding sputtered Au layer due to stress. The fact 
that the distance between the electrodes and the distance 
between the contacts are independent, is an additional 
advantage of this design. 
Fig. 3 shows a condensed process flow of the drag force 
actuated microswitch with artificial SU8 hair. 

Fig. 3 Condensed process flow of the drag force actuated 

micro-switch with artificial SU8 hair (the cross-section A-A’-

A” corresponds with Fig.2) 

The process starts with a highly conductive silicon (Si) 
wafer, which is protected from etching with a 750 nm thick 
electrically isolating SiRN layer. Then 2 µm sacrificial Si is 
deposited by LPCVD and patterned to provide an anchor for 
the suspended mechanical structure. A 900 nm thick SiRN 
structural layer is deposited by LPCVD and patterned, as 
shown in Fig.3a. In order to properly fill the trench in 
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between the fixed and the movable SiRN parts 1.5 µm Si is 
deposited by LPCVD. The surplus of Si is oxidized by high 
temperature wet oxidation at 1050 C and removed 
subsequently to obtain a smooth surface. Two different 
masks are used to firstly pattern the stack of a chromium (Cr) 
adhesion layer and 40 nm Au to form the upper actuation 
electrode and secondly pattern the Au to form the lower 
switch contact (Fig.3b). Then two Si sacrificial layers are 
needed to define the gap between the Au contacts, as shown 
in Fig.3c. The Si layers of 600 nm thickness each have to be 
sputtered to prevent the Au from high temperatures. Next, a 
500 nm thick Au layer is sputtered and patterned according 
to the mask for the upper contact (Fig.3d). Before the 
artificial SU8 hairs can be applied, part of the sacrificial Si 
has to be removed first. Once the hairs are present, the 
remaining sacrificial Si can be removed by isotropic reactive 
ion etching (RIE) (Fig.3e). The sacrificial Si is also etched 
through the holes in the SiRN beam, which reduces etch 
times considerably. 
Prototype microswitches have been fabricated according to 
this fabrication process, but without the SU8 hair for drag 
force actuation (Fig.4). However, the electrodes for 
electrostatic actuation can be used for characterization of the 
switch properties. 

a) b)

Fig. 4 SEM pictures of the microswitch without SU8 hair: a) 

top view of the suspended beam (200 x 50 µm) with two 

mutually isolated upper electrodes and b) magnification of 
an Au contact and part of the electrode to reduce the contact 

gap electrostatically 

Problems have been encountered during trench filling 
(Fig.3b) and while sputtering the Si sacrificial layers 
(Fig.3c). Due to the high temperature oxidation process 
cracks appeared in the stack of the two SiRN layers and 
some of the devices were destroyed. After sputtering the 
sacrificial Si, the Au underneath had changed its color and 
showed a rougher surface. It is assumed that during the 
sputter process the eutectic temperature of Au-Si was 
exceeded and that the materials have alloyed. The resistivity 
of the alloy is a factor 30 higher than can be expected for 
pure Au. For future runs it should be considered to use Pt as 
contact material for the lower contacts, as its eutectic 
temperature with Si is considerably higher (830 C).  

5. MEASUREMENTS 

The prototype microswitches have been provided with 
electrodes for electrostatic actuation, which can be used to 
characterize the switch properties. Fig.5a shows the bistable 

switch with electrode numbering. Electrode numbering is 
repeated in Fig.5b, where in addition also the actuation 
voltages (V1 and V3) and the response voltages (Um2 and 
Um4) are indicated. The characterized device consists of a 
200 x 50 µm beam, suspended by 100 x 16 µm torsion bars. 
Measurements have been performed using an oscilloscope to 
measure the voltages Um2 and Um4 over the measurement 
resistors Rm1 = Rm2 = 1 M , when either DC-biased square 
or triangular wave signals (V1 and V3) were applied. Um2 and 
Um4 are zero when the switches are open. When the switches 
are closed, Um2 and Um4 approximate V1 and V3 respectively, 
as the contact resistance (3.5 k ) is only a fraction of 1 M .
Note that the upper contact and the upper electrode are 
electrically connected. 

a) 

b) 

Fig. 5 Measurement setup: a) bistable switch with electrode 

numbering and b) schematic diagram with V1 and V3 as 

actuation voltages and Um2 and Um4 as response voltages 

Fig.6 shows the results of the first measurement, in which 
square wave signals (V1 and V3) have been applied in anti-
phase at 10 Hz to drive the microswitch similarly to an 
astable multivibrator.  

Fig. 6 Measurement with square wave actuation voltages V1

and V3 in anti-phase 
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Switching can be concluded from the off-state, where Um2

and Um4 do not equal V1 and V3, but equal zero. 
Fig.7 shows the results of single-sided actuation at 500 Hz 
and 10 kHz. The triangular actuation wave allows for 
monitoring the closing and opening voltages of the switch 
and it can be seen that the switch closes at higher voltages 
than it opens, an indication of the occurrence of pull-in 
phenomena. Moreover, a sharp angle in the falling edge of 
the response voltage indicates opening of the switch even at 
high frequencies. At high frequencies the RC-time of the 
scope impedance and Rm and the ‘delay’ to close the gap due 
to inertia hinders Um to become zero, which implies that with 
square wave actuation the on- and off-state cannot be 
distinguished easily anymore. For the same reason it is 
advisable to reduce the measurement resistance and 
electrically separate the upper electrodes from the upper 
contacts for future runs. At 10 kHz the switch has been 
operated up to 3 minutes, which corresponds to 
approximately 1.8 million switching cycles. For longer 
operation times the switch was continuously stuck in the on-
state, possibly due to charging effects. 

Fig. 7 Single-sided actuation with triangular actuation 

voltage V1 at 500 Hz (a) and 10 kHz (b) 

6. CONCLUSIONS 

We have shown the first bi-stable switches for flow-
measurement purposes. High temperature LPCVD of the 
SiRN structure material has been combined with sputtered 
Au contacts. The prototype switches are provided with 
electrodes for electrostatic actuation, which were used for 

characterization. These electrodes can also be used for 
adaptive control of the mechanical properties of the 
switching structures by application of AC- and DC-bias-
voltages. Square wave actuation of both contacts in anti-
phase has been shown at 10 Hz. Single-sided actuation with 
triangular waves has been demonstrated up to 10 kHz with 
successful operation 1.8 million switching cycles. For future 
runs it has to be considered to replace the lower Au contact 
with Pt and electrically separate the upper electrodes from 
the upper contacts. 
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