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Summary:
A MEMS cantilever based resonant device for gas monitoring actuated and sensed piezoelectrically,
has been designed, simulated, fabricated and tested. Aluminum Nitride (AlN) has been used as active
material to implement the piezoelectric actuator and sensor. Simulation performed using COMSOL
and measurements show a very good agreement. The final system, the full sensor for gas monitoring,
allows the measurement of gas density and viscosity at temperatures between 0 and 60 °C and pressures between 1 and 10 bar abs. with accuracies of <0.03 kg/m 3 and 6% respectively. A second technological run that aims to improve the viscosity accuracy is ongoing.
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Background, Motivation an Objective
Micromachined sensors are widely used to
meet the increasing demand for miniaturized
sensors for measuring physical parameters of
gases, such as the density and viscosity. Also
the realisation of ultra-precise scales in the field
of inert gases e.g. welding gas or modified atmospheric packaging gas mixing application is
of high interest. The use of standard silicon
technology allows miniaturization at reduced
costs, thus pushing the entry into new sensor
markets such as low-power handheld systems
[1]. The core of the sensor is an oscillating micro-cantilever which is fabricated at the Center
of MicroNanotechnology (EPFL). The peak
resonance response frequency fr and the quality factor Q of a microcantilever are the two main
dynamic characteristics that are very sensitive
to the density and viscosity of the surrounding
fluid [2]. Therefore, the viscosity and density of
a fluid can be determined by analyzing the frequency response of a cantilever immersed in
the fluid [3,4].
Description of the System: Design&Process
In this paper, a MEMS cantilever resonator (the
core of the sensor), actuated and sensed piezoelectrically, has been designed, simulated,
fabricated and tested. A piezoelectric transduction, Aluminum Nitride (AlN), is integrated on
top of the cantilever to enable actuation and
detection of devices (resonance frequency and

Q factor). Platinum (Pt) has been used as top
and bottom metal contacts between which AlN
has been sandwiched to form the actuating and
sensing electrodes and also the temperature
sensor. Indeed, as the temperature has to be
well measured and controlled during the evaluation of the gas thermophysical properties, we
need to define the temperature sensor as close
as possible of the density and viscosity sensors. The cantilever investigated in this paper
was fabricated on a SOI wafer with a 10 m
thick device layer and with a length of L=600
m and a width of W=202 m. Fig. 1 shows the
detailed process flow.

Fig. 1. AlN cantilever fabrication process: (a) thermal oxidation isolation layer, (b) adhesion AlN layer
and bottom Pt metal deposition and patterned by liftoff, (c) active AlN layer and top Pt metal deposition
by sputtering and patterned by Cl2/Ar dry etch, (d)
cantilever shape patterning by CF4 and Cl2 dry etch,
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(e) Parylen deposition for the front side protection
during the deep back side etching, (f) cavity patterning by dry Si and wet SiO2 etching, cantilever release
by plasma O2

Results
Fig. 2a shows the SEM image of the fabricated
AlN cantilever. Fig. 2b shows the MEMS chip
bonded on a PCB, following by the glob-top
encapsulation.

b)

(a)

Fig. 2. MEMS Piezoelectric cantilever: (a) SEM image: Temperature sensor (T°) and Piezoelectric
transducer (PZE), (b) MEMS sample + PCB

different gases (N2, CO2, Ar and He) are measured at temperatures between 0 and 60 °C and
pressures between 1 and 10 bar abs. The
measuring performance of the sensor is shown
in Fig. 5. We can measure the gas density with
an abs. accuracy <0.03 kg/m3 and the dynamic
viscosity with a relative accuracy of 6%. In order to optimize the viscosity accuracy, we have
decided to change the Si device layer from 10
m to 5 m and 3 m. A second technological
run is ongoing.

Fig. 4. Sensor PCB mounted in a pressure tight gas
cell with electric connections on the right and fluidic
connections on the left

Fig. 3 a and b show respectively the simulated
impedance real and imaginary parts performed
in COMSOL and the measured frequency response, both amplitude and phase of the signal.
We can see a good agreement between the
simulation (fr = 43.7 kHz, Q = 882) and measurement results (fr = 41.1 kHz, Q = 724).
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Fig. 5. (a) Density and (b) viscosity measuring accuracy
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Fig. 3. Piezoelectric resonance and Q factor in Air:
(a) simulated impedance in COMSOL, (b) Measured
frequency response using lock-in amplifier
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