N

N

Steps Towards Large Mylar Membrane Based Multiple
Transducers, Application to Chemical Adsoptions
Sensors
Corentin Jorel, Didier Robbes, Matthieu Denoual, Julien Grand, Svetlana

Mintova, Loic Le Marrec

» To cite this version:

Corentin Jorel, Didier Robbes, Matthieu Denoual, Julien Grand, Svetlana Mintova, et al.. Steps
Towards Large Mylar Membrane Based Multiple Transducers, Application to Chemical Adsoptions
Sensors. 2019 Symposium on Design, Test, Integration & Packaging of MEMS and MOEMS (DTIP),
May 2019, Paris, France. pp.1-4, 10.1109/DTIP.2019.8752771 . hal-02531584

HAL Id: hal-02531584
https://hal.science/hal-02531584
Submitted on 3 Apr 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02531584
https://hal.archives-ouvertes.fr

Steps Towards Large Mylar Membrane Based
Multiple Transducers, Application to Chemical
Adsoptions Sensors

Jorel Corentin Robbes Didier Denoual Matthieu
GREYC GREYC GREYC
Normandie Univ, UNICAEN, Normandie Univ, UNICAEN, Normandie Univ, UNICAEN,
ENSICAEN, CNRS, ENSICAEN, CNRS, ENSICAEN, CNRS,
Caen, France Caen, France Caen, France
corentin.jorel@unicaen.fr didier.robbes@unicaen.fr matthieu.denoual@ensicaen.fr
Grand Julien Mintova Svetlana Le Marrec Loic
LCS LCS IRMAR
Normandie Univ, ENSICAEN, Normandie Univ, ENSICAEN, UMR 6625, Université de Rennes 1,
UNICAEN, CNRS, UNICAEN, CNRS, Rennes, France
Caen, France Caen, France loic.lemarrec@univ-rennesl.fr
jgrand1985@gmail.com mintova@ensicaen.fr

Abstract—Integrated gas sensors and measuring systems are towards miniaturized arrays of sensors to addiesdviulti
desired devices in many domains, including large ates  Inputs — Multi Output (MIMO) challenges of measigin
applications. One of the main issue still is theipoor chemical simultaneously different gas concentration in thens gas

selectivity despite the very wide diversity of deveped systems.  vector. This aspect of the work is presented irttaropaper
In this paper, we present our approach based on sdtively [6].

adsorbing zeolite thin films. A full instrument has been

developed with up to five transduction means baseth a single After describing the design of the instrument atsl i
adsorbing layer of zeolite. That layer is suspendedn a large  multiple outputs part I, the mechanical model dfe t
Mylar membrane capped with a functionalized Aluminum thin oscillating membrane is presented in part lil.

film. We present also an analytical mechanical modé¢hat allows

estimating the instrument intrinsic possibilities. II. MULTIPLE OUTPUTSINSTRUMENT

Keywords—Chemical Sensor, Membranes, Zeolite, SingIeA' Membrane functionalisation
Input - Multiple Output, Mechanical Model Fig. 1 show the geometries of the 30 nm thick @hwm
meanders. Various tensions (few 100g up to 1 kgewsed

. INTRODUCTION to glue the Mylar membranes on an emptied PCB squith

Chemical adsorption on surfaces, and more speltyfica  thicknesses down to 1.5 pm. Sensing devices likeotie
zeolite thin films, has been shown to be chemicsdliective  pictured in Fig. 1 were fabricated as follows: ibeam
and is considered a method of choice in the gasirsgstate  sputtering of the gold contacts through a shadovekma
of the art [1]-[3]. Nonetheless, sensors charazaéion is still  photolithography and wet etching of the aluminurthpa
difficult, especially if direct comparison is de=ir Moreover, The zeolite film was deposited in the um range tpd
adsorption phenomenon are associated to variousdnation  coating. This thickness range was shown to be @ptim
mechanisms to create the final sensor voltage. ftlsa is  terms of filling factor and speed [7]. The zeotitgstals with

directly linked to a mass variation, or, indirectly a dielectric  MF| type framework structure were dispersed in etthavith
susceptibility variation, especially if the adsathenalyte is

made of polarized or highly polarizable moleculeectrical
conductivities or heat capacity variations can als®
associated with the adsorption. Once these physicaitities
are influenced by adsorption, devices aim to cantes
associated variations to output voltage variatiams| finally
obtain a usable transfer between the analyte cinatiom and
the output voltage.

The aim of that contribution is to present therinstent
we developed to make use of these various trarisduc
mechanisms while the analyte adsorption is comnan
concept we previously called Single Input - MultutButs

Fig. 1. Left : Functional top view of the aluminum meandgne two

(SIMO) [4]. In the present work, it is made usingrostrips intricated meanders (red and green) act as resigstaments when
of Aluminum to produce resistive meanders and digétiated outer contact pads are used, or as an interdigitaigacitance when
pairs of electrodes working respectively as resisti used through their inner contact pads. The outez hieander act
transducers or capacitive transducers on a Mylantmane. as a thermistor to evaluate the PCB temperatughtRPicture of a

suspended mylar membrane with 500 um large 40 nok th

This work was conducted in the framework of thggubC- Aluminum strip before Zeolite coating

MTM [5], which also included MEMS integration aspec
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Fig. 2. Expanded sketch of the SIMO device. From bottortopo(1) non contacting amplifier (blue square) tonitor membrane vibrations (capacitive
mode), (2) SIMO membrane upon its PCB holder (sge3}, (3) Analysis cell's walls and access, (4p#stic excitation, (5) cap.

different solid contents (1 to 10 wt. %) to formnimgenous
films with controllable thicknesses.

The zeolite films were annealed at 80 °C for 20uten
after drying in ambient air. The thickness of tleelite films
was varied by changing the concentration of theliteeo
crystals in the coating suspension or by renewireg drop
coating. Several zeolite films were prepared atckiiesses
were monitored by scanning electron microscope (BEM

B. Transductions

The meanders geometry together with the contacs pac
distribution allow various working modes to linketlanalyte
adsorption to outputs. Those using resistive tractsoh are:

*« One resistive meander to heat and one to measu
temperature due to the metallic R(T) behavior, ther
allowing the calorimetric evaluation of the adsatlbeass

[8].

¢ Direct measure of the resistance change when edpose
the analyte because conductivity is influenced Hoy t
adsorption, through strain gauge effect.

¢ Evaluation of the membrane vibration spectrum unde
acoustic excitation to reflect mass variation afec
through strain gauge effects in the thin metalleander.

Those using capacitive transduction means are:

e Capacitance variation of the full interdigitatedirpaf
meanders, allowing dielectric susceptibility evéaiom
as linked to adsorption,

¢ Vibration spectrum evaluation under acoustical taticin
measured with a capacitance effect: the aluminun
meander is biased at a common voltage and a voltac

amplifier is positioned just below (~100 pm) to aet
voltage variations.

Fig. 3. Top: functionnal sketch of the full sensor celltbat. The mylar
membrane is in the bottom left part while, in thpper right part,
four commercial sensors are installed. Bottom: esponding
realized cell



Fig. 4. Picture of the gas control system with 5 saturaaois flow meters.

C. Sensor cell

The last transduction mean is more clearly presefig.
2 with all the functional elements using the bottgaurt
amplifier. Mini coaxial connectors are used ane¢hr
commercial sensors are added to monitor tempetatur
pressure and humidity. Those three parameters ¢huoail
closely monitored as they influence strongly théfedént
transduction mechanisms.

D. Full Sensor block

The sensor walls and access have been optimiZasdo
laminar transport of the gas in order to reductusiibn time
constants and inhomogeneous concentration repattitihe
full sensor block is presented Fig. 3. It includesecond cell
after the sensor’s one that is used to add fouiliaryk
commercial gas sensors from Eurogas Management LTI
They monitor CO, N@ H,S and Volatile Organic
Compounds (VOC). This second cell will allow direct
comparison of the measurements during the firglestaand
will naturally evolve to host another large memleraor
integrated MEMS sensor in a future MIMO approach.

E. Gas control system and acquisition unit

The Gas control system is presented Fig. 4. legghed
for controlling/mixing five different gas accuraggll0 sccm
resolution) with state of the art response times)(m

NI USB-6363 will provide a 16 differential ADC
acquisition with 16 bits resolution at 2 MSampldsiseach
This will allow post measurement processing in otdgake
advantage of the multiple outputs associated togdesinput.

I1l. ANALYTICAL MODEL OF THE MEMBRANE VIBRATIONS

In the analysis cell depicted Fig. 2, there areg¢hmain
components that can be seen integrated fig. 3. pi&eo
ceramic actuator covers the active membrane witimesize
air gap. The actuator allows to control and exdite
membrane mode of oscillation. On the other sidethef
membrane, an integrated voltage amplifier with oos-
contacting electrode is approached very closetyg@ of 20-
100 pm). The working principle of this set of compats to
get a micro balance use the resonant moving obthsed
membrane, while the capture electrode of the araplif
monitors the membrane response by a capacitiveteffao
main transmission ways form the piezo-disc to tieenforane
can be efficient. The first one is from the acaugtiessure

field in the cell gas, while the second one is tiouhe
constitutive solid materials that are used in thiéassembly.
The first one acts directly upon the membranejtsiné well-
known academic problem [9]. The second one diresthg
upon the material edge of the membrane. The madedf
that excitation is related to the precedent onesdlying the
membrane movement equation with a forced moving
boundary condition.

A qualitative analysis of our system led us to gat
evaluation of the efficiency of these two ways @it the
membrane. The acoustic pressure in the gas shaald b
dominant when the cell assembly is rigid and clasnmea
large and heavy body. The second way is not oftedu
because the overall assembly should be as ligpbssible
and not rigidly clamped. This consideration prolgaplain
why that problem conditioning was not found in literature.
Indeed, the first assembly of the cells was donegufour
stainless steel screws and a well clamped cellitéian of
the membrane then did not produced sufficient nespat the
amplifier output. While mounting the cell using oglscrews
without clamping then lead to large amplitude signmaking
obtaining their spectra easy with an Ono Sokkiyael We
then assumed that the excitation through the mdsingpdary
Bondition was dominant in the later assembly type.

TABLE . MODEL PARAMETERS
Symbols Names Values unitsg
L square size 1-2 cm
membrane
h thickness 1-10 Hm
p density 1350 kg/th
To tension 1-50 N/m
c wave speed [Ty/ph m/s
u viscosity 10 - 107 s
fam Eigenmode %\/n2 + m? Hz
i W mey? 2 22
Bam damping factor E(T) (n? + m?) /s

In the framework of the square geometry, the problas
analytically solved with time dependent boundanydition at
the membrane edge. Given the parameters defined and
gathered Table 1., the magnitude of the displacéraethe
center of the membrane follows the expression for t
fundamental mode (m=n=1):

2B11Q cos(Qt) + (Q% — wy12) sin(Qt) 1602 * qq
*
Q2 — w3 2)? + 46,702

Whereq, is the amplitude of the edge variation @hds
angular velocity.

q11(t) = -

That analytical model was used to evaluate the matg
of the sensitivity parameters at the resonant #aqy of the
fundamental mode. Those parameters were defined wit
respect to the phase deviation around the resdrentency
(that would be used in the lock-in detection). Wiestf
evaluated the phase sensitivity to mass variatibrthe
membrane. The result is shown Fig. 5 and 6, aralwe\of -
30°/ug is obtained. We deduce the order of mageitfdhe



would be around 60 ppb of ethanol in air. Thisreation is
not taking into account the fact that only a fractiof the
ethanol passing through the cell is effectivelyoabded.

15 o

m+dm

1o — Two other sensitivities have been evaluated ushey t
] model. Phase response to membrane thickness fign-%ith
05 the expected same sign as the response to maatorarAnd
e ] phase response to Tension is +20°/(mi.m
g 00
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is assumed as a common valéier = 120 pg. For ethanol,

this corresponds to 2.6 pmol. If we consider agad#l volume
of 1 cn? and the ideal gas law, the intrinsic ultimate hetson



