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Abstract

A hybrid gas sensing module consisting of an array of 8 polymer coated capacitive sensors and low power read-out
electronics is introduced. The chemocapacitor array is fabricated with standard microelectronics/micromachining
processes allowing for the realization of planar InterDigitated Electrodes (IDEs). The read-out electronics sub-
module consists of an analog multiplexer for the sequential measurement of the sensor array elements, a capacitance
to 24-bit converter and a USB to I°C interface. The compact hybrid module has been successfully applied in the
detection of sub-100ppm concentrations of p-xylene and toluene. The responses to various humidity levels have been
also evaluated.
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1. Introduction

Research in the field of detection of various chemical species is intensive during the last two decades
and several transduction principles have been proposed and explored. Typical examples of the mostly
used sensors are: sensors based on metal oxides [1], acoustic waves [2], cantilever resonance [3],
resistance changes-chemresistors [4] or capacitive changes- chemocapacitors [5, 6]. In several of these
approaches have very good results in terms of sensitivity and selectivity have been obtained but two
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particular categories, chemresistors and chemocapacitors, have attracted considerable research interest.
Both sensor types can be fabricated with conventional microelectronic-micromachining processes, they
operate at ambient temperature offering low power consumption, and they have been successfully applied
in a wide range of diverse applications with high sensitivity and detection limit.

Capacitive sensing devices with polymeric films as sensing layers have already found applications in
the detection of volatile organic compounds and humidity. The detection mechanism has been studied
previously, e.g. [7], and rely on a combination of swelling and change of dielectric permittivity of the
sensitive polymeric material due to vapour sorption.

The capacitive devices for gas sensing applications are based on three electrode layouts: (i) by
anchored top and fixed bottom electrodes with a polymeric film, the sensing film, in between [8]. The top
electrode has openings for fast interaction of the analyte with the polymeric film. (ii) Planar InterDigitated
Electrodes (IDEs) [9] where the polymeric film covers the electrodes. This configuration is the most
popular one mainly because of the easy fabrication. However in this case half of the electric field lines
pass through the sensitive polymeric film and therefore the sensitivity is reduced and (iii) Vertical IDEs
[10] with the polymeric film covering the space between the electrodes. The sensitivity is increased
compared to Planar IDEs however the diffusion is slower and fabrication is more changeling.

In the present work we deal with the development and evaluation of a low cost miniaturized device
consisting of a capacitive sensor array hybrid integrated, with the appropriate read-out electronics
providing low power control and facile data acquisition and processing, that can be used for detection of
several Volatile Organic Compounds (VOCs).

2. Experimental

The chemocapacitor array is fabricated with standard microelectronic/micromachining processes
allowing for the realization of IDEs [9] with critical dimensions of 2um and the formatting of a well of a
thick epoxy- based resist layer (~ 50um) around every IDE (Fig 1). This way we achieve controllable
repeatable deposition of the polymeric film that acts as the sensing layer, on the IDEs without
deterioration of the sensing response. Each chip has an area of 7 x 7mm’ and consists of 8 IDCs, each one
of them with 1 mm’ sensing area. For the targeted application, the detection of VOCs in low
concentrations at the presence of humidity, three hydrophilic (PHEMA, PVP, PEI) and five hydrophobic
(PBMA, PEMA, PHS, divinyl terminated [P(DMS-co-DPhS)], dihydroxy terminated [P(DMS-co-
DPhS)]) polymers were deposited by drop-casting over the pre-defined, by thick epoxy walls, IDE areas.

L

Fig.1:a) Optical micrograph of an 8- IDC sensor arrary with a thick ~ Fig. 2:a) Photos from the gas sensing module: 8-sensor array,
well around every IDE; b) optical micrograph of an IDE with electronics and chamber; b) the read-out and control
measured dimensions of width and gap electronics sub-module
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The control and read-out electronics sub-module consists of commercially available integrated circuits
that allow the fast and reliable measure of the sensor array with high resolution and small noise. For the
scanning of the sensor array a multiplexer is used connected with a capacitance to 24-bit converter [11]
and a USB to I°C interface (Fig. 2). The total footprint of the module is 10cm® and could be further
reduced through the use of smaller package for the chemocapacitor array. The module is connected with a
PC through a standard USB cable that provides the necessary power for the operation of all electronic
components. The packaging of chemocapacitor array into a standard package allows for the use of the
electronics sub-module in numerous applications where capacitors are used.

3. Results

The evaluation of the sensor response was performed in a small chamber made from Teflon (~ 5 cm?)
with controlled atmospheres of humidity and low concentrations of p-xylene and toluene. The capacitance
response of an analyte concentration depends on the polymer-analyte pair and the analyte vapor
concentration. The capacitance responses of two IDEs coated with two different polymeric sensing layers
upon exposure to low concentrations of p-xylene and toluene is illustrated (Fig. 3). For these polymer/p-
xylene systems and for the examined concentration range, an almost linear increase in AC is observed
with a slope of 0.02357fC/ppm for PBMA- coated sensor and 0.02783fC/ppm for PEMA sensor
respectively. Additionally upon exposure to a range of low concentrations of toluene the respective slope
values are for PBMA/toluene system 0.00622fC/ppm and for PEMA/toluene 0.00644fC/ppm.

The sensor array was studied upon exposure to different humidity levels in the 0-50% RH range. In
Fig. 4 the dynamic responses of selected IDEs covered with PBMA and PEMA upon exposure to a range
of different proportions of relative humidity is presented. The capacitance response is higher and reaches
the equilibrium much faster in the PEMA case. Furthermore the capacitance response increases almost
linearly with the relative humidity values.
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Fig.3: Capacitance responses of selected polymer- coated sensors upon exposure to a range of low concentrations of toluene and p-
xylene analytes.
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Fig. 4: Dynamic responses of: PBMA and PEMA-, coated sensors upon exposure to different humidity levels.

4. Conclusions

The results above indicate that the introduced hybrid gas sensing module, consisting of an array of §
polymer coated capacitive sensors and low power read-out electronics, is capable for detection of low
concentrations of VOCs. Therefore this sensing module can be potentially applied in real environment.

References

[1] P.Kanitkar, M. Kaur, S. Sen, A. Joshi, V. Kumar, S.K. Gupta, J.V. Yakhmi, International Journal of Nanotechnology (1JNT),
2010, 7.p. 883-906.

[2] J.W. Grate, “Acoustic. wave microsensor arrays for vapor sensing”, Chem.Rev., 2000, 100, p. 2627-2648.

[31 P.G Datskos, S. Rajic, M.J. Sepaniak, N. Lavrik, C.A. Tipple, L.R. Senesac, 1. Datskou, “Chemical detection based on
absorption-induced and photoinduced stresses in micromechanical system devices”, J. Vac. Sci. Technol. B,. 2001, 19, p.
1173-1179.

[4] B.J. Doleman, M.C. Lonergan, E.J. Severin, T.P. Vaid, N.S. Lewis, “Quantitive study of the resolving power of arrys of
carbon black-polymer composites in various-sensing tasks”, Anal. Chem., 1998, 70,p. 4177-4190.

[5]1 S. Chatzandroulis, A. Tserepi, D. Goustouridis, P. Normand, D. Tsoukalas, “Fabrication of single crystal Si cantilevers using a
dry release process and application in a capacitive-type humidity sensor”, Microelectron. Eng., 2002, 61, p. 955-961.

[6] A.M. Kummer, A. Hierlemann, H. Baltes, “Tuning sensitivity and selectivity of complementary metal oxide semiconductor-
based capacitive chemical microsensors”, Anal. Chem., 2004, 76, p. 2470-2477.

[7] S.V. Patel, T.E. Mlsna, B. Fruhberger, E. Klaassen, S. Cemalovic, D.R. Baselt, “Chemicapacitive microsensors for volatile
organic compound detection”, Sens. Act. B, 2003, 96, p. 541-553.

[8] D.L.McCorkle, R. J. Warmack, S. V.Patel, T. Mlsna, S. R. Hunter, T. L. Ferrell, Sens. Act. B, 2005, 107, 892.

[91 M. Kitsara, D. Goustouridis, S. Chatzandroulis, M. Chatzichristidi, I. Raptis, Th. Ganetsos, R. Igreja, C. J. Dias, Sens. Act. B,
2007, 127, p. 186-192.

[10] Ch. Ketthanom, N. Chomnawang, D. Kalitabtim, A. Tuantranont, Proc. 27th Electrical Eng. Conf. (EECON-27), 11-12
November 2004, Khonkaen, Thailand, vol. II, p. 297-300.

[11] A. Oprea, J. Courbat, N. Barsan, D. Briand, N.F. de Rooij, U. Weimar, Sens. Act. B. 2009, 140, p. 227-232.



