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Abstract: Gas sensitive iridium-gated field effect transistors based on silicon carbide were used to
study the response towards formaldehyde, ammonia, carbon monoxide and nitrogen dioxide at
concentrations ranging from parts per million to parts per billion diluted in dry synthetic air and
under 50% of relative humidity. The sensor performance was studied using temperature cycled
operation mode from 270 to 390 °C to investigate the capability of these devices to discriminate
between the studied gases under different background conditions via pattern recognition
algorithms.
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1. Introduction

Metal-insulator-semiconductor field-effect-transistors (MIS-FETs) have been studied as gas
sensors for several decades [1] leveraging the catalytic properties of the gate electrode to promote the
dissociation of hydrogen species into protons. The absorption of these protons through the metal to
the metal-insulator interface influences the width of the depletion region in the semiconductor and,
thus, the capacitance of the MIS-FET [2]. Using a porous metal gate, in this case iridium, the sensitivity
of these devices is extended to gas species such as carbon monoxide (CO) or nitrogen dioxide (NO2),
removing negative charges from the surface.

Chemical gas sensors suffer from poor selectivity. This obstacle can be overcome using the well-
known electronic-nose configuration, defined as a heterogeneous group of sensors that is used to
produce different finger prints for each studied gas from the combined acquired signals [3] or, using
a single sensor, via an array of virtual multi-sensors using, in this case, the temperature cycled
operation (TCO) mode. The latter opens the possibility to study the response from the target gases at
a broad range of temperatures around the temperature corresponding to the maximum sensitivity
for each gas. At the same time, the unique transient response patterns of each studied compound can
be used to improve the selectivity of the gas sensor. This methodology has been demonstrated to
allow discrimination between gases that in static mode cannot easily be distinguished [4].
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In this study, increasing and decreasing temperature cycles were compared. The sensors were
exposed to CO, NO, formaldehyde (CH20) and ammonia (NHs) at concentrations in the parts per
million to parts per billion range. The exposures were performed in backgrounds of dry synthetic air
and 50% of relative humidity. The two temperature cycles were compared in their discriminating
power using multivariate statistical tools.

2. Gas Sensing via Signal Processing

The amount of information acquired from a gas sensor operating in dynamic mode is
considerably large and, for this reason, the signal processing is a fundamental step. This procedure
concerns three main parts: pre-processing, feature extraction, and modeling. The signal pre-
processing consists in the reduction of noise and drift by smoothing and normalizing the signal. The
extracted features in this study are the mean values computed from the three last seconds of each
temperature plateau depicted in Figure 1a, resulting in five virtual sensors. Also, the slope of the
averaged cycle corresponding to each exposure. Finally, the relative response from the quasistatic
plot shown in Figure 1b. These features are later used for a principal component analysis or linear
discriminant analysis, followed by model validation using 10-fold cross validation and classification
via k-nearest-neighbors algorithms.
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Figure 1. (a) Temperature cycle and resulting sensor signal. (b) Virtual sensors working at different
temperatures extracted from the sensor signal.
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