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Highlights

e A new architecture has been proposed for planar heated resistive gas sensors.

e It uses one of the sensing electrodes simultaneously as heating element.

e It consumes less metallic ink and substrate area than a usual planar configuration.
e Thus, it enhances power consumption and thermal homogeneity.

e It avoids printing robust interdielectric layer as in stack configurations.

Abstract

This paper presents a new coplanar architecture to implement the electrodes and the heating element of
printed gas sensors. The design includes two electrodes and three contacts. One of the electrodes works as
heating element and, simultaneously, drains the sensing current. The electrical modelling of the
transducers and its electronic implementation are reported. As this new approach is related to the
electrical topology of the system, a reduction in the number of conductive elements will be obtained for
any geometry, deposition method, and gas sensing layer. Compared with other coplanar topologies, this
approach simplifies the transducers processing to a single printing step, avoiding the use of an inter-
dielectric layer between heater and electrodes, and reducing the amount of electrically conductive ink
necessary to pattern heater and electrodes of the transducers. This cost-effective architecture and process
was applied to the fabrication of heated transducers for metal-oxide gas sensors. The two electrodes were
made by inkjet printing of gold on polyimide foil. For the validation of the concept, a Pt loaded WOs3
sensing layer was grown on top of these transducers printed with the proposed topology. When tested
against Ho, diluted in air, their response was as good as the one obtained employing the classical
topology. This simple architecture has strong potential for the realization of fully printed resistive gas
sensors and can be implemented as well in clean room processed transducers.
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1. Introduction

Chemo-resistive gas sensors based on metal oxide sensing layers have attracted much interest in the past
years, as a low cost approach for gas sensing [1]. The usual read-out architecture relies in measuring the
active layer variable resistance using a pair of electrodes. Their commercial version operates at relatively
high temperatures for optimum performances in term of sensitivity and selectivity [2], which has required
the implementation of a joule heating element. This heating element can be integrated in the same plane
as the sensing electrodes, having a co-planar architecture, or more often, in a different one, below the
electrodes, resulting in a stacked topology.

When implementing the heater in a stacked approach with the electrodes, two possible approaches have
been considered for the insulating dielectric layer between the heater and the electrodes. In one, the
substrate itself is used with the electrodes placed on one side, while the heater is placed in the reverse side
[3]. This approach has been used for many years in screen printed transducers made on alumina substrates
with platinum used as heater and electrodes. Recently, this approach has been applied to fabrication of
heated transducers on a 50 um-thick polyimide foil for a fully printed metal-oxide gas sensor [4]. This
configuration results in relatively high power consumption since heat has to flow across the thickness of
the substrate to reach warm up sensing layer on the other side. In the other, the heater and the electrodes
are stacked on the same side of the substrate with a thin dielectric insulator resulting in reduced power
consumption [5], which is the architecture mainly used in silicon micromachined hotplate type metal-
oxide gas sensors. The implementation of this approach for the realization of fully printed gas sensors, by
inkjet for instance, is a real challenge. It requires the development of a polymeric dielectric layer
withstanding the high temperature needed for the annealing of the metal-oxide film itself and for the
operation of the sensor. Moreover, inks solvent orthogonality is necessary for printing heater, dielectric,
electrodes and sensing layers, and topography issues must be faced when printing multi-layers. Finally,
using an inter-dielectric involves the proper printing of the electrodes on this layer with good resolution
and adhesion. In both cases, using the substrate or a thin dielectric layer to insulate the heater from the
electrodes, two or more patterning steps are needed to fabricate heater and electrodes.

When the transducers architecture is reduced to one layer, mainly to cut production cost, the usual
solution is a perimeter heater close and coplanar to two electrodes [6] [7]. But including heater and
electrodes on the same plane represents an increase of the area of the transducer and therefore an increase
in the power needed to rise the sensor temperature. Polymers that can be considered as substrate for
printed metal-oxide gas sensors, i.e. polyimides, are poor heat-conductors and are interesting to minimize
power consumption. However, because of their low thermal conductivity, a planar configuration of the
transducer, in which the heater surrounds the electrodes, is not optimum for achieving a good thermal
distribution over the sensing area.

We have found only one publication [8] that uses the heating electrode as draining node when sensing.
However, far from draining while simultaneously heating, the full circuit is used in a time sharing mode:
part time heating, part time measuring, therefore, no continuous operation is possible. This forces a
switched working mode in which, while the heater is fully grounded, the measurement time should be
short enough to finish before the device has cooled below the proper working temperature. This
represents a serious limitation for some active layers. Or, if a transient analysis approach is adopted, only
data when cooling down can be collected as no measurement can be taken when switching on the heating
power. Moreover, the implemented circuit is classically designed with two sensing electrodes, one
heating track and four contacts (plus two for the heater resistance measurements), so there is no
improvement envisioned in the fabrication process.

Here, we are reporting on a co-planar topology that is notably of high interest for the simple
manufacturing of metal-oxide gas sensors by printing. We propose to use one of the sensing electrodes,
simultaneously, as the heating track. We explain how, by wisely biasing one of the sensing electrodes, the
heater track can deliver steady power while simultaneously serving as drain electrode for the sensing



current. This design includes two electrodes and three contacts only, which results in a reduced number of
conductive elements, decreases substrate area needed in a planar configuration and simplifies transducer
processing to a single printing step. It avoids printing an inter-dielectric layer between heater and
electrodes, and reduces the amount of expensive metallic ink necessary to pattern heater and electrodes.
This results in a cost-effective architecture and process for producing simple transducers for resistive gas
sensors that, similarly to conventional transducers, are still able to operate in continuous heating mode (or
whatever switched mode is chosen with no time or phase restriction). Proper operation of the printed
flexible transducer has been proven and its implementation for gas sensing demonstrated with results
comparable with classical silicon based transducers.

2. New architecture
2.1 Topology of the architecture

The classical topologies for heated resistive sensors require at least three electrically conductive elements:
two sensing electrodes plus a heater, with usually two contacts each for reading and biasing them,
respectively. We propose the use of just two conductive electrodes with three contacts only. One of the
sensing electrodes acts as well as the heating element. Two of the contacts are located at both ends of the
electrode acting as sensing and heating element and the third one is linked to the second sensing
electrode. The ground contact of the heating electrode will drain both the heating and the sensing
currents. In Figure 1 a schematic representation of the proposed topology is shown: just one pair of
electrically conductive electrodes, one active sensing layer connected by both electrodes with only three
electrical contacts.
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Figure 1 Schematic representation of the proposed topology: two electrodes and three contacts.

To measure the variation of resistance of the sensor in the applicative environment, any viable electronics
ends the read-out chain feeding a voltage to the Analog to Digital Converter (ADC) input of a
microcontroller. Therefore, the sensor should be either biased with a known current in order to measure
the voltage between its terminals or biased with a known voltage to measure the current flowing through
it. The latter can be converted to an ADC readable voltage by means of a transconductance amplifier.

Having in mind the use of an integrated potentiostat, in a future microcontroller-based system, we have
chosen to bias the sensor with a known voltage and therefore to measure the sensing current. It results that
only one terminal (one external contact, V_SENS in figure 1) is needed to polarize one end of the active
sensing layer and to measure the current injected through it (lsens). Once this current has gone through the
sensing layer, it can be drained by the reference node of the transductor (GND) with no additional contact



needed. Moreover, there is no need to print an additional electrode to connect the sensing layer to GND. It
can be reached through the heater electrode, despite it is not fully grounded.

2.2. Parameter model

In this work, we have been developing this transducer architecture for metal-oxide gas sensitive layers.
Typically, the metal oxide sensors operate at high temperature (150 to 400°C). The best materials for the
electrodes are noble metals such as platinum and gold. These metallic electrodes, in comparison to the
metal-oxide film and the plastic foil, become the main contributor to the overall cost of the sensor

fabrication. Based on electrical conductivity of the materials involved, we have analyzed a distributed
parameter model for the circuit, which is shown in Figure 2.

I_heater

I_heater + I_sens

N RheaterlL Rheater/L FRheater/L _RheaterL Fheater/L RheaterL Rheater/L —
iy l
V_HEATER L L 1 L® I 1 iy L o =

b ® F o B o [

=4 = = = =4 = =

TN s T N - E- R b
= [v's o [n [ng o o o
I_sens
V SENS % Rs/L Rsil Rsil Rsil Rs/L Rsil Rsil

Figure 2 Distributed parameter model of the proposed topology.

Being the active sensing layer an n-type or p-type material (e.g., a metal oxide nanomaterial) and the
electrodes metallic (e.g. gold or platinum), the resistance of the gas-sensitive film will typically be several
orders of magnitude higher than the one of the electrodes (e.9. Rmetal-oxide >> Rau). Choosing by design
specification the sensing electrode bias voltage to be higher than the heater bias voltage (Vsens > Vheater)
ensures that the current through the gas sensitive layer is always flowing from the sensing electrode to the
heater electrode. In addition, since the heater current is large compared to the added sensing current, it
can be assumed that there will not be significant changes in the bias point of the heating element, despite
that changes occur in Rsens during gas detection events. For the case described

(i.e., Rheater ~ Rs <<< Rsens), the concentrated parameter model shown in Figure 3 is a very good
approximation to what is described in Figure 2.
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Figure 3 Cc_Jncentrated parameter model of the proposed topology.

In our case, the resistance of the active layer used (i.e. Pt-WO3) is near five orders of magnitude higher
than the heater metallic resistance (Rsens =~ 10° x Rheater), so the heater bias can be assumed to be
constant, even in the case of a gas detection event that may cause a decrease in the resistance of the active

film, resulting in a negligible error. Therefore, the measured injected sensing current (Isens) allows to
compute the resistance of the active layer according to Eq. (1).

Rsens = (V_sens —V_heater/2) /1 _sens (1)



Where V_sens, as shown in Figure 4, is set by the user and driven by the same transconductance
amplifier, which delivers as output a voltage proportional to |I_sens, as shown in Eq. (2).

V out=V_sens+1 sensxR_TIA (2)
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Figure 4 Transconductance amplifier: It forces a bias V_sen and outputs a voltage proportional to the injected current.
When read by an ADC, V_out allows a microcontroller to compute Rsens acording to Eqg. (3)
Rsens = R_TIA x (V_sens — V_heater/2) / (V_OUT - V_sens) 3)

Even for an Rsens just an order of magnitude bigger than Rheater, which would imply a very unlikely
4-order of magnitude drop in the resistance of the sensing layer during a detection event, this still
represents a good approximation. It is easy to determine, by the superposition theorem, that the sensing
current drain node voltage, which has been approximated as V_heater/2 in Eq. 3, is more precisely
0.48-V_heater+0.04-V_sens. This difference is small and it can be easily compensated via the software of
the microcontroller, so we can rely on the simplified model to understand the behaviour of the
architecture.

3. Results

3.1. Processing of the transducers via printing and their electro-thermal simulation and
characterization

In order to demonstrate the viability of the approach and to develop FEM models for improving their
thermal design a series of transducers were fabricated, following the proposed architecture and with a
geometry well suited for their thermal characterization, as illustrated in Figure 5. A 50 pum- thick film of
Kapton 200EN, a polyimide from Dupont®, was used as substrate. After treating the surface with a mild
oxygen plasma to make it more hydrophilic (which result in printing of single dots bigger than 200 pum
diameter), the electrode pattern was ink jet printed with a Dimatix Materials Printer (DMP-2800).
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Figure 5 Device layout: (a) First layer bmp pattern feed to materials printer. (b) Schematic geometry used for the Comsol
simulation (X-Y coordinates in um).

Platinum ink not being available at the time of this work, the ink used from Harima Chemical Group
(NPS series) was made of gold nanoparticles in solution. In order to obtain a satisfactory sheet resistance
and to ensure electrical continuity, a stack of 4 layers was printed. Taking advantage of the different
behaviour of the ink drops when in contact with Kapton and with already printed gold layers, we choose
to build a pyramidal profile for these metallic tracks. The topology of the first layer was dominated by the
coffee ring effect limited by side by side drop contact, resulting in a honeycomb structure with not a full
coverage of the substrate by the gold ink. The second layer behaved the same but the honeycomb
patterned was shifted and full coverage of the substrate was obtained. The third layer printed over gold
only exhibited quite uniform drops on top of the previous structure. The fourth layer ended in compact
drops with a dome shape. After annealing the ink for 90 min in an oven at 250° C, a set of transducers
were obtained that exhibited a heater resistance of about 30 2 (Figure 6). The resulting track width was
350 pum, and the inter-electrode gap 250 pum.

(@) (b)

Figure 6 (a) The set of transducers with two gold electrodes and 3 contacts, inkjet printed on Kapton. (b) Device close up.

The average picture of the printed gold lines, by construction, looked like a ziggurat over a honeycomb
basis, but in a close up, the thickness is quite random. The profile and thickness of the metallic lines were
analyzed using a white light interferometer (Wyko NT 110 from Veeco) and a KH 8700 Hirox 3D digital
microscope, but the gold layer was too thin and non-homogeneous, and the flexible substrate too uneven,
to get a reliable measurement. Analysis of the collected data resulted in a variable thickness from 20 nm
to 300 nm with a very heterogeneous distribution. This was due partly to the randomness in the impact of
the drops when jetted over the slightly irregular substrate, and mainly to the geometry of the stacked



layers and the coffee ring effect experienced. Figure 7 shows the optical image of a device when
illuminated from its backside, four stacked layers can be differentiated: the bottom one highly spread and
nearly transparent, the two in the middle with clear coffee ring effect and the top one much darker since it
is compact and thick.

/

Figure 7 Back lighted view of tracks printed in four pyramdal stacked layers.

The transducer was electro-thermally characterized by an external independent institute (FEMTO-ST,
Besancon - France) using micro-thermocouple (S type, 1.3 um in diameter [9]) to measure the surface
temperature of the device. Experimental characterization of the temperature distribution was carried out
by measuring the temperature in 16 different points, while applying a bias current through the heater.
Setting a polarization heater current Iheater = 70 mA resulted in a temperature at the center of the device
of Tcent = 208 °C, with a power consumption of 158 mW. Temperature was measured at points shown in
Figure 8.

S 4“&!3'&%-

Figure 8 Placement of pomtswhere surface temperature was experimentally measured.

In parallel to the physical characterization, we proceeded to a FEM simulation with Comsol Multiphysics
using the basic DC current module coupled with the thermal module through the Joule effect. That
“coupling” means that the thermal module takes into account heat generated by power dissipation in
resistors, and the DC current module takes into account the temperature reached to determine the
resistance values applying a linear variation p = po-(1 + a-(T-To)). The temperature coefficient of



resistance of the printed-gold was obtained measuring the electrodes resistance while placed inside an
oven with a slow increasing temperature ramp. For the temperature range of interest (from Tamb to 300
°C), a temperature coefficient o = 0.00165 K™ was obtained (i.e., half the coefficient of pure gold

oau = 0.0034 K1), The electrical resistivity of the gold material was taken from data sheet and a constant
thickness was set that would fit the measured total resistance value of the device. That did not give the
exact result at every point, but has shown to be very accurate in average.

Once the device geometry is defined, to run the electro-thermal simulations boundary conditions need to
be applied. As electrical boundary conditions we defined all around (3D) insulation, but the perimeter of
the bonding pads were set to the bias voltage (Vheat and GND, respectively) through a contact resistivity
of peontact = 2.58 x 10° QOm? (which resulted in a 2 Q serial resistor at the input of each contact). That does
not exactly match reality, as the full pad is supposed to be at bias voltage, but it is a very good
approximation, being the easiest way to include the contact resistance and represented a more realistic
behaviour of the electrical current flow through the pad. The sensing contact was set as isolated at this
stage of characterization.

As thermal boundary conditions we used the model provided by Comsol. Despite a 2D simulation was
run (to save time and computational resources) an “out of plane” option was activated. Then, to reproduce
the experimental characterization where the device was lying flat on the measurement equipment, we set
“natural perpendicular upwards convection” for the front side of the device, “natural perpendicular
downwards convection” for its back side, and “natural parallel convection” for the 50 um-thick perimeter.
Finally, we set the bonding pads as constant Tamp Since, once the wires bonded, they will act as
nearly-perfect heat drains. All material parameters, boundary conditions and simulation set ups have been
included in supporting information (Supporting information: 3. Simulation parameters pp. 2-4).

The temperature surface distribution obtained from the simulation is shown in Figure 9.
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Figure 9 Temperature surface distribution as simulated by Comsol (X-Y coordinates are in um).

Simulation results fitted extremely well the experimental measurements. To better appreciate how close
the figures are, for every measurement point Table 1 shows: the simulated temperature, the absolute
temperature difference between simulation and experimental measurements, and the difference relative to
the expected temperature increase over Tamp=31 °C (%).



Table 1 Simulated temperatures, difference to measured ones and relative error in expected heating.

: Tsim Tmeasur = Tsim |Tmeasur»Tsim|/lTSim — Tamb|
Point (°C) (°C) (%)
A 209.21 -0.92 0.5
B 159.05 -5.07 4.0
C 155.92 -11.88 9.6
D 106.28 -1.57 2.1
E 96.05 2.95 4.6
F 200.50 1.50 0.9
G 77.94 3.37 7.3

In the sensing area, far away from the bonding pads, the deviation is lower than 10% (Table 1).
Measurements and simulations were performed to know the temperature at the center of the device for
different heater polarization currents. The results are shown in Figure 10. As can it be seen, there is a
nearly perfect match below 220 °C (i.e., for less than 72 mA heating current), and the difference is even
lower than 5% above 250 °C.

Let us point out that we found useful to include, in our simulations, heat losses due to out of plane
radiation. In spite of the fact that radiation losses are generally considered to be negligible below 400 °C
for devices with smaller active areas [9][11][12], our results start to diverge at around 60 °C and reach a
10% error at a temperature as low as 250 °C. The consideration of radiation prevents introducing errors
on the temperature values higher than 20 °C, which would be significant for the design of metal oxide gas
sensors. So we set emissivity for the polyimide and gold at Epi=0.7 and Eau=0.12, respectively.
Emissivity figures were initially taken from tables [13] and later on fine-tuned to fit the results, as they
depend on final roughness and the thermal post-treatment of the surface of the sintered gold layer.
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Figure 10 Temperature at the centre of the device vs. heater current, measured and simulated, at Tam, = 31 °C.

These results completely validate the simulation model. Therefore, the surface distribution and behaviour
of currents, voltages and temperatures of our proposed topology is confirmed. Moreover, it can be
employed as a valuable tool for designing new devices with different three-dimensional geometries (i.e.
different 2D patterns and/or different substrate and printed tracks thickness).

3.2. Gas sensors results



Pt-nanoparticle decorated WOs3 nanowires were directly grown on top of the electrodes printed over the
polyimide substrate by means of aerosol assisted chemical vapour deposition (AA-CVD) using a hot wall
reactor. A summary of the process used is as follows. Tungsten hexacarbonyl and hydrogen
hexachloroplatinate were mixed and dissolved in a 50:50 mixture of acetone and methanol. An aerosol
generator was employed to produce sub-micrometer-sized aerosol droplets, which were transported by a
nitrogen flow to the heated reaction zone in which the substrate to be coated was held. Reaction
temperature was set to 380°C and the deposition process took 10 min to complete. To prevent the contacts
to be covered by the metal oxide layer, which would result in an increased contact resistance, a shadow
mask was used (of the same flexible Kapton material) to protect the contact areas. More details on the
growth process can be found elsewhere [14].

The AA-CVD process implemented resulted in the growth of randomly oriented tungsten oxide
nanowires completely covering the exposed electrode area of the sensor chip. Figure 11 illustrates these
results. Typically, nanowires were 60 to 120 nm in diameter and about 7 microns in length. The
nanowires were homogeneously decorated with a mono-modal distribution of Pt nanoparticles having an
average diameter of 2.5 nm. Tungsten oxide nanowires were single crystalline, monoclinic phase and
slightly sub-stoichiometric. XPS results indicate that the outer shell of nanoparticles consists of PtO, and
that metal loading is about 3% at [15].

(b)

Figure 11 (a) SEM micrograph showing the morphology of the tungsten oxide nanowire film on top of the electrode area. (b)
Close-up, HR-TEM micrograph showing a Pt nanoparticle on the surface of a tungsten oxide nanowire.

At this point we could prove our initial statement: the variations of resistance of the active layer could be
measured while one of the electrodes was working as a heater. Different sensing polarization voltages
(V_sens) at different heater polarization voltages (V_heater) were applied and the corresponding current
through the sensing electrode (1_sens) was measured. Figure 12 shows the results, where the horizontal
axis corresponds to the voltage drop in the active layer Vsens_eff =V _sens — V_heater/2 (mV), and the
vertical axis corresponds to the sensing current 1_sens (LA).



Sensing current vs. biasing voltage, at different heater temperatures
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Figure 12 I_sens (nA) vs. Vsens_eff (mV) at different heater polarizations (Vh).

The results obtained were as expected. For a chosen heater polarization, the current through the active
layer increased linearly as the applied voltage increased. And for increasing heater voltage polarization,
so when the device temperature rose, the active layer resistance went down (i.e. 41 _sens/AVsens_eff
grew). This behaviour matches the one of traditional hotplates architectures, as can be seen in the
supporting information (Supporting information: 1. Classical device behaviour pp. 1).

Once the devices were characterized and the feasibility demonstrated, we produced a new set of
electrodes specifically intended to be used for gas sensing measurements. Exactly the same two steps
fabrication process was used: Harima gold nanoparticles ink was inkjet printed to form the electrodes
over a Kapton foil and the Pt-WO3 nano-wires directly grown by AA-CVD to obtain the active layer. The
layout and the ink jet printed set can be seen in Figure 13(a,b). The same architecture was used, but with a
slight variation in geometry: this time the transducer used was the usual pair of interdigitated electrodes
seen for this type of gas sensors. It has to be pointed out that, as it can be seen in Figure 13(a), five
contacts were printed instead of the three proposed. The two in excess were just for testing purposes. As it
can be clearly seen, one was short-circuited to the heater contact (\Vh) and the other one to ground contact
(gnd). They were intended to facilitate a four wire measurement of the heater resistance, so the contact
resistance could be easily identified (a constant to be subtracted when computing the temperature value



from the resistance variations, as seen in the section on “Simulations results ). This was necessary only
for testing the prototype, in production the initially proposed three contacts topology would be used.
Device were bonded to a PCB, wire suspended, to facilitate its electrical connection to the measurement
set up while ensuring its thermal isolation as shown in Figure 13(c).

(a)

Figure 13 Tested devices: (a) Back-lighted image close-up, (b) Inkjet printed series, (¢) Pt-WO3 covered sample.

In order to compare their performance with a silicon micro-machined buried-heater WO3 sensor
fabricated using AA-CVD [16], devices were tested against Ho, at heater power consumption of

14.87 mW/mm?, with very good results. Tests were carried out in a Teflon and stainless steel chamber,
the volume of which was 20 cm®. Through the inlet it was injected a continuous flow of 200 sccm. The
carrier was synthetic air at 10% RH. The desired concentrations of H> were obtained through the use of
calibrated gas bottles and two computer driven mass flow controllers from Bronkhorst High-Tech B.V.
(NL). In case any other target gas should be tested, as shown in the selectivity study provided in the
supported information, it results quick and easy just to change the calibrated bottle to one of that new gas
target. This system is even fitted to measure gas mixtures by simply connecting a second calibrated bottle
to the third mass flow controller which is included.

Figure 14.a shows the response curve to different hydrogen concentrations. Response was defined as the
ratio Ig/lo, where lo is the current flowing through the gas sensitive film when exposed to reference air,
while Ig is the current when the sensor is exposed to a given concentration of hydrogen diluted in air.
Figure 14.b shows the dynamic response of the current for successive response and recovery cycles of
increasing hydrogen concentrations. While Figure 14.a shows that a remarkable sensitivity to hydrogen
was obtained, Figure 14.b demonstrates the reversibility of the detection and good baseline stability of the
sensors. These results compare well with the performance obtained with equivalent gas sensing materials
grown on MEMS silicon transducers. Further details on sensor selectivity and temperature dependence
can be found in supporting information (Supporting information: 2. Sensor response to different
conditions pp 2).
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Figure 14 (a) Evolution of sensor response (and associated error bars) as a function of H, concentration.



(b) Current flowing through the gas sensitive film when sensor is exposed to pulses (gray lines, 10 min.) of
increasing concentration of H,. The baseline current is recovered by blowing the sensor with dry air (30 min.).

4. Conclusions

A new planar architecture has been proposed for heated gas sensors. The new approach uses one of the
sensing electrodes simultaneously as heating element. In contrast with standard topologies using
independent heater and electrodes, this approach results in the following benefits for printed metal-oxide
sensors: reducing the consumption of expensive metallic inks, decreasing of the substrate area needed for
the transducer in a planar configuration, and, in comparison to a stack configuration, it avoids the
constraint of printing robust inter-dielectric layer. The operation of the new topology has been simulated
(FEM) with Comsol Multiphysics and the developed model has been experimentally validated. To
demonstrate the operation of the architecture for gas sensing, a set of electrodes have been inkjet-printed
and coated by the in-situ growth via AA-CVD of an active layer consisting of nanoparticle decorated
WOs3 nanowires. The resulting devices have been characterized as Hz sensors and results were completely
satisfactory, being comparable to those obtained on standard silicon micromachined transducers. The
proposed planar architecture has been proven to work as an efficient strategy to simplify the
manufacturing of metal oxide gas sensors on polymeric foil, but could be applied also to metal-oxide gas
sensors made on the traditional ceramic and silicon substrates. We are now considering printing
techniques with a higher resolution to reduce the footprint of the transducer and therefore reduced
significantly its power consumption.
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