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Summary:

Herein, a manufacturing method is presented capable to screen multiple materials on a platform chip
hosting 16 devices. This methodology relies on a dry printing process based on spark ablation that
enable the deposition of nanoporous layers (NPLs). Different metal oxides semiconductors (MOS) com-
positions in form of NPLs were printed and tested as a gas sensors upon formaldehyde exposure. The
focus of this work is not only on the sensing performance but also in the methods to accelerate the
sensing layer production of single sensing units or an array of chemical sensors.
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Introduction

Gas sensing technology based on metal oxide
semiconductors (MOS) needs to improve as-
pects related to the device selectivity [1], base-
line signal drift over time [2], and power con-
sumption [3]. Nanoengineering the sensing lay-
ers aroused as suitable approach to outperform
the current device MOS device performance [4].
Then, a dry printing technology using a nanopar-
ticle generator based on spark ablation is an at-
tractive solution to produce nanopourous layers
(NPLs) for gas sensor detection. Herein, 16
NPLs with different material compositions were
printed on a platform chip [5] that were exposed
towards formaldehyde gas molecules. The NPLs
were based on mixtures of MOS (SnOz, NiO, and
Zn0) and metal catalysts (Ag and Au). Formal-
dehyde molecules at the 0.1 ppm level were de-
tected with multiple NPLs. As a result, the pre-
sented methodology evidence the versatility and
simplicity to produce: 1- gas sensing layers, 2-
the screening possibility of multiple material
composition in the same platform chip, 3- Fast
production of an array of sensor or electronic
nose.

Experimental section

Spark ablation working principle relies on gener-
ating high-energy electrical sparks between two
bulk electrodes (metals or properly doped semi-
conductors) in a leak-tight chamber at atmos-
pheric pressure where a high pure gas is flown.

In short, the spark ionizes the gas and ablates
the material from the electrodes, creating a va-
porized material that rapidly cool down due to
temperature difference between the spark zone
and the surrounding environment [6]. If inert gas
is used as a carrier, the formed NPs preserve the
electrode (bulk) composition. Herein, up to three
spark ablation generator VSP-G1 (VSParticle
B.V.) were used to generate aerosols containing
the ablated material in form of NPs [7]. Sn, Ni,
Zn Au, and Ag (99.99 % purity) were used as
electrodes. Argon was used as a carrier gas with
a 1 liter/min flow. The spark power for each ele-
ment was varied to achieve different material
compositions (1.4 W- 13 W), for the catalyst con-
tent relatively low power conditions were consid-
ered to obtain a low catalyst contain in the aero-
sol mix (5 mol%<). Typically, Au ablation yield
(even at relatively low power spark conditions) is
higher than other base material [8]. Then, part of
generated aerosol coming from the Au generator
was removed (before the mixing aerosol zone)
connecting a mass flow controller and an exter-
nal pump. The generators were connected to a
programmable fully dry printing system, named
VSP-P1 (VSParticle B.V). NPLs were printed on
a multi-sensor platform [5] hosting 16 sensors
structures with a 4-probe configuration. The
multi-platform chip was loaded into a chamber
where the pressure is set at 0.15 mbar at room
temperature. A nozzle with a 100 ym diameter
orifice size was used and a throughput of 0.08
I/min. The substrate-nozzle distance was fixed at
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300 ym. A 500 pm long line was printed on the
sensing structure. The printing speed was set at
100 ym/s and the number of passes were varied
to targeta (5 £ 1) um NPL thickness. To stabilize
and fully oxide the NPLs, an annealing step was
performed 400°C flowing in synthetic in a tubular
furnace. For the gas sensing measurements, for-
maldehyde (ready-to-use mixture diluted in N2)
was introduced with stepwise concentrations of
0.1 ppm, 1 ppm and 10 ppm. Humidity level was
set to 50% at 20°C, and the sensors operating
temperature was 300°C. Sensor response was
defined as in previous work [9].

Results and Discussions

Fig. 1 summarizes the resistance variation of 8
NPLs based on different compositions upon for-
maldehyde exposure steps.
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Fig. 1. Dynamic sensing response of NPLs with dif-
ferent material compositions upon exposure to formal-
dehyde gas in the concetration range from 0.1-10 ppm
(Response value at each exposure are indicated).

The remaining 8 different NPLs compositions
are not displayed because the device re-
sistances were too high to measure with the
used equipment. The resistance increase/de-
crease for each NPL under the same target gas
is attributed to the p-type, n-type, p—n hetero-
junctions and the relative material compositions
of the junctions. Remarkably, all the NPLs com-
positions are sensitive to 0.1 ppm formaldehyde
gas molecules with relative high responses
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ranging from 6.1 % up to 51.8 % depending on
NPL composition. Furthermore, the sensor re-
sponse increases as the formaldehyde concen-
tration continuously is increased from 0.1 ppm
up to 10ppm (no device saturation was de-
tected).

Conclusions

Collectively, these results aim to dynamize the
community work on the gas sensing sector.
Firstly, showing that spark ablation coupled with
programmable dry printed method can be used
to produce high sensitive layers. Secondly, this
methodology can substantially accelerate the
material discovery to unlock new sensing layers
were the current MOS based gas sensor are not
capable to properly perform.
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