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Summary:

The influence of deposition technique and film thickness on SnO, chemoresistive sensors for NO, de-
tection was investigated. Films were fabricated by screen-printing, drop-casting, and spin-coating,
achieving thicknesses from ~380 nm to 30 ym. Thin spin-coated films enabled detection down to 0.2
ppm without saturation up to 10 ppm, while thick films showed early saturation due to diffusion limita-
tions. The best device reached a response of 186 with high stability and repeatability. These results
demonstrate that thickness control is a key parameter for optimizing gas sensor performance.
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Introduction

Chemoresistive gas sensors based on
semiconducting metal oxides have been widely
studied due to their high sensitivity, low cost, and
simple device architecture [1]. Among these ma-
terials, SnO, stands out as one of the most
widely used sensing layers for NO, detection,
owing to its favorable electronic and surface
properties. However, sensor performance is not
determined solely by the intrinsic characteristics
of the material. Processing parameters, particu-
larly the deposition technique and resulting film
thickness, play a critical role in defining film mi-
crostructure, gas diffusion pathways, and charge
transport mechanisms, thereby directly impact-
ing sensing behavior [2].

In this work, the influence of different deposition
methods on the functional performance of SnO,-
based chemoresistive sensors is systematically
investigated to establish structure—performance
relationships governing gas sensing behavior.
Films are fabricated using screen-printing, drop-
casting, and spin-coating, enabling the produc-
tion of sensing layers with a wide range of thick-
nesses and morphologies. The relationship be-
tween deposition technique, film architecture,
and gas-sensing performance is evaluated
through NO, detection tests, with emphasis on
sensitivity, detection limit, stability, and repeata-
bility.
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Methodology

SnO, sensing films were fabricated from com-
mercial nanopowder (<100 nm) using screen-
printing, drop-casting, and spin-coating. For
screen-printing, pastes were prepared with pro-
pylene glycol at 20—35 wt%. Drop-casting disper-
sions were prepared at 20 mg.mL™" in isopropa-
nol. Spin-coating was performed using a Laurell
WS-400B-6NPP/LITE system, depositing 25 pL
per cycle at 2000 rpm for 10 s, producing films
with 10—-40 layers and intermediate drying at 70
°C for 3 min. All devices were thermally treated
at 400 °C for 2 h after deposition to remove or-
ganic residues and promote film calcination.

The thickness of screen-printed and drop-cast
films was determined by cross-sectional analysis
via controlled substrate fracture, followed by
SEM-FEG (JEOL JSM-IT500HR). Multiple re-
gions were analyzed to obtain representative av-
erage thickness values. For spin-coated films,
thickness was measured using focused ion
beam (FIB, FEI Helios NanoLab 600i) after dep-
osition of protective platinum layers and cross-
section milling.

Electrical characterization was performed in a
controlled stainless steel chamber, with re-
sistance monitored using a Keysight DAQ970A
system. Heating (100-300 °C) was controlled via
a PID system with a PT100 sensor and a
Sorensen DLM 40-15 power supply. Gas flow
(200 sccm) was regulated by MKS controllers

390



DOI 10.5162/eurosensors2026/Mo-CHS-05

with dry air as baseline. Sensors were exposed
to NO; (0.2—10 ppm) using 20 min exposure and
60 min recovery cycles. Stability and drift were
evaluated under continuous exposure (1-10
ppm, 2 h per step), while reproducibility was as-
sessed over 20 cycles at 4 ppm. Response time
and relative standard deviation (RSD) were cal-
culated from cyclic measurements at 4 ppm,
while stability was further evaluated through
RSD and temporal drift rate at the same concen-
tration.

Results

Screen-printed films exhibited average thick-
nesses ranging from 14 to 30 ym. These sensors
showed a detection limit of 0.4 ppm; however,
signal saturation was observed from 2 ppm on-
ward. This behavior is attributed to the large film
thickness, which likely hinders gas diffusion and
limits effective charge transfer within the sensing
layer.

In contrast, spin-coated films presented signifi-
cantly lower thicknesses, ranging from ~380 nm
(10 layers) to ~900 nm (40 layers). These de-
vices enabled detection down to 0.2 ppm and did
not exhibit saturation up to 10 ppm, indicating im-
proved gas diffusion and more efficient surface
interaction.

Among the investigated techniques, the best
performance was achieved with the 40-layer
spin-coated film, which exhibited a response of
186 at 10 ppm of NO,. Repeatability tests over
20 cycles showed a RSD of 3.54% and a re-
sponse time of 340 s. Stability tests at 4 ppm re-
vealed low signal fluctuation, with an RSD of
1.4% and a drift rate of 4.30% h™" during contin-
uouUS exposure.

1500

—=— 10 layers
1——20layers
1200 | —&— 30 layers
—v— 40 layers
] Temperature: 175 °C
900 5

600 5

Sig“al (Rgasmair)

300 5

T T T T
0 2 4 6 8 10

Concentration (ppm)

Fig. 1. Detection response of SnO, sensors fabricated
by spin-coating under NO, exposure.
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Fig. 2. Electrical stability of the SnO, sensor during 2
h of continuous NO, exposure.
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Fig. 3. Repeatability assessment of the SnO,-based
sensor over 20 consecutive exposure/recovery cycles
to NO; at 4 ppm.

Overall, thinner films demonstrated enhanced
sensitivity, improved stability, and more con-
sistent signal profiles, highlighting the critical role
of deposition technique and thickness control in
optimizing the performance of SnO, chemoresis-
tive sensors for NO, detection [3].
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