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Hydrogen (H2) will play an important role in future energy systems, but its
widespread adoption is hindered by safety concerns stemming from its high
diffusivity, broad explosive range, and low ignition energy. To address these
issues, simple, scalable, and inexpensive H, sensors that operate at low
temperatures are required. Metal oxide gas sensors, e.g., based on tin oxide
(SnOy), are established for H, sensing but still require further improvements to
enable low-temperature operation without noble-metal functionalization.
Targeted enhancement of structural and chemical defects offers a potential
pathway to improve the performance of pristine metal oxides. In this work, we
present a comprehensive investigation of defect engineering of ultra-thin SnOy
films grown by atomic layer deposition (ALD), a deposition method that enables
facile scalability and excellent thickness control for H, gas sensing applications.

By combining in-situ X-ray photoelectron spectroscopy (XPS) and operando
spectroscopic ellipsometry, we have correlated the evolution of surface
chemistry and film thickness with defect concentration. Sample morphology is
assessed using inelastic peak shape analysis with the QUASES software,
showing excellent agreement with ellipsometry measurements. We also
introduce a straightforward linear combination approach for determining the Sn
cation oxidation state based on analysis of the Sn MNN Auger line (FIG. 1a, b).
Interestingly, the highest amount of defect-related Sn?* species is observed for
samples prepared with a highly oxidizing co-reactant, and is associated with the
incorporation of precursor-related impurities into the film. Correlating near-
ambient-pressure XPS and functional sensor test measurements demonstrates
room-temperature H; sensing with ultra-thin SnOy films (FIG. 1c) and reveals a
distinct relationship between defect concentration and enhanced sensor
performance. Overall, Sn MNN line-shape analysis provides a depth probe
comparable to the Debye length of SnOy (i.e., the length scale relevant for
ultrasensitive gas sensing), offers complementary insights to the established
Wagner plot, and avoids issues arising from the interpretation of Sn 3d spectra
of close-to-amorphous SnO,. These results highlight the potential of defect
engineering to enhance sensor performance and showcase how in-depth Auger
line-shape analysis enables the correlation of surface chemistry with sensor
performance.
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FIG. 1 Fits of Sn MNN Auger spectra of ALD-SnOy grown with a) O3 and b) H,O
as co-reactant on Si substrates. c) Response of 10 nm ALD-SnOx grown with
Os on interdigitated electrodes against 3 vol. % H at different temperatures.



