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Abstract: Oxide semiconductor gas sensors are widely used for detecting toxic, explosive, and flammable gases due to their

simple structure, cost-effectiveness, and potential integration into compact devices. However, their reliable gas detection is

hindered by a longstanding issue known as humidity dependence, wherein the sensor resistance and gas response change

significantly in the presence of moisture. This problem has persisted since the inception of oxide semiconductor gas sensors in

the 1960s. This paper explores the root causes of humidity dependence in oxide semiconductor gas sensors and presents strategies

to address this challenge. Mitigation strategies include functionalizing the gas-sensing material with noble metal/transition metal

oxides and rare-earth/rare-earth oxides, as well as implementing a moisture barrier layer to prevent moisture diffusion into the

gas-sensing film. Developing oxide semiconductor gas sensors immune to humidity dependence is expected to yield substantial

socioeconomic benefits by enabling medical diagnosis, food quality assessment, environmental monitoring, and sensor network

establishment.

Keywords: Gas sensor, Oxide semiconductor, Moisture absorbent, Regenerative sensing surface, Moisture barrier layer,

Humidity dependence mitigation
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Fig. 1. Humidity dependence of oxide semiconductor gas sensor (the
sensor resistance in air and the gas response decrease significantly
once the sensor is exposed to excess moisture).
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Fig. 2. (a) Gas responses of SnOz and 0.7% Pd-SnOz sensors to 600 ppm of CO and Hz at 300°C under different H.O concentrations, (b-c)
dependence of the electric resistance of SnOz and 0.7% Pd-SnO> sensors on the Po."* at 300°C under dry (b) and 4 vol% H2O (c), and (d)
schematic of the gas-sensing model of neat SnO2 and Pd-loaded SnO> under humid conditions (reprinted with permission from Ref. [24].

Copyright 2015, American Chemical Society).
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Fig. 3. (a-d) Resistance changes of pure SnOz (a-b) and 0.64NiO-
SnOz (c-d) hierarchical spheres under dry (a, ¢) and RH 25% (b, d)
conditions to 50 ppm CO at 400°C. (e) DRIFT absorbance spectra of
pure SnO2 and NiO-SnOz hierarchical spheres during 1 h of RH 25%
exposure at 300°C (reprinted with permission from Ref. [27].
Copyright 2011, Wiley).
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Fig. 4. (a) Resistance changes of (a1) pure, (a2) 1.04, (a3) 2.33, (as) 4.97, (as) 11.7, (as), 22.4, and (a7) 39.9 Ce-In20; hollow spheres to 20 ppm
acetone at 450°C under dry and humid conditions (RH 20%, 50%, and 80%) and (b) illustrations of the self-refreshing of In.O; sensing surface
by CeOz nanoclusters; (bi) water vapor inflow, (bz2) chemisorption, (bs) desorption, and (bs) oxygen ion regeneration (reprinted with permission
from Ref. [31]. Copyright 2016, Wiley).
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Fig. 5. (a) Resistance changes of the pure SnOz and 15Tb-SnO:> sensors to 20 ppm acetone at 450°C under dry and humid conditions (RH =
20, 50, and 80%) (reprinted with permission from Ref. [32]. Copyright 2018, American Chemical Society), (b) resistance changes of the pure
In20s5 and 12Pr-In2Os macroporous spheres to 20 ppm acetone at 450°C and under dry and humid (RH = 80%) conditions (reprinted with
permission from Ref. [33]. Copyright 2019, American Chemical Society), (¢) resistance changes of pure SnO2 (c1) and Y5-SnOz (c2) to 10 ppm
NOz at 200°C under dry and humid conditions (RH = 17, 52, and 82%), (d) water repellency of SnO2 and Y5-SnOz, and (e) optimized (110)
slab structures for H2O adsorption in pure SnOz (e1) and Y-SnOz (e2) (reprinted with permission from Ref. [35]. Copyright 2022, Elsevier).
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