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Abstract
With rapid industrial development, a large amount of waste gases has been produced, causing severe

industrial disasters and human health problems. In order to avoid gas—related accidents and prevent potential
health issues, the detection and monitoring of hazardous gases is essential. In order to effectively detect
harmful gases, semiconductor gas sensors have gained increasing attention due to their high sensitivity, small
size, cost—effectiveness and ease of manufacturing. This article reviews metal oxide—based semiconductor
gas sensors. Firstly, features of metal oxide—based semiconductor gas sensors including major advantages
and limitations are discussed. Then, the operating mechanism of semiconductor gas sensors are discussed
with a list of widely studied metal oxides. Finally, the semiconductor gas sensors made of four different metal
oxides — i) tin oxide (SnOy), ii) indium oxide (InOs), iii) zinc oxide (ZnO), and iv) tungsten trioxide (WO3) — are
discussed from the aspects of current challenges, recent research strategies and future perspectives.,
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Fig. 1. An overview of the applications of metal oxide—based gas sensors.
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Fig. 2. a. Schematic diagram for the gas sensing mechanism of n— and p—type metal oxide, b. typical response—recovery curve of a
gas sensor, ¢. response—recovery curve under different gas concentration, and d. calculated theoretical detection limit
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Fig. 3. Studies on n— and p—type metal oxide semiconductor gas sensor (Web of Science search result, March 2022)
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Fig. 4. a. Schematic of the synthesis of SnO2 nanosheets on the sensor chip, b. responses of all nanosheet samples toward
acetone at various temperatures and concentrations, ¢. dynamic response of all nanosheet samples at 1 ppm of acetone
at the optimal working temperature, d. response of NS—6 from 200 to 1000 ppb, e. responses of NS—6 for 1000 ppb of
acetone, acetaldehyde, isoprene, xylene, toluene, and ammonia, and f. schematic of the expected reaction plane on SnO2
nanosheets with dimensions, Reprinted with permission from [12], Copyright (2020) American Chemical Society.
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Copyright (2019) American Chemical Society.
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Fig. 11. a. Schematic displaying the various steps involved in preparation of MoS,/WO; composite and data acquisition, b.
relative response of two—terminal devices made from MoS,, WOs, and MoS,/WOs (1:1) composite, c. selectivity test of the
MoS,/WO; composite based sensor, d. variation in resistance of the MoS,/WOjs (1:1) composite sensor to various ammonia
concentrations at 200 C, e. relative response versus ammonia concentration, and f. sensor response variation with
humidity for 100 ppm of ammonia, Reprinted with permission from [26], Copyright (2019) American Chemical Society.
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3.5 MEMS—based approaches: Sensor arrays
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Fig. 12. a. Schematic illustration of the photoactivated gas sensors on a micro—LED platform with optical microscopic image of a
turned—on device and SEM image of synthesized zinc oxide nanowires, b. responses of photoactivated gas sensors to
1 ppm NO. gas under different input electrical powers, c. NO. sensing performance of the photoactivated gas sensor, d.
calibration graph of normalized sensor response to NO, concentrations, e. humidity interference test under 30 and 60%
relative humidity and 1 ppm NO, gas, and f. gas selectivity test to 1 ppm NO,, 160 ppm CO, 3.2% H,, and 10 ppm H,S,
Reprinted with permission from [28], Copyright (2020) American Chemical Society.
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