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Abstract

This paper explores recent advances in the development of resistive gas sensors through microstruc-
tural innovation and, building on this foundation, designs an integrated optoelectronics training
module for undergraduates, with an emphasis on cultivating creative thinking and practical re-
search skills. The module takes resistive gas sensors featuring microstructural innovations as its
central subject of study. Students are introduced to characterization techniques for basic material
properties using optical microscopy, scanning electron microscopy, Raman spectroscopy, and X-ray
diffraction. With the aid of a combined gas- and humidity-sensing test system, they collect sensor
response data for ethanol and carry out an in-depth analysis of the mechanisms responsible for
performance improvement. Grounded in the instructors’ research achievements, this teaching
practice adopts a guided inquiry-based learning model that enables students to independently com-
plete the entire process of device fabrication, performance testing, and result analysis. It effectively
promotes the deep translation of research outcomes into undergraduate teaching and significantly
enhances students’ understanding of the principles, fabrication processes, and applications of re-
sistive gas sensors.
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Figure 1. Schematic diagram of resistance change in an N-type semiconductor upon gas adsorption [5]
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Figure 2. Schematic diagrams of selected room-/near-room-temperature gas-sensing
materials based on oxide nanostructures [6]
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Figure 3. Fabrication process of ZnO/FeS nanocomposite gas sensors
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Figure 4. (a) Optical image and its 3D image, (b) SEM images, (c) XRD pattern and (d) Raman spectrum of ZnO/FeS nano-
composite gas sensors
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Figure 5. Gas-humidity sensing detection system
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Figure 6. Responses of ZnO/FeS nanocomposite gas sensors to 50 ppm ethanol: (a) —1.1 V and (b) —1.15 V
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Figure 7. Responses of ZnO/FeS nanocomposite gas sensors: (a) to 2~50 ppm ethanol and (b) its
corresponding fitting curve; (c) to 200~1000 ppb ethanol and (d) its corresponding fitting curve
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Figure 8. Schematic illustration of the mechanism for performance enhance-
ment in gas sensors via metal modification [ 18]
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