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Abstract

For precision instruments and industrial equipment requiring environmental adaptability, humidity
is a critical parameter affecting long-term performance and reliability. Humidity sensors featuring
high accuracy, wide measurement range, rapid response, and long-term stability are essential for en-
suring signal quality, enabling internal microenvironment monitoring, and protecting core compo-
nents. Resistive humidity sensors, leveraging advantages such as diverse sensitive materials, strong
process compatibility, and ease of integration with readout circuits, find extensive applications in
industrial analysis, medical monitoring, and portable instrument systems. From a device perspective,
this systematic review covers the working principles, material systems, structural designs, and fab-
rication processes of resistive humidity sensors, emphasizing the interrelated mechanisms between
“structure, process, and performance”. The paper systematically categorizes electrode structures
(comb, interdigitated, micro/nano electrodes), substrate selections (ceramic, silicon, flexible sub-
strates), humidity-sensitive film architectures (porous, nanocomposite, gradient structures), and typ-
ical fabrication techniques (PVD, sol-gel, printing, MEMS microfabrication). It further analyzes their
engineering applications based on instrumentation requirements. Finally, it summarizes current
technical challenges and outlines future development trends, aiming to provide technical guidance
for selecting, integrating, and applying novel resistive humidity sensors in instrumentation. The paper
specifically compares bonding processes for different sensing materials on flexible substrates and
their impact on sensor hysteresis and sensitivity, while also projecting future directions toward mul-
tifunctional integration.
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Figure 1. Schematic diagram of the Grotthuss proton conduction mechanism
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Table 1. Performance comparison of different material systems for resistive humidity sensors.
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Figure 2. Three-dimensional porous structure
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Figure 4. Screen printing process
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Figure 5. Laser-induced detection and micro/nano fabrication
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Table 2. Comparison of key performance requirements and selection criteria for resistive humidity sensors in different instrument
and equipment application scenarios
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