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Fabrication and performance characterization of a scorpion comb-
inspired flexible pressure sensor based on MWCNTs/PDMS

CHEN Zhaoyang s DU Mengsheng » J IA Boyu ,ZHANG Huiqing
(1. School of Science, Xi'an University of Architecture and Technology, Xi'an 710055, China;
2. Institute of Flexible Electronics, Northwestern Polytechnical University, Xi'an 710129, China)

Abstract: Traditional rigid sensors lack portability and flexibility while existing flexible pressure
sensors generally suffer from complex fabrication processes, high costs, and failure to simultaneously
achieve a wide detection range and high sensitivity. To address these issues, this study aimed to realize the
synergistic optimization of wide detection range and high sensitivity for flexible pressure sensors. It
fabricated a high-performance bionic flexible piezoresistive pressure sensor using a design integrating a
bionic scorpion pectine structure and root diameter reduction, with multi-walled carbon nanotubes
(MWCNTSs) /polydimethylsiloxane (PDMS) composite as the conductive layer. Field emission scanning
electron microscopy was used to systematically characterize the surface morphologies of scorpion pectines
and the sensor. ABAQUS was employed to verify the rationality and superiority of the bionic structure,
and the sensor’s sensing performances including sensitivity, response time, detection range and durability

were tested through experiments. Results show that MWCNTs disperse uniformly in the PDMS matrix.
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The bionic structure exhibits significant stress concentration effect. The sensor achieves a high sensitivity

of 2.755 kPa ' over a wide detection range of 4. 73 Pa to 790 kPa, with a response time as low as 170 ms.

It also demonstrates excellent performance in monitoring human physiological signals. This study provides

a new bionic approach for the structural design of the dielectric layer in flexible pressure sensors.

Key words: flexible pressure sensor; bionic structure; scorpion pectine; high sensitivity; wide range;

health monitoring
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