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Design, fabrication and sensing application of hierarchical microstructures

based on micro/nano fibers

LUO Jingzhi, JIN Yu'an’', KONG Haoyu, LI Guangyong , ZHANG Minghua , DU Jianke
(Intelligent Structures and Piezoelectric Devices Laboratory, School of Mechanical Engineering and Mechanics,

Ningbo University, Ningbo 315211, China)

Abstract: Microstructuring is one of the important techniques to improve the performance of flexible pressure
sensors. In this paper, a method for designing and fabricating hierarchical microstructures based on micro/nano
fibers was proposed. First, a sacrificial mold with hierarchical microstructures was prepared by integrating near-
field direct writing and fused deposition modeling. Carbon nanotubes (CNTs) were doped into polydimethylsilox-
ane (PDMS) as the dielectric layer material for the flexible sensor. The CNTs/PDMS flexible dielectric layer with
hierarchical microstructures was then prepared by sacrificial template method. Furthermore, the effect of design
parameters of hierarchical microstructures on the sensing performance was studied. The experimental results show
that the designed microstructures can significantly enhance the output electrical performance of the flexible sensor.
Among them, the hierarchical microstructure with a height of 1.3 mm and a spacing of 1.5 mm exhibits the best out-
put electrical performance under a pressure load of 14 N at a frequency of 3 Hz. In addition, the fabricated sensor
exhibits good stability and durability after 20 000 cycles of testing. Finally, a flexible pressure sensing insole was

designed for observing the distribution of foot pressure and gait detection, which demonstrates good sensitivity and
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stability. This study provides a new approach for low-cost and rapid fabrication of hierarchical microstructures and

serves as a reference for the development of high-performance flexible pressure sensors.

Keywords: multi-scale integrated fabrication; micro/nano fibers; hierarchical microstructure; self-powered;

flexible pressure sensor; CNT
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Fig.1 (a) Composition of vertical contact separation-type triboelectric nanogenerator (TENG) structure; (b) Diagram of sensing principle;

(c) Stress cloud of dielectric layer with microstructures
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Fig.4 (a) Coarse fiber pattern with height of 0.15 mm; (b) Pattern of combined fiber with height of 0.15 mm; (c) Coarse fiber pattern with height of

1.30 mm; (d) Pattern of combined fiber with height of 1.30 mm and spacing of 2.50 mm; (e) Pattern of combined fiber with height of 1.30 mm and

spacing of 2.00 mm; (f) Pattern of combined fiber with height of 1.30 mm and spacing of 1.50 mm; (g) SEM images of microstructure morphology
in the cross-section of CNTs/PDMS thin film; (h) Tensile and bending test
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Table1 Performance comparison between hierarchical microstructured CNTs/PDMS sensors and other similar
pressure sensors

Key material Sensitivity Open-circuit voltage/V Short-circuit current/uA Cycle Ref.
CNT/PDMS 0.5V/kPa 4.0 3.0 10 000 [28]
CNT/PDMS 0.122 V/kPa 31 — 10 000 [35]
CNT/PDMS — 42 1.6 — [36]
Polyacrylamide (PAAm)-LiCl 0.013 V/kPa 4.0 1.5 5000 [37]
Fluorinated ethylene propylene (FEP) 0.04 V/kPa 15 — 10 000 [38]
PDMS — 16.2 0.512 — [30]
CNTs/PDMS 0.437 V/kPa, 0.015 uA/kPa 50.8 1.85 20 000 This work
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Fig. 10 Plantar pressure distribution and gait detection of microstructured sensor unit: (a) Schematic diagram of sensor unit distribution; (b) Photo of

negative friction surface; (c) Contact phase; (d) Support phase; (e) Swing phase
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