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Design, fabrication and performance of flexible pressure sensors

based on microstructures

JIN Fan', LV Dawu® , ZHANG Tiancheng' , SHEN Wenfeng?, LI Jia*, TAN Ruigin™
(1. Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China;

2. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: With the rapid development of science and technology, electronic skin and flexible wearable devices

have attracted wide attention because of their important applications in human motion, health monitoring, intelli-

gent robots and other fields. The traditional pressure sensors based on noble metal or metal oxide semiconductor

have high cost or poor flexibility, while the flexible pressure sensors based on microstructures have the advantages

of high sensitivity, wide strain range, low cost, low power consumption and fast response, which play an important

role in electronic skin and flexible wearable devices and have become one of the main research hotspots of materi-

als and devices in flexible electronics. This review systematically summarizes the important progress made in the

material selection, structural design, preparation methods and sensing performance of flexible pressure sensors

based on different flexible substrate microstructures such as pyramid, microsphere, micro-column, bionic struc-

ture and fold and porous conductive polymer materials. Finally, the future development of flexible pressure sensors

is prospected.

Keywords: wearable device; flexible pressure sensor; conductive polymer; functional nanocomposite; micro-

structure
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Fig.1 Promising applications of the flexible pressure sensor:
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Fig.2 Schematic diagram of pressure sensor transduction methods
((a) Piezoresistive; (b) Capacitive; (c) Piezoelectric)
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Table 1 Comparison of piezoresistive, capacitive and piezoelectric flexible pressure sensors

Type Working principle  Sensitivity Advantages Disadvantages
. L Low cost, simple design and
P . AR/R, . . . . . .
S:lzsziesmtlve Resistive change S = S(AR/Ro) operation, easily detectable signals Nonlinearity and hysteresis
op and high sensitivity
. i 6(AC/Cy) Fast response, high accuracy, high H.lgh .COSt' ct?mphcated detection
Capacitive sensor Capacitive change §=——""—= s : circuit, nonlinear output and low
S§P sensitivity and low hysteresis .
load capacity
Piezoelectricity Electric current Piezoelectric effect Wide fr‘equency bapd, fast response High cost, complicated operation
sensor change and reliable operation

Notes: S—Sensitivity; AR—Change in resistance; R,—Initial resistance value of the sensor when it is not under pressure; P—Pressure per

unit area of the sensor; AC—Change in capacitance; Cy—Initial capacitance value in the unstressed state.
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Fig.3 Schematic illustration for the fabrication of micropatterned Si mould and flexible microstructured AgNWs/PDMS composite dielectric film (a),

architecture of the flexible capacitive pressure sensor (b), sensitivity curves of the pressure sensor with different types of dielectric layer

under applied pressure (c), and transient response of sensor to placing and taking out a small sheet of paper (d)*”
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Fig.4 Schematic diagram of fabrication process of interlocking micro-column array flexible pressure sensor (a), real-time response curve of sensor under

100 Pa external pressure (b), sensitivity curves of sensors with different micro-column array HAR values (c), and

response curve of relative resistance change of the sensor under different pressures (d)"
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Fig.5 Schematic diagram of pressure sensor with adjustable pressure resistance made of polystyrene microsphere structure (a); Comparasion of the

pressure sensitivity for three different sensor structures (b); Current-voltage (I-V) curve of pressure sensor under different applied pressures (c)*"!
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Fig.6 Fabrication process of imitation lotus leaf micro-structure (a)®, fabrication process of imitation ginkgo leaf micro-structure (b)®'and

fabrication process of imitation mimosa leaflets micro-structure (c)®*!
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Fig.7 Schematic diagram of flexible pressure sensor with folded structure based on MXene material (a)"*;

Schematic diagram of flexible pressure sensor based on SWCNTs/GFs/TPU composite film (b)!*"

&k B, G, Ding 2578 R AR TR = B4 F£ HL7E 1000 VARG R f 2 A R4 19 P

Jiie (MS) ¥ 45 32 A PEDOT:PSS i Wi il 45 1 1 I Dong 55 PV 4 Wy T — il 3L 43 J2 445 44 ¥fg 4 R
1k H. ] JE 45 i PEDOT:PSS @MS (I4 8), Jf-4H % %%E%U@MEE%%E%%%Eﬁ%@%O
TRt . v EE W Z IR LIRS . %G W, HA R A0 R4 5 4 vGO Al — 4k
JERARAE N P R 1k 80% W, I KR4 N /)4 37.6kPa, AgNWsEI’Jﬂ: RN PR S R 4 [RlE, PDA HIE

Packaging



& LA ZE TSR IR 2 AR vt il R ke

- 3143 -

Cutting

e

PEDOT: PS

Melamine sponge
(MS)

(b)

Compress

B ——

Y\

PEDOT: PSS@MS

PEDOT: PSS@MS
(compressed)

S@Ms

& 8 iR iR T 2044 PEDOT:PSS I = REMHAI/REE (2) . JE4i5{F T PEDOT:PSS@MS (W& fb R (b) il
PEDOT:PSS@MS #1/E4i F ) PEDOT:PSS@MS () SEM [E{% (c)®"

Fig.8 Schematic diagram of PEDOT:PSS coated melamine sponge prepared by dip coating process (a), schematic diagram of structural change of
PEDOT:PSS@MS under compression (b), and SEM images of PEDOT:PSS@MS and PEDOT:PSS@MS$ under compression (c)*”
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Fig. 10 Schematic diagram of flexible pressure sensor based on foam graphene (a), change of relative resistance of sensor when pressure is applied (b),

change of relative resistance of sensor when the same pressure is applied (c), and change of relative resistance of sensor when people walk and jump (d)"
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