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Fig. 1. (a) Conduction band and valence band in silicon along [111] and [100] k-directions®; (b) Evolution of the resistivity of

CsAuBry at 27 °C in a pressure range up to 45 GPaP); (c) the graphene sheet is uniformly stretched or compressed along a pre-

scribed direction); (d) schematic illustration of decrease in resistivity by pressing a conductive polymer compositel*”]; (e) different

electrical interconnections between two adjacent NWsl43l,
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Fig. 2. Change based on interface contact resistance: (a) Schematic diagram of a bulk electrical interfacel™; (b) working mechanism

of pressure sensor of electrode-active layer contact type™); (c) PEI-CNT coated non-conductive fibers under applied pressure show-

ing the proposed sensing mechanism/(®!,
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Fig. 3. Overview of flexible piezoresistive pressure sensor active layer materials, microstructure types and application. The compon-

ents of the active layer materials of flexible piezoresistive pressure sensors include carbon nanomaterials®, metal materials6', con-

ductive polymers(®, insulating elastomers!®!; The microstructure types of flexibility piezoresistive pressure sensor include single mi-

crostructure (such as pyramid structurel®™), composite microstructure (such as porous pyramid structurel®) interlocking

structurel®!) and 3D porous structurel®; and the application of flexible piezoresistive pressure sensor: electronic skin” and health

monitoring[®sl.
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Fig. 4. Typical active layer materials for flexible piezoresistive pressure sensors: (a), (b) Sea urchin-like metal-based nanoparticles

and elastomers are used in the preparation of flexible piezoresistive pressure sensorsi®!; (c), (d) carbon-based material(CNTs) used

in the preparation of flexible piezoresistive pressure sensors!®!; (e), (f) carbon-based material(MXene) used in the preparation of flex-

ible piezoresistive pressure sensors®); (g), (h) conductive polymer(PEDOT:PSS) applied to the preparation of flexible piezoresistive

pressure sensor!!15:116],
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Fig. 6. (a) Schematic showing the working principle of the electronic skin. The external pressure concentrates stress at the contact
spots, deforming the microdomes, which in turn causes an increase in the contact area and the tunneling currents*®; (b) the com-
parison of pressure sensitivities of different sensor structures for 8 wt%: planar (black), microdome (red), and interlocked micro-
dome (blue)*; (c) schematic illustration of the TizCy/NMC biocomposite film-based flexible sensors with interlocked structurel!?0);
(d) relative current change of TizCy/NMC flexible sensor in response to various angle bending!®"; (e) image of the individual struc-
ture of hierarchically structured graphene/PDMS Array, and schematic illustration of sensor assembly and operating principle of the
pressure sensor®; (f) schematic of contact resistance-based pressure sensor based on PPy-grafted porous pyramid dielectric layer(®;
(g) relative change in current versus pressure ofthe contact resistance-based pressure sensor based on PPy-grafted porous pyramid

dielectric layer and solid pyramid dielectric layer®.
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Fig. 7. (a) Fabrication process of hollow-structured graphene compositel®™; (b) schematic illustration of fabrication procedure of

MXene-spongel'?”; (c) stability performance of the pressure sensor with loading-unloading 10000 cycles!'>”; (d) illustrations for the

preparation of sparkling graphene block!'?¥; (e) pressure-response curve for the sparkling graphene block!!2%l.
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Fig. 8. (a) Design and assembly of piezoresistive sensors with bionic spinous microstructure, photograph of the array of MXene-

based piezoresistive sensor and detection of the corresponding pressure distributions, and photograph of the pressure sensor as-

sembled on a robot and detection of its response to the motion behaviorl”; (b) the signal responses in the form of current changes

come from finger bending, wrist bending, wrist pulse, throat swallowing!®”; (c)image of wireless health monitoring system applied

during the process of walking and running/?’.
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SPECIAL TOPIC—Flexible electronics
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Advances in flexible piezoresistive pressure sensor
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Abstract

In recent years, the flexible piezoresistive pressure sensor has attracted widespread attention due to the
trend of improved wearable electronics applied to the field of electronic skin, disease diagnosis, motion detection
and health monitoring. Here in this paper, the latest progress of the exploitation of flexible piezoresistive
pressure sensors is reviewed in terms of sensing mechanism, selection of sensing materials, structural design and
their advanced application. Firstly, the sensing mechanism of piezoresistive pressure sensors is generally
introduced from the band structure of semiconductor materials, seepage theory and tunneling effect of
conductive polymer composites and changes in interface contact resistance. Based on these sensing mechanisms,
various flexible piezoresistive pressure sensors with high sensitivity, broad sensing range and fast response time
have been developed. The selection of composition materials and microstructural design in flexible piezoresistive
pressure sensor to implement the optimization of sensing performance are emphatically presented in this review.
The composition materials including organic polymer material and inorganic nanomaterial based on two-
dimensional (2D) materials such as graphene and MXene are intensively exhibited. In addition to the above
characteristics, these kinds of pressure sensors exhibit high mechanical reversibility and low detection limit,
which is essential for detecting the minor motions like respiratory rate and pulse. Moreover, the well-designed
structures applied to the composition analysis are also overviewed, such as the sea urchin-like structure, spongy
porous structure and regular structure. Various designed structures provide further properties like stability for
the flexible pressure sensor. However, comparing with traditional pressure sensor, the mass production and
application of flexible pressure sensor are confronting several barriers, like the high cost of raw materials and
relatively complex manufacturing processes. How to achieve the low cost and low energy consumption
simultaneously on the basis of excellent performance is still a challenge to expanding the applications of flexible
pressure sensor. Novel sensing mechanism, functional materials and synthetic integration are expected to be
developed in the future. And also, the potential application of flexible pressure sensor will be further expanded

after endowing it with more functions.

Keywords: flexible piezoresistive pressure sensor, sensing mechanism, sensing application
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