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Research Progress of Flexible Piezoresistive Sensors Prepared by
Solution—Based Processing

Wang, Yurou Wang, Guogqi Li, Xiang Yin, Jun® Zhu, Jian*
(School of Materials Science and Engineering, Nankai University, Tianjin 300350, China)

Abstract Flexible piezoresistive sensors have received great attention due to their simple structure, easy preparation, and
wide range of detection, and played an indispensable role in the field of wearable electronics. Solution-based processing has
emerged as one of the promising techniques for sensors with advantages of simple operation, mild reaction conditions,
wide-material choices, and large-scale fabrication. Furthermore, the mechanical and electrical performances of these sensors
have been continuously optimized by a range of approaches. In addition, it allows the patterning of large-area sensor arrays,
which expand their practical applications. In this review, an overview of the working mechanism and performance metrics of
piezoresistive sensors is provided with detailed explanations of their influences on real applications. Then, the materials used
for sensors preparation are introduced. Subsequently, the recent research progress of flexible piezoresistive sensors fabricated
by solution-based processing is summarized. Several important solution-based methods are compared to illustrate their ad-
vantages and challenges. This review is concluded with a prospect of future development in the field of flexible solu-

tion-processed sensors.
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Figure 1 Crack-based sensor inspired by the spider joints!!”. (a) Sche-
matic of the sensitive parts with the spider joint; (b) working principle; (c)
photographs and scanning electron microscope (SEM) images of the
crack-based sensor
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Figure 2 Schematics of the working principle for strain and pressure
sensors. (a) Schematic of VN/CNTs hybrid structure; (b) schematic of slip
VN/CNTs multilayer structure®; (c) schematic of working principle for
pressure sensors!?!
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Figure 3 The performance index of piezoresistive sensors. (a) Flexible
electronic devices can maintain good morphology under stretching!®’; (b)
the sensor is divided into different working ranges, corresponding to
different linearity and GFP®Y; (c) hysteresis curve of flexible sensor’®?; (d)
cycle stability of flexible sensor; (€) response time of flexible sensort®*);
(f, g) detection of object spatial configuration by sensor array'**
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Figure 5 One-dimensional and two-dimensional materials used in the
preparation of flexible sensors. (a) Schematic depiction of the SPIS sensor
fabrication process and working mechanism®®®; (b) structure and operat-
ing principle of MXene/BP-based pressure sensort®”!
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Figure 6 Conductive polymers and liquid metals used in the preparation
of flexible sensors. (a) Stretching mechanism and image of active-matrix
transistor strain sensor array®); (b) tilt sensor used in wearable body
condition sensor system!*)
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Figure 7 PINF/MXene aerogel piezoresistive sensor prepared by
co-blend*. (a) Schematic of the preparation process; (b) schematic of
working mechanism
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Figure 8 Schematic of CB/dPDMS composites structure and working
mechanism[*”, (a) Liquid-like property; sensing mechanism in initial state
(b) and reconstruction state (c); (d) self-repair mechanism; (e) recovery
mechanism
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Figure 9  Dual-function piezoresistive sensor prepared by spin-
coating®!). (a) Schematic of preparation process; schematic (b) and imag-
es (c) of the sensor; SEM images of surface (d) and cross section (e) for
the AgNPs thin layer
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Figure 10 Preparation of thickness-gradient piezoresistive sensor by
drop-casting®®?. (a) Preparation of SWCNTs film; (b) thickness of the
film; (c, d) micrographs of film surface; (e) the wrinkle wavelength of the
film surface; (f, g) stretchability and cycle stability; (h) GF
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Figure 11 Preparation of graphene-based piezoresistive sensor by
bar-coating!®®l. (a) Schematic of preparation process; (b) images of the
sensor stretched; (c) images of the sensor attached conformally; (d) the
microscope image; the resistance change rate (e) and GF (f) as a function
of applied strain
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Figure 12 Preparation of piezoresistive sensor by spray-coating!>¥.. (a)
Schematic of preparation process; (b) in-situ cross-sectional SEM images
and microstructure diagrams under different pressure; (c) current change
rate as a function of pressure; (d) the response and recovery time; (e)
cycle stability
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Figure 13  Preparation of piezoresistive flexible sensor based on elec-
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Figure 15 Preparation of piezoresistive flexible sensor by DIW!I™. (a)
Image and schematic of PDMS network printed by DIW; (b) schematic of
AgNPs were reduced
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Figure 16 Preparation of piezoresistive flexible sensor by DIW!!. (a)
Schematic of DIW device; (b) working mechanism of sensor
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Figure 17 Preparation of piezoresistive flexible sensors by electroless
deposition®, (a) Schematic of the preparation process; (b) SEM images;
(c) resistance change rate as a function of applied strain; (d, e) schematic
of the structural change under stretching
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Figure 18 Preparation of pressure-based piezoresistive flexible sensors
by electrostatic spinning!®"). (a) Structure diagram of AgNWs/GR/PANFs
nano-network; (b) images of AgNWs/GR/PANFs sensor; (c~e¢) sche-
matic of preparation for electrode and sensitive layer of sensor; (f) the
working mechanism of the sensor
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Table 1 Comparison of performance index with sensors based on different solution-processed methods
Methods Conduqlve Sensitivity (GF) Range Linearity Resp onse Cyclic stability Ref.
materials time
0.34 kPa’! R*=0.998 48 ms 1000 cycles
co-blend MWCNTs (10~100 kPa) 07100 kPa (10~100kPa)  (0~20kPa)  (0~100 kPa) [34]
Consecutive
bat(.:h AuNPs 126 (0%~0.63%) 0%~0.63% Not known 16.1 ms .2000 [79]
deposition bending cycles
(CBD)
Spin 10 (0%~24%) Three
coe?tin AgNPs 71 (24%~32%), 0%~36% consecutive 125 ms Not known [47]
J 550 (32%~36%) linearity region
161 (:<2%) 100,000 cycles
> — 0,
Drop CNTs 9.8 Q% <e<15%), 0%~150% Not known Not known (6=60%), [52]
casting 0.58 (> 15%) 20,000 cycles
’ (e=100%)
colzzrng Graphite 522.6 (50%) 0%~50% Not known Not known Not known [26]
Spray MXene 1514 kPa”l (0~4.7 kPa), 0~15kPa con;regtive <130 ms 10,000 cycles [54]
coating 33.8kPa’! (>4.7 kPa) . . . (0~3.36 kPa)
linearity region
MXene- 220.8 (0%~5%),
Screen AgNWs- 560.5 (5%~27%), o/ 0 0.97 (0%~5%), 1000 cycles
printing Nano- 930.5 (27%~53%), 0%762% 0.99 (5%~62%) 185 (0%~15%) [31]
composite 1933.3 (53%~62%)
LbL 0/ 0 0/ 0 Linearity
assembly AuNPs 17 (0%~3%) 0%~3% (0%~3%) Not known Not known [57]
LbL o o/ Ao 2000 cycles
assembly MXene 22.5 (40%) 0%~20% Not known Not known (0%~20%) [58]
~ 0/ ~_50
DIW AgNPs ~5 31,0(2((1);) g 0/23) 0%~30% Not known Not known Not known [72]
~ 0 0
536.61 Three 10,000 cycles
DIW Graphite (0.32% N.O 62%) —0.6%~0.6% consecutive 110 ms (—0.32%~0%, [66]
oese TERe linearity region 0%~0.32%)
Electroless (PS@Ni@Au) 56.8 (0%~5%) o/ An0 2500 cycles
deposition MPs 14.28 (0% ~40%) 0%=42% Not known Not known (0%~ 15%) [80]
Three 8000
: -1
El:cit;?l?rtlatlc Agg};VS/ (01 341 kSPle:Pa) 3.7 Pa~75 kPa consecutive <20 ms cycles [81]
p & ' linearity region (0~2 kPa)
Solvent T 0/ A0 0/ (N0 . . 22,503 cycles
evaporation Tonic liquid 3.25 (0%~200%) 0%~200% Linearity Not known (0%~100%) [75]

JE I, H TS AR R R U ATE
A M LA B 2 P FEE AT w7 (] S8 28 B 415 b s 5 20—
AT, R RS R A AEVE 2 Bl

(1) H R FR SR A s B A i o T ok 953 ) 1o A el
JE 77 B AR SR AN RS, [R50 KB A B s )
RIBURTE A L. WHTCE 7 BRI B AR AL LB g%
FIERIMEL 1G5 T AR SRR S A T2, WS
B AR IR AR 5. X R P SR b 22 B
HREPNIUPS JFEce

(2)Bn M P R SE BB AT v FE M B4 HL A
SRERLRARS, MR HE T ML .

(3) M FH 2% JER 2% 7 B RR S AN T IR 1 A 1 FL A
LR, AObRrEREECE R RE A EE DI R
B g pRIZ A il AL

AR, AT B R RO i 26 A R A R AL
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