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Abstract: Traditional electronic strain sensors based on metal and semiconductor materials have poor
flexibility and wear-ability, which are not applicable for stretchable sensors. With the development of
flexible electronic materials, wearable electronic devices show great market prospects. Flexible strain
sensors have many unique advantages, such as good biocompatibility, wearable, stretchability and
elasticity, which become a hotspot of research. The research progress is the preparation technology,
performance and application of PDMS based piezoresistive and capacitive flexible strain sensors were
summarized in this paper. Finally, challenges, important directions and perspectives related to PDMS
flexible strain sensors were prospected.
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Fig. 1 Piezoresistive {lexible sensor conduction mechanism

and device schematic illustrations (a)schematic illustration of
piezoresistivity transductiont® ; (b)a typical E-skin composed of
SWNTs film and PDMS!%; (¢) schematic illustration showing
the structure of the ACNT/G pressure sensor!2); (d) schematic

illustration of the fabrication of the wire-shaped strain sensort!?]
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Fig. 2 Preparation of conductive composite elastomers based on PDMS  (a)schematic showing working principle of conductive

composite elastomerst%7; (b) schematic illustrations of synthesis procedurest!”); (¢) schematic illustrations of preparation methods

for porous PDMS/CNF nanocomposites-!8]

2% A T BRI .y T PR 2R 1), A ATTAE
FEAS T R ERSE . Su YRR A RS A R
MR AR 15 B T A F A6 Y PDMS B, B X
T 7 AN e 42 sk 45 4 1 RS . 7R I KR il |, Wang
SR 22 FAE AR i v EA E A s M R
PDMS G, 38 ask 2 728 200y 1) K S R 2 26 0 L B3 ]
DIAR G A5 il i 5 A i RS . A DB S 19 5 218 AL 42
BER R GLE5#8 L 1% 5 35 316 T LAAE PDMS Mk} 7= A= 4%
Iia) S PR Gl 2 s K A Bl T N S M A% R A T
) CAnE A ),

2 BEAEXRHEERSE

FL A AR LU 3 08 277 i BB A G TR e 1
1 v 7 s o S 4 b R CRL A B0 B T A9 - H Al 4

B. HLAYEFERNAE R R AR TE & Bl A AR R AR R
Z 0 A5 A0 T L A A D 17 A 1 A5 Ak, HE AR J D 2 Can &
S iRt HARPBEAETTUHAN C=ceA/d
PR e e B HLUH B e, SR A L H B A R
TR, o e HL A 22 T ) B L 3 3 i A Skt g g 114 A% Ak
A2 AR U, 7S AR R Y 32 A T LR
30 BRI iR P LA S BTG R RE A I kN 1) R A7 A o
J5 R B R AL T R R A AT AR e
A TEMAL AR 2 b, PDMS M B R A R
G it R R 4 2RV T L R A HL A 2 R R
FEL R 1) 35 TR A LS
2.1 4B

FL 2% 20 M A% B Th e M R AR B TP A% O AL
SRy B Ay A5 G H W G 06 e R M OR L 1 2 BHIE A
ISA 38 3 ol FH e 400 DK A N A K AR 4R 55 T A1 BES PDMS



Aok H 11

BT IR YRR G S e 0 T T o A RS AT 5 U 17

(@)

Curved liquid
channel forming

Upper Pt-coated :
nanohairs

Liquid channel
contracting

Nanoparticle
self-assemblying

Lower Pt-coated \
nanohairs N

N

B3 HT 4R FIEERLEE (2 PDMS/AgNW/PDMS 44k & 4 W A8 15 2% 1t i 1 i f 20
(b) B F AuNW BrE gLk 19 1 14 21 5 (o) ph AR Pl SR ARAR 5 AL (1) 909 K R 1) A e e 2 1 /s 8 PR E22 5
(d) JEAE T PDMS 3¢ 4 2 [0] 1) 32 P A A J2 19 41 46 R (19 7% 2 el 1230
Fig. 3 Schematic illustrations of flexible sensors based on metal nanomaterials (a)fabrication process of the PDMS/AgNW/PDMS

nanocomposite strain sensor-2’’; (b) pressure sensor based on the AuNWs modified papert?!!; (¢) schematic illustration

of the nanoparticle self-assembly process induced by pillar-patterned template22) ; (d) schematic illustration of the assembly and operation of

a flexible sensor layer sandwiched between thin PDMS supports| 23]
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Fig. 4 Fabrication of micro-patterned PDMS films (a)schematic illustration of fabrication process for micro-patterned PDMS filmst17 ;
(b)SEM images of patterned PDMS films with the structure of hemispheres, pyramids, microrods,microlines, cubic features,

and pyramid features'2) ; (¢)digital photographs of mimosa leaves molded and silk molded micro-patterned PDMS film!10-33]
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Fig. 5 Capacitive flexible sensor conduction mechanism and device schematic illustrations (a)schematic illustration of capacitance
transduction'1 ; (b) cross-sectional view of capacitive sensors'3*!; (¢)schematic illustration of CNT-based

transparent capacitive sensors-+0]
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Fig. 6  Schematic illustration of fabrication of the pressure sensor and photograph showing the fabricated pressure sensor on a

PET substrate using conductive fiberst**]
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Fig. 7 Schematic illustration of sensor preparation using microstructured PDMS as dielectric  (a) pressure-sensitive OFET with

microstructured PDMS dielectric layert®) ; (b) schematic of the final fabrication step of pressure sensitive transistor-5]
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(a) photograph of a spongia officinalis and

schematic illustration of the fabrication steps of a porous structured capacitive pressure sensort*6) ; (b) schematic

illustration of EHES in a layer by layer format with description of each layert*"
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Fig. 9 Applications of flexible sensors on pulse detection*8

(a)schematic illustration to detect pulse on a human’s neck with

our microhair sensor; (b) measure pulse waves of the radial artery
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Fig. 10 Application of flexible sensor in motion monitoring (a)photograph showing E-skin directly attached to a tester’s neck for
monitoring the muscle movement during speecht%); (b) real-time IV curves of the E-skin constructed with H-PDMS when monitoring
muscle movement during the tester’s speechl%); (¢)a strain sensor fixed to a bandagel*®); (d) relative changes in resistance wversus time for

breathing , phonation (speech)[*9]; (e)schematic of the patellar reflex experiment9J; (f)relative capacitance change and strain versus

time for various human motions: walking, running and jumping from squatting’*%]
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Application of flexible sensor in expression recognition

Fig. 11 (a)schematic illustration of stretchable transparent ultrasensitive strain
sensors attached to the forehead, near the mouth, under the eye, and on the neck to sense skin strains induced by muscle movements during
expression of emotions and daily activities®J ; (b) schematic illustration of the cross-section of the strain sensor consisting of the three-layer
stacked nanohybrid structure of PU-PEDOT ;PSS/SWCNT/PU-PEDOT ;PSS on a PDMS substrate5°); (¢) time-dependent AR/R, responses
of the sensor attached to skin near the mouth when the subject laughing "' ; (d) time-dependent AR/R, responses of the sensor attached to skin
near the mouth when the subject was crying®) ; (e)nanocurves array chips were attached at six selective positions on facial skin, which

included the characteris-tic muscle groups'??); (f) 3D representation of PCA result shows a clear clustering of the eight different facial

expressions as analytes-?2]
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