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Abstract: Flexible pressure sensors can be attached to the human skin to sense external pressure signals,
and have the characteristics of wide sensing range, short response time, high sensitivity, and durability.
Therefore, they are widely used in the fields of electronic skin and human-computer interaction. Flexible
pressure sensors are usually composed of flexible substrates, active materials and conductive electrodes.
Among them, one or more of the active materials form a sensing material by compounding with a flexible
substrate, and its deformation under external excitation will cause changes in parameters such as resistance,
thereby achieving sensing function. In addition, by introducing microstructure, the compressibility and
sensitivity to small pressure of the sensing material can be increased, and its sensing performance can be
improved. In this paper, the research progress in flexible pressure sensors doped with carbon-based, metal-
based, and black phosphorus-based active materials on film and fabric substrates was reviewed. The
preparation methods, electromechanical properties and application scenarios of different sensors were
discussed, and the advantages and disadvantages of various sensors were summarized. On this basis, the

research on how to achieve wide-range pressure detection, commercialization, non-toxicity of the
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production process and long-term biocompatibility experiments of smart wearable flexible pressure sensors

in the future is prospected.

Key words: intelligent wearable; flexible pressure sensor;active material; flexible substrate
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7 M TC R AL TR K R e A e A Wb R
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bon black, CB) . fk 44 2 4 (carbon nanotubes, CNTs) .
A S50 AR AR A7 5207 (graphene oxide ,GO) o
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e 94 K A8 R B R IR L S R+ B AL =
M) 1 Re LR A S R G 2 0B B R B AR
SEVE. Jing 5P R T — Rl #E % 5 5 A 4% PDMS
TORE B 371 5 30 U e 8 K A AR 45 A 1Y 22 L BEL s
DAL RGBT ik . 1558 T GUBE L (> 8) Ay foe
S5 %A AR B BT Y e 0 L A BT R
Bl MLV K o A ik 455 R B AR GZ B B B R 6
FAWE 1. Wang % %58 i /£ PDMS 48 4% Bt ik 43 0N
4% 1Y £ BE ik 44 >k 45 (multiwalled carbon nanotubes,
MWCNTs) il & th BA I R J7 2% F L 2% P RE i 1% ik
BORE, Bt B AR B PDMS i 4 - 85 4544
W TR 5 35 AR XS I JE AR E B PDMS/MWCNTSs
T 4 o 15 45 0 T IE vh B] 2 SO 2 A = IR A5
1 U T o A i AL B RAUE ik —1.10
kPa™ ", i B [6] 247 29 mes , 76 W W 60N i 07 5 T H AT 5
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A K R L AT DATE 2 km RO R SR 4T s AT . 1
Hb, Bk B — @ 0 AR YA AR e AR BLO BRI | 2
JUS . 000 e R ik v A% 8% T T S s T B K g H
1o Cao %5l FHTIR I 2 4 S 55 348 JRL A JR GO &
TR, K543 38 RS 1Y GO & 17 i (partially reduced
GO,pr-GO) 5 R AR A, 8 i i B A ] 28 AT
HE 3D FTER [y 3% 2 B Y K B R L 8 R AR AR A B
I (hydrogel-based reduced GO,H-RGO) i 2 , 5t J5 U4
# PDMS BB Jir il 48 0 5 07 4% g B A AR 1 A
N R 5 G W0 S L, 7 2R 1 H R R R AT R 1Y
NN R
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) 5P B A rhoa] 3 R A MR ML S L
R Sun AEU 3 af 22 BRI T — Rl T A
P & % fiE (thermoplastic polyurethane, TPU) - Jik
(CB) T E &M EL, I LLPET Ny 5% i 45 th LM A%
RS o AR IR R AL B R R AT (R
BV TE 5 Az Bk AT S 0 T s s R R S
I fih 45 42 ) A3 e S5 40 B A B Y 1 AT Bt . Xiao
LR Y Sk 2 T R A i DR S0 e R R
SR RL (PET Shy i 1) 190 2% 5 2 P T AL ikl o X
1% 8% 2% ) FE B 58 e 0 0 Bl AR S R 0RE g P e
PE, TEAE 21 5300 Y5 A5 BE PR FF R AT 1 PR RE -
1.2 HmELAYEEENEER

VT AE K Bifi B B e oF U A I AN BT R R L BR TR
TEAR R 1 58 0 ok B8 DA Ak AT A TR 1 R
FE R VAL BR 7R 285K o s 2L A 4T 4 R
BT 2 A5 RERHEA IR BUA R BT A S RE SR
SRR BUNBYEE T2 N T SR R AR A

Lee S5 5t th T SR AT ED A REAR IE 5 K 2 BE
Bk A K A8 5 A e BH 45 RE A A1 B, (A5 S 90 K &5 b
BLAT B & RIS Y s B JF A — 4 S
J3 o TF) 3 e Bk Y Prandd-Tshilinskii 452 81 b 32 44 K
A ORI B 5 o & WIE AT — o R R
TR RS U LIRSS T 55 AR B R AR T
BEL ¥ S 1 a5 i, ST IR B TR Ut 26 Y e 4 ) B4 T ) A%
J Luo S £ T 22 BE Bk 40 K A5 2 1 A0 M R A R
YA LT 4 TC 4 Ja A HL LA, ) T r 25 R i — 8L & 0 -
— 9 & ¥ (poly (vinylidene fluoride-trifluoroethylene) ,
P(VDF-TrFE) ) #AF J J L JZ Je J2= 4 3 i 3% 1 A fit
H i A A o AR RS B R LE R L PERE R
B E L AR R A, AT Tz TR AL AR NPT i
R AT 25 IR 2 B e S A

Sadanandan 45 ) F 75 3 50 £ AR 43 5 A8 e
T B g £F 4 A A A7 55 46 L) Bo b b iR UK A S5 0
AR R 2 AR AR SO RL AT R N L SE IR
Yy 45 A6 A B0 KA S5 Jey BR M o 32 A O ik TR B G
AR e RCRT R O A AR T 2 2 I AR
PEAET RN . Li S N A AR B A A R A T AR
mh E R TR g AR A A AR R AR DR T 7 A Y o TR
PR B2 W) T . A% Bas B RBUE & ARG
0N i N S I T € S S SO DIV IS RUNE 2N
it W0 1z 2l P 2R R IR AR

Lin 5575 30 800 AR A 1) 909 K ik 6 v R
LBk BN YK AR B A MR AR
VB R AR &AL R, JF 4 HIFE P - PDMS Z (8] il B 52
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BE AL, AR B RS E A HL RO S R TR
O3 BRSO R R T o R R T A s v Y 1 ]
TNz o Zhang 551 TR 45 SL48 1R Ik
S UURBE A K 3 B HE S A AL BE (ZnO) 9 K 28 1%
G, I 18 o i R - B M E U 3R P L N A TR HY TR (poly-
methyl methacrylate, PMMA) 5 JiK , I8 1 5 A8 1% 11 19
5GBS AR ) 4 7 1 o 07 N AR AR AR Al
TC AR AR Al B A T R 0 H T AR B, T s AR
I SR Bl K O A BE T U T BAT B R i
o Park 55U FHEE B R X 42 B A LA A E R
TEAT 8505 J2 b 5 B A AE A K MY i T 6 1 ZnO 99 oK 4
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T R RE B R DL R B oK ML R e A s B R By i ]
A& o

WA 4 JE LB A IS AT UTE & I N IR R A .
VE S — Fh 2 UKL, B A B 43 BCTE SR A Gl 3 2
PDMS & Ecoflex) H, JE iU A & /i B H £0(60) L 42
T | 0 M R Ak (R 50026 ) 19 A 4 s i v
WEEMEY . ZE ARG RmAY L2 B
1S e DL K R B S R L TR T SRR RS E S
AE VR L BRI L A R 2 R S M AL SR A T
W B O FH A S Zhou A8 MR TG R RO 2 By
ARAEREAG L A M b AT RSE AT/ 22 300 pm B9 JE 3
St 5B (eutectic gallium indium , EGaln) 780l 38 , il
7 B A B =X AR e o AR IR R B B
4 £ P B RO AR Wi 6, AT T M DO L B 4 0 R R A
R R R G A R R ) 43 A o Chen 4R H T —
TR 0 A v R WS 4 T AE AN T) A ) 2 18 1) &b
BRI 22 S, o A B AR T B I ) A 4 J Pl B R BN
FAERAR Lo A vk TR AL, 1S AR
b A

MXene 5 —Fft — 4k o P 4 J& i AL ) & AL W) 5k
RAACY) AT 5 ZRIE VA R A i A R RE I 2 A
Mok, Ho TL,C.T, BA T NEES5 4, 78 AT 2 S 45 4
BHAT AR KA AT 5. Liang 259182 LR i 96 &
I /MXene 44 K | /16 J5 48 Ak A7 859 (PMR) 99 K &2 &
PR R FT BRI W, >R 3 3 W A 8 g B (near field
electrohydrodynamic printing, NFEP) £ R 7 32 P 3 it
A A OK LT YA A S S T R T — R T
PMR 94 2K 52 & T 5 1 FL - B R OBURR 22 1k 1% e i o 1%
1 IR B G He BEL AN He F, 9 R s X A 0 e ), ELTE A%
SRR T L N BR 6% ELR T P T i A R A e
A5 3R A 2 A S R W, AR N A2 B W RT 2
IR R B AR K N 1. Shen %1 3z
JoR T HE S5 R S & DA U A e ik A /s P Bk
B S (P(VDE-TrFE-CFE)) M NI 2 % B4
W %1 Cr-Au UL 7E PDMS L AE Ry 22 1 o i, il
VE 7B B 28 S ) A% Al o 2 A% I At o R 17 5
AL, H A 2R R PR B AT 8RB B
DL K3 B R 0 A Bl A5 AR AR S W Oy T B
e,
2.2 sREAMFUENFRR

Fromme 35" 48 7 — Fp 37 A & I8 - 25 205 0%
PR D7 16, AT R E AR Ml AR S L 2
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ek miR )z, B HEAF &8 o & fifE
Ty B T Ve A AT E Ak Rk AR BB T
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i LB AR KA S N4 . AL R R UE T
FHPEAR , EL AR J5 05 16 5 ARG, hy 22 M e 00 A% e
{18 1 a5 i 1A T I SR

Liao 4517 ) Y a7 B 04 7K 44 2 N A 3R 24 R 4F 4 I
il £ ZnO 9K 8 I8 0 AL RAS 7T T 0 A T R A
SHNMEIN o ATAR 2T 2 TUAT R RN B R 05 1 L %
RIREFTEAIE T FHIKSEN N Z S HE T 6 &
A KRR TS . Wang 878 5% Bk 22 8 K il &
T HAARFTANEMW =2 TGN K 2T 4 0 25 35, o
5 S AL | T 1A 8 BB 4 AL ) (indium -gallium -zine
oxide,IGZO) Ll Je T HL BB 8 S AL W) . X 2e 4 Jm Al Ak
WEA RGP v, v 5k 2 4 B £ Y6
L BH o 3 2 U T A 0 A% IR T S B X R T IR
BE N RE RN B R 08 3 S AE B AR I, HL R BEORE R L
WF IR L, A R T 2 DR AT 22 8 1 77

Dong % filf AL T 2018 TR FRAS &8
(%) T 235 1 T r o JEE 452 401 K & Ha, (triboelectric nanogen-
erator, TENG) ¥ IR 7 4 % 25 4 o] 4 KAZTE T R
H 1 % W R 7, T ELRE 98 S 28 SR 1 AT HLBE 2
mi L TE 22 D) RE T 28 3 & 40 R RE 2 8Lt S LA ) I
(4 N F AT 55 o Wang 55738 55 22 ) B[l 4 75 =X 78 A/
iR S PE 9 2R B B IR 2R P K 2 RN ] o B AL Rk
R T A L SR RS B a1 /NG e I 28 & G T I
B A B B AR KB N ).

Ma 455 216 MXene 99K R 235 ifi e 2 4K L
JHPDMS 2, 45 T —Fh ik 2 DI 5e 9 U 6 0k
(Si-MAP) . il % 19 g A% J8 A BA iR R0 R PR
M 7 B4 R AT AR RV AR B, o R — AR
AR T IR TT R IEE T % . Adepu %R
HS i PRI IR TE AT EOT R T 3T WS,/ Ti,C, T, 448K
RA MR 2 D) B8 TR 1 0 A2 DA R IR B2 AR I . %A%
S AR O vk T B A AU, B R U AR
FEE R AR BT R Ad L 2 2L R PR T
T Al S Ok T R R AT BE e BRI

iS5t
3 EMEXMENERES
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PR JE T — Bl SRR, LML S5 4 PERE S 0 2R
AL BBEER ORI, BA RICE, £ IR



r [ %71 Y

102 R TR

2024 4F 8 J

HE TNy e, VG PESS o 5 A S AL,
SR LA T R B R | R AR TR /D 2 R A 2
¥ o AR BRELS R Ot TR R B R 4%
] S M Al B Sy — ol el ey i AS PR RE AL R A9 21 AR A
Bho BN, HAR T i B HAT KR PR A
HEGESN TR MG . KL, 78 @ 2
FE R R TR B B O A 1
PGB, BBEE R —Fp 4E 2 5 R M B, 75 1% 2R
UL AT AR I S o

UTAE SR, 4k BP DA ] 3R A% BB T PR i F el
IR RS RV 78 22 PR I AR RS R A R SR B )
WFIE . SR, 4k BP 16 & J7 % I 1 F 9 40 X 4%
A BT 5 R R R A R R R O R
H 5 BP AU A 4k MR G R S IR B Jiang 5
KR G 4k MXene 290K 5 & b BHE N FEFH)Z , Eco-
flex VE Ry B8 )28, il & T — Fh 2Pk TR ) R Ik ds o ixf
BER HARS 0 R OB & R SR EE R
P 07 A R) A S T A LA R R A A R
Zhang %558 1 Z2 M R AR G 5 OGBS OB
P 7R A K BH R L b 4R B, T 5 T MXene/BP
N I R Y E N WX (¥ i P B Y =Y B
P22 48 HE S A9 MXene/BP FJ2 45 #4) /F Ry #5282 , Hooi
PERI O 0.45 MPa, R B w35 77. 61 kPa o &
SRV I A TR SR /S AT BRI RUZ AR A
JoT 2 B HL 2 SR R TR ) A R i A R L A AL B
(indium tin oxid, ITO) M & F F M .PET N1k
FEJE A 0~3. 12 kPa i PR N R ATk 5] 1. 6 kPa ™'

4 SEREZEENERSR

BRI — Tl AN OK Z FL R, P T A
HAT R IR 0 = 4 o 25 R 45 40, DR T 2 B AR R L
e AR e LB A AR ARG 0 DL R 5 W] 4 A
Z A S YERE 68 BE ] o B A% AT B Tz
FEo Horb, m MR T A T M A R S B M A S
SCBE B ORETE 25 Mk T 2F U ) A% R T T Y B T 2
P 1A BT R BT 5 B R

HEr, AR RBEW M RO R A
ik SUBE S5 IR B W) HE ARl 5 B CNTs 1 a5 4
5 MXene S5 EURNE &, 805 BA R EY X0
PG | B AS IR B 1 1% (polypyrrole, PPy ) Fil 38 2K
(polyaniline, PANT) % 5 H 5 43 b1 B SCHE |, #4 2 il =
Yt 0 25 AR 45 0 1 22 M S L ACBE IR BHE BIF YN DL
SR . Huang 557l 55 ¥ 7R T B L& T —
Tl B T Ak A S0 R 1k 22 BE IR 94 K 45 (carboxylated
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multiwalled carbon nanotubes, CMWCNTs) ) H A/ =
A R 2540 19 B UBEIR (GO/CNT HA) o Uk
e R B AR S B R B R R AR S e B
TR IR T R 1 2 P e B AR B AR AR 22 2k 20000
22 WY B B2 TN 48 - 0 3 S 6 O AT BE DR R O S B PR RE
Li % L PDMS 1 g S A 5T, 4 42 i S fie 3 A 1)
e B = SRR A L, R T A R BRI ) A TR fE
ANRBE . X 2 2 LT v 45 A A AT BT A Y
M TR BH AL A B R R (12 kPa '), PR i )3
i 1] (85 ms ) 1 5 T A+ G 23000 KAAFF) o Hu %
i TLC 0K F 5 7¢ R E R NE LA PR )2,
il H B AT A RS F A CBE IR o R R R
BRI R J2 FLA e L TR AR MR A A | B S5 A R
FE M ok SO M A T AR BB R ) A 1Y SR R R
& % B w2 U (80.4 kPa ') | 56 £k 1 Y
(0.5%~70% B WA ) AR = 3 A0 K BR (1.0 Pa) o
Luo &7 Y T — R 3 T 1 A Ak A B S BE IR (frag-
mented graphene aerogel, FGA)/PDMS ¥ 4 [t 32 P &
RH 2R ) AL i3 A il ik T2 . BAFGA O & g IR,
NaClfki R FLER ] , 5 PDMS 1R A 15 2] H A 15 40 4544
) FGA@PDMS & 5 # ¥t . R J5 ¥ FGA & 851 T
FGA@PDMS F 3] FGA/FGA@PDMS 4 . )i
i 3 22 W E T 25 56 i FGA/FGA@PDMS 5 & 25 (1)
il o S5 AR, P ] A i 22 M T B 2R ) A% R A
0~10 kPa 1L [l P H A7 ¢ R 19 R 8% (2235. 84 kPa ')
R S (9 W) 137 B 78] (120 ms) , 7€ 1000 ¥ 28 1 1) 8¢
PEIR TR FER E M N . Zhai 557 R FH IS WOR A Al
R TR BRI & 17 T e PR RE R R ) A% AR 1Y
CNTs/ £ 8 /7K P R &l (waterborne polyurethane,
WPU) /4 4 % 94 K & (cellulose nanocrystal, CNC) &
BB o A AR H A LB S5 S )
FPERE(76. 16 kPa) i R (0. 25 kPa ) Ll (I AG M
FR (0. 112 kPa) Fl i s P (K T 800 IRTG ¥R ) o Ak,
CNTs/ A1 520 /i AL W) 52 & BRIk 32 B 0 S+ 4 1
PR R L P AE 160 °Creg i B R Il

5 KEIRERMEENFERRE

B 1 KB IR — 28 R B R OK R AT oy 1 BE
TE K 22 1k BT A5 B B9 BAT = 4E N 45 45 0 1) R 5 W BE
JEE AL, BT R SRR G S A LA P 5 A
AR A R A PR RE R A A LA AR EORE R RR
AR A R A B2 T 3 T A
AR U . Herp 7 FL A ST I 9 ) A B B T
FEL 7K R IS RIS A R M O T B S Tz o SR T
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K JE A g PR 95 T T RE 32 B9 R K 1 28 & B R 4
(4 52 ), S B30 F, A 230 R RS B AR I, B T R I A% R 1Y
PEBE , (o HL A% B T B R E

S K BE IR AR E B AR A Y W b T
B ok S L B - S HL B0 A R K BE R R i AR AE
R AW 48 90K TR/ 9 K £ o I 9 K b R 4
SRR . AR A T
S R F Y O =25 A R (I HCL, HLSO,,
H.PO,) .4 J& 3 (1 LiCl, FeCly, AICL) F1 8 7 14 .
X G H A RE A Y LS T AR AR K B R T e
0] 7% 8l , DA i 7K B8 i 45 i 1 o Zhang %6738 i
FEVR S A TR 51 a- MR HE oy T3 T a5 0, B
TR R e A R A, HOR LA R R R AT
4 1] v O S 0 T 240 P S A g o7 P R o
A7, TR I Ak R TR I A R S e T R

FE R ORUR 45 0 (0] 8 T 1 2% 19 TR ) A% 8 4 AE — 20~
80 “CHY I Y5 N, 223 29 h (9 10000 ¥ 1 3 52 1 J
A 30 5 B Ve BE . Huang 257738 b 445 50 BR 2 e Fn
R O 5 B 9K A S e & B R A R
SR A ) R R B 2 Al T 2 K I o EL A LR
& T 1 7K B I S A P A il AT LA 22 ) o A S BB A
S 1 R B AL Sk, B R R (20,5 kPa ', 0~
1 kPa) | % A& & Fl (0. 1~100 kPa) F1 A] 4& 1) 1000 7%
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Fig. 2 Mechanism and preparation method of multilayer GPIL ionogels
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