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[ Abstract] Electronic skin has shown great application potential in many fields such as healthcare monitoring and
human-machine interaction due to their excellent sensing performance, mechanical properties and biocompatibility. This
paper starts from the materials selection and structures design of electronic skin, and summarizes their different
applications in the field of healthcare equipment, especially current development status of wearable sensors with different
functions, as well as the application of electronic skin in virtual reality. The challenges of electronic skin in the field of
wearable devices and healthcare, as well as our corresponding strategies, are discussed to provide a reference for further

advancing the research of electronic skin.
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a. Preparation and structure of PDMS materials with foam structure.

Reprinted with permission from ref. [10] (Wu et al. 2021). Copyright 2021 Elsevier; b. Preparation and structure based on folded structural

materials. Reprinted with permission from ref. [5] (Gao et al. 2020). Copyright 2020 Royal society of chemistry. c. Serpentine structure inspired by

trampoline design. Reprinted with permission from ref. [13] (He et al. 2021). Copyright 2021 Elsevier; d. Disk structure with serpentine circuit

connection. Reprinted with permission from ref. [14] (Liu et al. 2019). Copyright 2019 Wiley; e. Fractal curve structure. Reprinted with

permission from ref. [15] (Liu et al. 2020). Copyright 2020 Elsevier; f. Study on the relationship between effective working area and performance

output of electrode based on serpentine structure. Reprinted with permission from ref. [17] (Yao et al. 2020). Copyright 2020 Elsevier.

R B
1.2 FF R Bk R 4048 25 1 A AT B AR 1 O T 52 it R
A YRR 25 1 BT i Sy R R JBR T 2R
W AR A B AR . T R R R
B RS A A, R B LA R S A A A
PE, LB F= e e i o [RlAs, AR aE s 58 1Y
L R R IEA T 03 R, A mT UM IE Sk b s>
BT B 0 P2 AR FER B V5 ¢ . 4], Huang %5 018)
il 5 T —FhOETE A B IE A S AOR R B A
HLMR, B R GfS A9 2 T ik B Y RS R L v, BT
P42 0.77 VI IT B HL R AR A 483.1 pW/em? (1)
IR, RN MR EAT B A ) A= WA 2 v A
ML PERE, JF HAE AR MR AT LS B R A, HoA R
TR | A Tl RIS, AT I RN
4 IMRMIBYT RS . BRI IR — R R )
BT, HETE TR UEAN N . 221 pE Fn T
REAH o Huang MV T —F/NRIL  ATREA
AT BEAR A REE LT, KRR A A, T
LUK 259 (CAnBa) &) DTAK | A3 36 25755 ) A 850 i ik )
RIZA L, Wb RAE KA, (EHENAHLUEAE @
i VAR R R AT R G A T

http://www.biomedeng.cn

PE, MIRUITE 37 °C BEIRZZ th3h 7 (phosphate
buffered saline, PBS) 1, B F K RAFAFTE 1 MH N
Biff, 7 G RRRB Y ILT- 280k . WX
FRFEATIN TAEME, 8 0] Lk — 25 )R a8 R 0 fd
FFOT o 27 5 MAE A AT ZE AR 0 T R o A
RNLRA YT IRTRAL TR i SR
1.3 BFEKAFHFEENARER

HL - TR 38 5 N B Tk % 4 ok i 4
R A, B, BREE S RIS ER T
FE RS AR & R T A I B R, Lin 45120
TR YE LR A BB T AT T IR
PRI R A, BA R ny R fE Sk, T
PRI 1000 Yy2s i, frfhFndie, Jf HAe
X EARIE AT AR RS DR AR I P R i, 7E A it
AR e . BB TSR . A HLITE 45 7 TR H A R
N W 1o Huang 262U il 88 7 —Fnl 4200 1 A €
PO L, AT LA 2 M 5 H 8 s s R A 4
B, Gk IR A S T AR Bl iR T
THR BN ES 1 (Na™) YR EE | pH {E 1R TR B 4T Y 52
BFWEI . AR RT SRR AT IE M, O —Fh SRS 2R
F B RIS AT AR, SRS R BRAG EE NG A,


http://www.biomedeng.cn

B TR 22 & 20234E 12 H 55405 563

HL T RS S . Wong S22 2 T —Fie TR
RO )T T BER B B, i] ATEAN R R I
BTSN 5 BRSO S, TR X A AR DR A
B EPRASHEAT I . T EESEAOK K AL L T
BERE S, aTRE R E WA, 1o thRefi s, Wik
AL 5 ANURT DURISR D Foflu i AR HERE, JF H.
A DA AHLS T ) R L0155 U, SEBL T X
UK s

2 BFEBREAREEFEEHNA

Wt 22 WO MR AT S5 A i i A, 2 2
TR A A BT e A S AR Bz i, DA
AR P PRAE 5 CAMIRLEE . e 77, W AR 4% ) Rk
{55 (EiEbE. FLERAE) 284k o AT FZEXT A [T BA
TE LT B R B, AT B4, A ds 2 T 1
JoR 1) 8L e A SR A . A AR Bl VR TN B Bz R T
DU, BN AP | T T R S B R 53 ) 4
2T TN
2.1 EBFREKEBHeeE BRI A

Wit %5 L B2 SR D RE AL L SR L fE P R R,
A FRUE I RE AR5 0T T IR Bl R TR A AT AR
FRELyistT B OCHE . SR Y A H - B Bk RE VRt
NEATYSZ 2, L > r s B, AT RS A AR AR
M, R B 5 B AR ARBRER R | W R
K, WEARF T o B BREE L, MELATE &A= 251 L 41
ARSI T I R kR mReoE TAEM, Afitag
TR IR, Mgz ) SR TR TR, Y
I, AL RE L B Bk 0 TA S 4 25 T EE 4 g oK
RHLAIL . R HL AN K A HUIL T IR AT e A A ) A
ABLEL L, T AR DCHL R K TR 2R B 2 A AR
22031 RS S T WA T A I 4 R A 1 45 358 ) BF
FETAEHTN 4

Liu 550200 33 i 7 e VE 40 2 10 7 A 2 0m 15 3
— o B A ) R R AN OK R FL R LT R bR, L
ARG ZE 0 . BT G s T i
J&2h 213.75 V, FFEHLIRA 3.11 pA, 7ETEE B
I 14350k 3 Hz #1 5.6 kPa ISR, a8t al LA
ARAZ M 1000 MY T, B IR A A SB. BEK
BR% (lead zirconate titanate, PZT) A1 PDMS 15 %I EL
A SRR R FE AR, FE B U LR AR Y
[Fi) Fof 1 6 L AR ) 13.23 pA/em?,

A ST T A W R Rk PR 5 T VR T FRL Y Y R
TR RAFEAEARSC 2.4 /AN AT TR 4

HHERE T B Bk B0, R R R A R
k. Thig e el ks R4t T 58 . HE

« 1065 «

W, AT LIS NRTEAR [FiE iR A L T34
SVE T AYAER, M ELE XA EPIRZS T i s s S ik
TF508T, AT RASEE AR LA B B a0 e i
W, A BT ML 35 M B TP e 45 I R o
22 HHEBRShEHaERT

HL B R 33 25 1 SR AR T fig 2 — X AL B
(AT N AARIZ B R Bk D 24 8 AT LAl i e BH
3, e Al B i U R R . HAT, i AL
R SR AR P 7 S a0 7 3SR R 7 0 R Sk AR
Ve, g5 2%, 76 H AW h A i, 255
— PP RIE R . O T IS AR S
fih 52 47 2 A SR, Liuw 2524 5 3 22 W) E ) 15 5
PZT #APEPRIES], $2H T —Fh sl s  nl R iy e
L CHL T Ik o Sl R 2 R T DA R TE B A
PEAT B MERN, Ead BR N e ATk Sy, IS A 1
(R ShAE+8 4>, DT S HLAR T 1) S s T 34 sh /R IR
B, AN RS 2 F - Rz R LA A 1 25 ] 43 R
(FE LA BB T 3K 25 /N em?) FIHE w5 Y 3R
(180 wV/kPa) , AI LAFKELT-F fib #5565 40 A1 fih it
B, WE 2a iR, ZJE AL AR S B a it T4
RGP PR AP B R GE, 7E T3 B[R, 4
PLER T LA il S R BT L, AT LS an < Bk
FURR S ARG TR, A2 AMLAS B 5 T EAT H R
Fo g S 77, AN 2b BR8], wWa A1) S i AR
P25 R ERCR PDMS TS, FH P EE SNk & FL L
TR R Bk, HF s RT3k 78.7 'V, TR
ik 33.75 W/m?, ¥z G s L T & B IBHSE
PR AR B -2 RIS e T3 /DN, A&l 2¢
Jfi7R o Song %261 N ARG AR B SN 25 45 A E—
e, FFE T —FH T-Pes R AF i iR 2 L A9
F12ER /NN R GE . T B AR S5 R R
JR B RS2 AL AR L, R [RI A% T £4 8kt v B
(R SR RAE R AR, ARAT T ZE KRG Bz Jok AR i 11
P K Ho A 2 2R g2 R R ARG I, E 38 2 i) A
B IR 5 A ARG B N AT S, AniEl 2d IR .
2.3 FHEEHLEM

RS2 W I T B ARG | i YR 3 3
SRR T4 S, Liu 15 J T —Fh R4k
BR A TR A PR AR B . A5 B TR AR
PO BH AR S0 R M B R R, IR R TR R
HUBRASTE AT SR 0T 55 B ik B W &, i Wil iz
Bl /NEE B TE] RS, (U2 FR ) B A 19757 A7 55 A e
HRUREE, 76 AR [ IS T 73 A AN I PR 25 1851
BA RN WS, HAh, Park 2527 JF & T —FhH
oA R AL B T i, 3 et %8 A 1 A R

http://www.biomedeng.cn


http://www.biomedeng.cn
http://www.biomedeng.cn

* 1066 o

Journal of Biomedical Engineering, Dec. 2023, Vol. 40, No.6

Voltage/mV

‘.
. I I I I . .

1234567 8 9101112131415161718192021222324

Tissue surface

Fingertip

A

D=8 mm

3 mm

x/mm |

z/mi -
Stressed: ~320 kPa

B imess 7

B2 BFEBEATHERINFBERAZEN  a md BRI RGBT SRR b, i BT TP A i DU i S
B e AL R R P TR T 1 SRR O s d. L Rk T A R R ATR SR GV A (g )

Fig.2 Electronic skin for action recognition and skin mechanics detection a. High-throughput and scalable electronic skin for action

recognition. Reprinted with permission from ref.[24](Liu et al. 2020). Copyright under the license of CC BY 4.0; b. Electronic skin for object

grasping and tactile feedback. Reprinted with permission from ref.[25](Liu et al. 2022). Copyright under the license of CC BY-NC 4.0;

c. Electronic skin used to detect hand force. Reprinted with permission from ref.[10](Wu et al. 2021). Copyright 2021 Elsevier; d. Studies on the

rapid characterization of skin and deep tissue biomechanics using electronic skin. Reprinted with permission from ref.[26] (Song et al. 2021).

Copyright 2021 Springer Nature
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Fig.3 Electronic skin for sweat activation battery and human health monitoring a. Zn/ CuSO,-based sweat activated battery. Reprinted

with permission from ref. [29] (Liu et al. 2022). Copyright under the license of CC BY 4.0; b. Bandage-based sweat activated battery. Reprinted

with permission from ref. [30] (Liu et al. 2022). Copyright 2022 Elsevier; c. Mg/O,-based sweat activated battery. Reprinted with permission from

ref. [21] (Huang et al. 2022). Copyright 2022 Springer Nature; d. Ag,O/Mg sweat activated battery based on biomimetic microchannel. Reprinted

with permission from ref. [31] (Wu et al. 2022). Copyright 2022 Royal society of chemistry

®1 FREERIEEERER A

Tab.1 Performance and application of sweat activated battery

R )25 B /(mW-cm ) CHL 2 /mAh L Bk
Mg/O, 3.17 14.33 Na', pH, FZfkFHHT (21]
Mg/O, 16.3 74.4 PRFRIRBE | kAL S A (30]
Zn/CuSO, 7.46 4.5 Na', F#EH L AIpHIE [29]
Mg/Ag,0 122 8.33 A3 AR R BE R4 [31]

TR B lcE (114 ul/s) , 5 Mg/8ALAR (Ag,0)
TG B b B 1, PT LS B b RE S Y (8.33 mAh
PR 2R, 122 mW/em? IWDIRE D), 568
AR B AT LASE B A3 I U
AR B SZH -, dniEl 3d s, nge 1 R, A&
SCHEE T AR SR IR P e FU RO R L R
R S A A AL SRS B FH AR, 3 AR Sy ]
AR RS RE Ty E HL AT TR )
Huang %502 Z5 5 00008 R4 5 £ WAk
i, 38 GO T X AT IRCAE AR R F b AR
JHERE M AR IR, SEIL T A LRI B . FL
PR K60 R A A 2.48 mV/mmol (R?=0.98) , %) b
K R AL R 0.11 mV/umol (R2=0.98) , 7E A

[R] AL (RS | 6 B8 A 748 ) 329l LS B T AR
FLIR LA e A A R S

3 ETHETFTERRARHUARANZE/RE
HEEFHHN A

Bl 25 S A A HERR AR R A, AR Ak
DR A UG E Ny s 1 B o = AT I o N AR S £ 2
fil . TR F R RRA AALA T (human-machine
interaction, HMI) AJ LA Bl AATT 5230 it F Jk i1 =
Y, @it — RN B AR 4 A R PR vt S imt, T
DLSE B P B AHLAC EAARSS:, 5 B P A L0003 1
B L B R A s B e B

2019 47, Yu B3 R IF & T —FpEE T I04 fik

http://www.biomedeng.cn


http://www.biomedeng.cn
http://www.biomedeng.cn

« 1068 o

Journal of Biomedical Engineering, Dec. 2023, Vol. 40, No.6

VR glasses . Visual feedback p i eyes

&

@ Haptic feedback

/'(‘}

Sensors

&
a4

Internet

B4 ETHRFERERRNENALFREEZFOMA o B TF R TR R B MR, b, TR H 30
BB PR AN R G T AR b PR AR | A% i f 2 b ™

Fig.4 Application of virtual reality scenario based on electronic skin technology in medicine a. Electronic skin for virtual reality and
prosthetic tactile feedback. Reprinted with permission from ref.[33](Yu et al. 2019). Copyright 2019 Springer Nature; b. Electronic skin for braille
recognition. Reprinted with permission from ref.[34](Li et al. 2021). Copyright 2021 Springer Nature; c. Closed-loop human-machine interface

system used for non-contact biological sample collection and the care of infectious disease patient. Reprinted with permission from ref.[25](Liu et
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