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Abstract; As an emerging technology, flexible electronics is fabricated by integrating flexible organic/
inorganic functional materials and flexible substrates using unconventional manufacturing techniques.
Compared to conventional electronics, flexible electronics are more compatible for advanced applications
such as wearable electronics, human-machine interfaces and soft robotics due to their exceptional
mechanical performance.Soft polymers play a crucial role in fabricating flexible electronics. They can be
widely used as flexible substrates,functional components, and interfacial modification materials.In certain
cases, the intrinsic properties of functional polymers determine the ultimate performance or specific
applications of flexible electronics were summarized. In this paper, recent progress in developing functional
polymers for flexible electronics was summarized. Based on the essential roles of polymers that can serve in
fabricating flexible electronics, a detailed discussion was given on the design and synthesis of polymer
materials for use as flexible substrates, interfacial modification materials, and flexible functional
components. In addition, prospects on developing functional polymer materials for future developments of
flexible electronics were also provided.
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Fig.1 Potential applications of flexible electronics
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Fig.5 Functional polymer materials serving as degradable substrates
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Fig.8 Degradation of active/passive devices on the polyanhydride substrate

IR ST K A A SR TR I 2% 1k R IR AR A R A
PEAE 22 AR WL FT s DR R B T DA AR S DR AR
AN (o S v 1 L O R AR O 25 () S A i B ) T L
PR ZILR LA = KA I A]. 2 0, SEER IR,
AP ER T 7K 731 itk v 5~ i 1 B4 e g s SRS 2 ¢
A FATHY RSB T R T A AT 4 T
PR A LAE— 28 Tk ) — S A fih A 2R TR i
FEL 8 F o TR) A X oA A = 44 g 107 784 00 3 5 ) 38 B A
S5 45 W T R At FL 1 AR AR B0 R AR W T 7 ).

2 FEER R

I ENEOLN SRR AR D RE AR O AR Z
[F] B4 5 B AN DR TRC )y e 5 | O B 5 T g il A5 2
P28 PF A 455 S AT I X LR A A2 R B ) R L 7 5
BRI TR o b T S 28 AR AR 32 Bl L HL e L b A
SRS Bl S T RE AR 1AL B R B v L Al
A5 M 2 1 i LA A B[] AL P e R TS DG R
T B A 1 AR A 5 TR A ) R — R I UK
TET W ) Rk

O Fifk DR 3K — ok S XA L BF 5 ) R e R R A N
i 1 58 S M BEIE A ORE S SR D RE A R 22 [R] B B AR
F b AL GE B BT 3 5 T BeoA 2 8 T Ab LR S W
Bl 4 & URR A Jey SREm A5 OR  JX 86 Ty i A A
i BRSSP BB O HLAR B T
B U A BR A LA A4 R R I 5 O A5 3 1 5 1Y)

[48]

T 1 5 SR ik fRE 4 A

I FH S T 448 i A Rk SR A ke S 1 A T ) Ak B
AR RGO 22— B A MR R A R R R
AT 50 R A LB A MR DA B R SR A MR N T A K
HIZE A AR AR 9 EE IR RN TR IR L B AR
RRIE KB A5 3 i — Sl LA e B T
SURE ) B VR FH IS B B R R SR B A A R
H T HARF AW 5, 46 W€K 8 1T AR ) el
Wi DU A FL v, R 5% B 2 19 A 2R 8 2 i DL M R 7R i
FERREE L G DU 53308 HE 68 58 260 VR 1T LIRS 76 AL 45 /& 40
T AM EEEE A A L, ] 7 VR sh i 3
R VEW P AT R R R A
RS THB T _BRERXNER (ZEOEE
Y LAS B A L 3 i 3 1 0T LA 22 b ) & AR 3R i
sCAE M AE A CEEE MERUME R ) s A AR )
LT N A SR A AW 7 05 K R B T 1 B T 2
BRI S B 22 A ST 22 TR A T e R S i ok SR
P H - S T R A A RO T

K, & B3 A 5 1 2 T e DA B & g
75 A= T B 1R 43 R R AT Bl T A R ek e 2 M A A
I JS =22 ) fR) A5 F AS DG e ) 0. A TR A4 37 i D
Ja ks Ul & T 2 m ke WO T M RO R K
(DMA) . - H 5 W E R 2-H A 4l (MEA) #E47
AmEREG . HBETESHEILABERNE S TRE
Y (B DR EREGYEE, PDMS R BT % (PD



% 1144

Rk d o T AR T RBAT R 885

PARRXTR HR C WEEE (PET) % 1w 32 foh /1 1
FME S B, 22 B A4 R BT DL Bk 22 b 22 i R i

F14) B 1 ) AL

B9 ARG R

Fig.9 Bioinspired adhesive™®

W AR N &S T REWIERAEARS
[ (419 . PET L& PD b, 4R J5 148 58 5 3% ik
5 22 [ B ) S F R 52l o A A SR R L IR
R A R R SRR B (8 . PET LUK PD L 4R
(B 10Ca)) B Z i 58 (& 10(h) (1 HL & 7E 1 000

() === e e

U T8 e B A PR 4 AN A 5 T AS T B2 5 I A
A R B R L2 ) B Lk e WD g B T A R T ]
Tkt 22 ML IR AR A D BE B R 22 (8] 114 B I e A
A Bl TR R M B T S L R B AR E

30

41— bare surface
3004 —- surface coated with
poly(DMA-co-MEA)

4001 fabric substrate 20 PET substrate
== bare surface

L .
25§~ bare surface »
e surface coated with 20— surface coated with .

poly(DMA-co-MEA)

Pl substrate

A

poly(DMA-co-MEA) ™ &

4

e = %
= s 215
S 200 S gm Y.
HO 5 [
b 0

0
0 200 400 600 800 1000 0
bending cycles

200 400 600 800 1000
bending cycles

0 200 400 600 800 1000
bending cycles

(b)

fabric substrate

4()4 = bare surface

—e surface coated with
poly(DMA-co-MEA)

PET substrate

== bare surface

e surface coated with
poly(DMA-co-MEA)

204 Pt substrate
== bare surface

. surface coated with /

poly(DMA-co-MEA)

0
0 200 400 600 800 1000 0
bending cycles

200 400 600 800 1000
bending cycles

00 200 400 600 800 1000

bending cycles

10 HBEMANTFSERRNEZREENIM

Fig.10 Effects of the adhesive material to the electrical stability of conductive patterns-**!

R B EVR AT A AR A TR N & 7RG
WIRE (44 . PET.PI L) & PDMS) [ il 4R &
(B 11a)) 5% Fhk 22 (F 11(b)) S [/ %, X H 4y
ST R A WA R R AWK & &
GUIRENE TR SRR T e /MO N S E 1 oL
WX WA U T R A WIRE A A RO b
T FHEERSEEREIRZE A mAER . 152
PR B ELA T U0 5 (0 U8 6R Iy, 6 Mk fR B I T A
AR 2] T A R 3R T

BT T A BT T A B R B 2 1 3t
RY e RN R A RS R S RE A L 2 18] 4 W]
ETADR N TT: (S S O S G S VR v S )
5 il A R AT T 5 M B L X RO Y R TR A
A HLBAT 38 1 Y 2% 1 5 i ol 1 R w3
AR ZR . 0T w5 v A5 R SRk AR 1R HoAT B
FRXSLANE . SA BT R A
B EW R ST L OK FH RE A A Y ik — 2P
N

%



%

886 FEMAFHAKRFFR

£49%

() - fRE G E R

“‘; fabri W

(b) -

surface coated with

11 #h&EH BT 508 B R0 EHER TR 0=
Fig.11 Effects of the adhesive material to the

scratch resistance of conductive patterns*

3 FTMEThEEMH

SR H TR T E 2 lUs T K2R HEL Rk
JEE SR 2 P R 3K % X L2 52 B T RS A B T G
Hh g Y [ Rl 2 i = RE S 42 U T A R v T
T2 FEE 27 5 SR A e D e AL RE BF TS TR B 76 2R 1
HL A F 9 SRR AL 7T A R AL LA K T R AL K R T A
T o T I RER LR B T I B AR L i —
A AL SR L T i PR AR AR R T E R R R A
A — AT T S F - B Y 1 1 Zh RE AL R BN A
S SE B SR W A A LA B T B A Dk O 0 — ik
AL T IIREM R IRBR T R —E 0 1 ek
AEZAb i BAT FEAL Ry 2 D BE (N 5 ria P L FL G 1
(A R/ ROTR o DI N =0 e B I = A IS D
o> I RE A R AT T CInREAR I S L O
il A TR B T R AL R S T B AT (B
FIW EHOY LR ORI 556) 0 5 R A 57 1
LR (B AWy 2 4 A5l o 1 R 1k
HL i 1 5 S N B A 45 Bl A W 5 2 3R A B2 Rk
O IR )OS AR L e R A 5 3 T S R ALY T
T T T 71 D REAE Rk BE R I 458
1 5 T A FIAE K

AT AT O 4 AT S R S A 2 AR E ST TR L AR AR BY AT
iR RS Y h T HFH I 2 sa g2 8 1
J7Z B R S WO AT T ) S B SR AR A R X
M TS R DL RS I Y AR T

REAT R b AR 5 BT RS 1 FH A8 X 530 R LK 1 RE 4 B
OSBRI
R v 2 R e 2R R B SR 5 ) — 2 U AL R
ARE TR AS 5o 7 v B A A% I8 B BRI B
G255 & A e 5 A 1k
3.1 FEHBEEAR

R TR R, RS T
A 2o A v R RS S 2 1 BB L T A e AR
T B I B S H P B 2 R AR IR KSR
AN R AR AR I AT R X 3 M AR A R 1 F Y A
TH PR N Sekitani 4500 0 BARE Bk 44 K 45 L) K
DK 1 5 - Y AR TR A B SR R AR e s 8 ok
SRR T2 ff =35 3 5 IR A 19 8 5 d s e A, OF
HAERZ 11800/, Tl R EFFAE 102 S« em ' (1)
IKAF- AR R AR AR 33 i S 5L R ) o A R
TR A X FAR S A F TS BR . R DR X — [a)
Lee %70 S ML % 43 F PEDOT. PSS 5 Bt R &
Y PEO,,-PPO;-PEO, R A » BTl £ T & L 3 %
(~1700S+cm DITMEESME, I+ HLE 1000
R AR TR 2 v, AN 26 30 406 1 v B AR 4L
SR I A A AL 8 A M AR T A3 A BR AU R 40 %.
Bao MAZH " ¥ PEDOT. PSS 5 & 7R A HL4r T
RA W st 5 2 T Ak 2= B DL R o T Al
B A B —FP L AR 3 100 S o em ! B N AR
S 800%6 ) B A W W I, JOF Ho7E 1 000 WK 1F
(100 Y0 W A8) Z J& » B S R AT R FFAE 3 600 S+ cm .

T L U Ol R R OR R MR TR R R R
SRR R N AR R HL BEL Y R L I PR R R
R R R B G ME S T R T IR A A
RSB0 A B T 508X — H xR,
3.2 FEERME

Z VAT IR B2 i R R P % B R AR A
AR L AL B BT B LA 75 1 2 M
[F] Fof 38 L PRI A 1 A% T B R G R X — T oK, 1T
DA P A b 0 A7 8 4 45 0 G T DU T
BAE AR T i g o U A Kang 25075 78 B2 S TR M
PR T 2 MR JL I B DU — 2 20 nm A4 A L 3 1 7 i
7 2 & T 200 Wik b B S B s L (A
BN TR B AE P S 0~ 2 %0 I, 45 I 2R B i
2 0005 Liu 55708 fic 49 K 38 A0 H At Bh 70T A KRR FL
JRE A 2R 5 1 IR SR LS 1140 B AR 2 1 15 i 2 )
S RN R e A S W R R S T DO E
R R LR L T 4.0 26 1 AR PN S 34 4% I R A #1100,
3.3 BREEZRMIEEMR

EARE R S b T 5 i s ik



% 114 Rk d o T AR T RBAT R 887

1) 22 1 FEL A A R DA B A SR AN T 3k e 2 7 2 Tk
/N EUERBUR , S B RE T R 2 e R X X —
Bl 8, 22 AR B Bk 0 B 18 5 68 71 e & T J& 1)
A& A% A BT 53 o 328 7 1 30T 4 O HE - Bz Bk 43
W R E T A E SRR R A 1B E L
HA Ly HAMERI A E S RM B S AR BB R
SR

SMER B E T A R T e R R
16 52X R S AE M B b, 76 M R 22 BBk IR 22 ) R
W LA 5 405 B 7 . Blaiszik 28057 40 4 1 45 R
(GaIn) T HL ¥ o 40 3 76 Ik / H | CUF) AL,
U U I B AL 45 0 (R 5 45 40D IF X Fh A% e 45 4
AL AE AR ESE R, Y b REAZ B0 B SRS e AL 5
FL A TR >f LA B BT A AR R B AR X R K
T AR BB T IR R AR RS B 99 %6 BRI L 3X
Tl G 18 S HLHI A5 2 10 b R T 22 R Re A 22, OF HLTE W)
— BB E AR (B 12 ().

5 hME R A B E SR MBI AR R [ B R
S AR AS T BN AE B3R ) K S A R RE PN R A 5
Ko ) sh A A oA B 3 55 A0 AR Cin &t L i 1
) SCELMOR A B EEREY  Tee 9 7
YRR R R A A KES R G YRR
L £ B RHTE 32 BRI, g 27 oL 2 E 7 i A
) 2 BRI 90 % 2 A (AnfE 12(b) ) W F
DU L, TR SE B T AR A B A B E RE R,
SRR SR 114 4 I A R Ml BRI T A L 4 B A BE

UXAE 30%ZEAD).
L] 388 1 437 15 T S B M B R LA TS
(a)

APS,~5C,12h

~——-:Polyacrylic acid (
® :Aniline

® :Phytic acid
—~~~~:Polyaniline

-
~ 4 L r I
: :
% H
\\ E ,
3 . :
' b
A
N
g
:
(OF . %

BT LA SR DL R BB RE ) R — ST
BIFFEME . Ay i TR — [ R, A PR 2 B T
1 7T St — R BG4 A2 SR R T RE A R L S
THRPRMA R A B 2UHE A T L B e H A B AR L i
Bt 1R AT A 3R A e 532 1P 3R A s T LA
KRS BRIR R (13 (a)) SR FHRE S TE
B RE X =R L AL K I B AT RO R 4
K 2 AR R I BIVRT AR A AT R S T 2 A M
FEPE 13Ch) s A R H A 1 5 1 5 i P fiE 5 F7
PERE . I EL T 2 K AR BN 5 TR I 3 R ML AE i 4

(b) AR 5 S Ha bR
H12 EfEESaEnsEs

Fig.12 Classification of self-healable conductive materials

[82. 85]

= Hydrogen bond
===- Electrostatic interaction

B13 ETSABSTFHRLAEESEMR

Fig.13 Novel self-healable conductive material based on conductive polymer:

5[86]

%

B H



t
%
J‘i

888 FEMAFHAKRFFR

# 49 %

H TR 2 P A7 7 R A 0B B A P A R A
AR E MBI TSR AT AR EW i1
ZRVEIIREM B R &I SE A E R, W 14
() AEREIR-A A 3 WAEI 5 - 7 2250 BE L &
LR B RE NS o8 R AEFF WU AR B PEBE CINIAD 14 (b)),
Hﬁfﬁﬂ:ﬁtﬁﬂﬂﬁfﬂ’r%mﬁfEl‘é*ﬁuf:ﬂﬁ%m

TP AR R AUAE CnE 14 (o)) ik, SEEER ,
BB A8 2 2 P T REASRLRE RS 5 S 1B S 41 )
WA PR RE GREE RO SR EMEfE (ReRY
T IR RED DBt 5 ] 4 2 (0L % B S ) E b R 12
ﬁtTé%ﬁE‘Jm% AT R B AE T — AR SR T

- - - = ]n& —

(b) ——
— initial
1.64 1" healed
2" healed
3" healed
o 1.24
-
=
w
g 0.8
0.44
0.04 . . ‘:lg times .
0 100 200 300 400 500
strain/%

(© 30
o original strain sensor B
254 healed strain sensor ,.8"?7-'
GFy=4.7 _g"
20 h,.—gs""
Q? F':E"”
= |5{GF=11.6 _ "
ST e GRmas
10 _n‘g‘"
51 @
4 GFi=10.5
0+ B . . .
0 100 200 300 400
strain/%

B 14 HEZEMEFRNAOFEEEEEEERD

Fig.14 Self-healing properties (mechanical and electrical) of the novel flexible functional material **

4 ZitERE

ARSI BELRIR T i o T D REAS RHE R L 740
B R BRI = AT TR AT TR A RS R 2
JEAA A L BT AR B ORE AN SR T RE B ORE. BB B
ST UIREA R E 2 8 B S B T AR SR T R R AL
A IE AL LR D RE AL - iR 2Rk L A R R A T
BRAY— AR AR HE TR R AR Y R R
NG BEIRAF A 5 e e g VAL AR N L B ABLAZ
AU T LT AR BB R AT BOR B A
W 5 JE s NATTN S R 9 2R B i 4R T A SRk
BT HOR B AR AN BE I A2 52 B 5 SR i 23 1 2
RERA A1 JRE A AN W o 46 T B o 2 i S — [
4 SR T 7 EL AR U T L 9 7 1 D RE AR Y H
BRI T E AR T R MR IR T R R
JE 3G 5 s HOUR, o4 22 T RE IR 2L 5 23 1 D RE A R iR
e WK A B R 2 I REVE AT B T4 e T
AT Sk — Le R PE  HEAE 5 d s o HRTAY 0 5 2
RER LB 22 M U A IE BRI T DU AR T X
T LERR S PR B A PF N I L B9 1 A T ). O
T3 B B) 0, T AL B bR 2R R A A
AT A 2 Z P 5 i 2E— AT T AR

£ % 3k (References)

[1] SON D,LEE J,QIAO S,et al. Multifunctional wearable

therapy of movement
disorders[ J].Nature Nanotechnology,2014,9(5) . 397.

[2]KIM J,LEE M, SHIM H ], et al. Stretchable silicon
nanoribbon electronics for skin prosthesis [ J]. Nature
Communications,2014,5; 5747,

[3]KIM C C, LEE H H, OH K H, et al. Highly
stretchable, transparent ionic touch panel[ ] ]. Science,
2016,353(6300) : 682-687.

[ 4 ] WEHNER M, TRUBY R L,FITZGERALD D J,et al.

An integrated design and fabrication strategy for

devices for diagnosis and

entirely soft, autonomous robots[ J ]. Nature, 2016, 536
(7617) . 451.

[ 5] SHEPHERD R F, ILIEVSKI F, CHOI W, et al.
Multigait soft robot [ J]. Proceedings of the National
Academy of Sciences,2011,108(51) . 20400-20403.

[ 6 ] CHEN X. Making electrodes stretchable [ J]. Small
Methods,2017,1(4): 1600029.

[ 7] WALLENBERGER F T, BINGHAM P A.Fiberglass
and Glass Technology: Energy-Friendly Compositions
and Applications M].New York, NY: Springer,2010.

[8]1XU L, GUTBROD S R, BONIFAS A P, et al 3D
multifunctional integumentary membranes for spatiotemporal
cardiac measurements and stimulation across the entire
epicardium[ ] ].Nature Communications,2014,5; 3329.

[ 9] RUSSO A,AHN B Y,ADAMS ] J.et al. Pen-on-paper
flexible electronics [ J]. Advanced Materials, 2011, 23
(30): 3426-3430.

[10] O STFELDA E, GAIKWAD A M, KHAN Y, et al.



% 1144 Rk d o T AR T RBAT R

889

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

flexible
harvesting system for wearable electronics[ J].Scientific
Reports,2016,6: 26122,

TEE B C K,CHORTOS A,BERNDT A,et al. A skin-
inspired organic digital mechanoreceptor [ J]. Science,
2015,350(6258) : 313-316.

ROGERS J A,BAO Z,BALDWIN K, et al. Paper-like

electronic displays: Large-area rubber-stamped plastic

High-performance energy  storage and

sheets  of  electronics and  microencapsulated
electrophoretic inks [ J]. Proceedings of the National
Academy of Sciences,2001,98(9); 4835-4840.

G ELINCK G H, HUITEMA H E A, VAN
VEENENDAAL E,et al.Flexible active-matrix displays
and shift registers based on solution-processed organic
transistors| J |.Nature Materials,2004,3(2) . 106.

K HANG D Y, JIANG H, HUANG Y, et al. A
stretchable form of single-crystal silicon for high-
performance electronics on rubber substrates [ ] ].
Science,2006,311(5758) : 208-212.

V ANDEPARRE H, LIU Q, MINEV 1 R, et al.
Localization of folds and cracks in thin metal films
coated on flexible elastomer foams [ J ]. Advanced
Materials, 2013,25(22) . 3117-3121.

KIM D H,SONG J,CHOI W M, et al. Materials and
noncoplanar mesh designs for integrated circuits with
linear elastic responses to extreme mechanical
deformations[ J]. Proceedings of the National Academy
of Sciences,2008,105(48): 18675-18680.

FAN J A, YEO W H, SU Y, et al. Fractal design
stretchable electronics [ J ]. Nature
Communications,2014,5; 3266.

MATSUHISA N,INOUE D,ZALAR P,et al.Printable

elastic conductors by in

concepts for

situ formation of silver
nanoparticles from silver flakes[ J]. Nature Materials,
2017,16(8) . 834.

XU J, WANG S, WANG G J N, et al. Highly
stretchable polymer semiconductor films through the
nanoconfinement effect[ ] ]. Science, 2017, 355 (6320) ;
59-64.

HARRIS K D, ELIAS A L, CHUNG H ]. Flexible
electronics under strain: A review of mechanical
characterization and durability enhancement strategies
[J]. Journal of Materials Science, 2016, 51 (6):
2771-2805.

SPECHLER J A, KOH T W, HERB ] T, et al. A
transparent, smooth, thermally robust, conductive
polyimide for flexible electronics [ J ]. Advanced
Functional Materials,2015,25(48) . 7428-7434.

LU X,XIA Y.Electronic materials: Buckling down for
flexible electronics[ J]. Nature Nanotechnology, 2006, 1
(3): 163.

ZARDETTO V, BROWN T M, REALE A, et al

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

flexible

investigation on the electrical, film flexibility, optical,

Substrates  for electronics: A practical
temperature, and solvent resistance properties [ ] ].
Journal of Polymer Science Part B: Polymer Physics,
2011,49(9): 638-648.

M EREDITH H J, WILKER ] J. The interplay of
modulus, strength, and ductility in adhesive design
using biomimetic polymer chemistry [ J]. Advanced
Functional Materials,2015,25(31): 5057-5065.
WIRTHL D, PICHLER R, DRACK M, et al. Instant
tough bonding of hydrogels for soft machines and
LT 2017, 3
(6): el700053.

LI Z,ZHANG R,MOON K S,et al. Highly conductive,

flexible, polyurethane-based adhesives for flexible and

electronics Science  Advances,

printed electronics| J ]. Advanced Functional Materials,
2013,23(11): 1459-1465.

VERNENGO A J. Adhesive materials for biomedical
[ M 1//Adhesives-Applications
Properties.LLondon: IntechOpen,2016.
MAWAD D, STEWART E, OFFICER D L, et al. A

single component conducting polymer hydrogel as a

applications and

scaffold for tissue engineering[J]. Advanced Functional
Materials,2012,22(13): 2692-2699.

HUR J,IM K,KIM S W, et al. Polypyrrole/agarose-
based electronically conductive and reversibly restorable
hydrogel[ J]. ACS Nano,2014,8(10) : 10066-10076.

LTI L, WANG Y, PAN L, et al. A nanostructured
conductive hydrogels-based biosensor platform for
human metabolite detection[ ] ].Nano Letters, 2015, 15
(2): 1146-1151.

LEE Y Y,KANG H Y,GWON S H,et al. A strain-
insensitive stretchable electronic conductor: PEDOT:
PSS/acrylamide organogels [ J]. Advanced Materials,
2016,28(8): 1636-1643.

MOON S,KIM K,KIM Y,et al. Highly efficient single-
junction GaAs thin-film solar cell on flexible substrate
[J].Scientific Reports,2016,6: 30107.

XU S,ZHANG Y.CHO J.et al. Stretchable batteries
with self-similar serpentine interconnects andintegrated
wireless recharging systems [ J J]. Nature
Communications,2013,4; 1543.

CAO P F,LI B,HONG T,et al.Superstretchable, self-
healing polymeric elastomers with tunable properties
[ J 1. Advanced Functional 2018, 28
(22) . 1800741.
L Al ] C,

Thermodynamically

Materials,

JIA. X Y, WANG D P, et al
labile
coordination bonds lead to strong and tough self-healing
2019, 10

stable whilst kinetically

polymers [ J ]. Nature Communications,
(1) 1164.
LTI F, SU Y, PI G, et al. Biodegradable, biomimetic

)
i

I;E



%

890 T EAFHRARAKF FIR % 49 %
elastomeric, photoluminescent, and broad-spectrum of PDMS used for flexible and stretchable electronics
antibacterial polycitrate-polypeptide-based membrane [J1.Journal of Physics D: Applied Physics, 2007, 40

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

toward multifunctional biomedical implants [ J]. ACS
Biomaterials Science &. Engineering, 2018, 4 (8);
3027-3035.

SHARMA P,FULEKAR M H,PATHAK B.E-waste-
A challenge for tomorrow [ J ]. Research Journal of
Recent Sciences, 2012,1(3): 86-93.

KUMAR U, SINGH D N. Electronic waste: Concerns
&. hazardous threats [ ]]. International Journal of Current
Engineering and Technology ,2014,4: 802-811.

FU K K,WANG Z.DAI J,et al. Transient electronics:
materials and devices[ J |.Chemistry of Materials,2016,
28(11): 3527-3539.

HWANG S W, TAO H,KIM D H,et al. A physically
transient form of silicon electronics[ ] ]. Science, 2012,
337(6102): 1640-1644.

JUNG Y H,CHANG T H, ZHANG H, et al. High-
flexible
biodegradable cellulose nanofibril paper [ J]. Nature

performance green electronics based on
Communications,2015,6; 7170.

DANIELE M A,KNIGHT A J,ROBERTS S A, et al.
Sweet substrate; A polysaccharide nanocomposite for
conformal electronic decals [ J ]. Advanced Materials,
2015,27(9): 1600-1606.

H WANG S W, LEE C H, CHENG H, et al.
Biodegradable elastomers and silicon nanomembranes/
nanoribbons for stretchable, transient electronics, and
biosensors[ ] ].Nano Letters,2015,15(5); 2801-2808.
ACAR H. CINAR S, THUNGA M, et al. Study of
physically transient insulating materials as a potential
platform for transient electronics and bioelectronics[ ] .
Advanced Functional Materials, 2014, 24 (26 ).
4135-4143.

JIN S H,SHIN J,CHO I T, et al. Solution-processed
single-walled carbon nanotube field effect transistors
and bootstrapped inverters for disintegratable, transient
electronics [ J |. Applied Physics Letters, 2014, 105
(1) 013506.

HWANG S W, SONG J K, HUANG X, et al. High-
performance biodegradable/transient electronics on
biodegradable polymers[J]. Advanced Materials, 2014,
26(23): 3905-3911.

HERNANDEZ H L, KANG S K, LEE O P, et al.
transience of poly
(phthalaldehyde) for transient electronics[J]. Advanced
Materials,2014,26(45): 7637-7642.

G AO Y., ZHANG Y, WANG X, et
triggered physically transient electronics [ J]. Science
Advances,2017,3(9): el1701222.

M ORENT R, DE GEYTER N, AXISA F, et al.

Adhesion enhancement by a dielectric barrier discharge

Triggered metastable

al. Moisture-

[56]

[58]

[59]

[60]

[61]

(23): 7392.

LOVE J C,ESTROFF L A,KRIEBEL ] K,et al.Self-
assembled monolayers of thiolates on metals as a form
of nanotechnology[ J].Chemical Reviews,2005,105(4) .
1103-1170.

YU Y, YAN C, ZHENG Z. Polymer-assisted metal
deposition ( PAMD) .
flexible, stretchable, compressible, and wearable metal
conductors [ J ]. Advanced Materials, 2014, 26 (31).
5508-5516.

LEE H, DELLATORE S M, MILLER W M, et al.
Musselinspired surface chemistry for multifunctional
coatings| J ].Science,2007,318(5849) : 426-430.
BRUBAKER C E, MESSERSMITH P B. The present
and future of biologically inspired adhesive interfaces
and materials[ J |.Langmuir,2012,28(4): 2200-2205.
WILKER ] J. The iron-fortified adhesive system of
marine mussels[ J]. Angewandte Chemie International
Edition,2010,49(44) . 8076-8078.

AKEMI OOKA A, GARRELL R L. Surface-enhanced

Raman

A full-solution strategy for

spectroscopy of DOPA-containing peptides
related to adhesive protein of marine mussel, Mytilus
edulis [ J ]. Biopolymers: Original Research on
Biomolecules,2000,57(2) : 92-102.

B TR, LA A A R R B R
N N B o R e A I S == o e P = o
2018,48(9):1131-1140.

WEI Kai, WANG Tao, WANG Zhiyong, et al. A
bioinspired surface coating approach for enhancing
adhesion and scratch resistance in screen printed
flexible circuits [ J ]. Scientia Sinica Chimica, 2018, 48
(9):1131-1140.

BORGES J,RODRIGUES L C,REIS R L,et al.Layer-
by-layer assembly of light-responsive polymeric
multilayer systems[ J]. Advanced Functional Materials,
2014,24(36): 5624-5648.

D ORING A. BIRNBAUM W, KUCKLING D.
Responsive hydrogels-structurally and dimensionally
optimized smart frameworks for applications in
catalysis, micro-system technology and material science
[J]. Chemical Society Reviews, 2013, 42 (17 ):
7391-7420.

HA M,LIM S,KO H.Wearable and flexible sensors for
user-interactive health-monitoring devices[J].Journal of
Materials Chemistry B,2018,6(24): 4043-4064.
VILELA D,ROMEO A,SANCHEZ S.Flexible sensors
for biomedical technology[J].Lab on a Chip, 2016, 16
(3): 402-408.

P ANG C, KIM T, BAE W G, et al. Bioinspired

reversible interlocker using regularly arrayed high



% 1144 o ht & T A A E M AR BRAT R 891

aspect-ratio polymer fibers [ J]. Advanced Materials,
2012,24(4) . 475-479.

[62] CHOI J H,NO Y S,SO ] P,et al. A high-resolution
strainr-gauge nanolaser [ J ]. Nature Communications,
2016,7: 11569,

[63] KIM D H,LU N, MA R, et al. Epidermal electronics
[J].Science,2011,333(6044);: 838-843.

[64] PANG C,KOO J H,NGUYEN A, et al. Highly skin-

conformal microhairy sensor for pulse signal
amplification [ J ]. Advanced Materials, 2015, 27 (4):
634-640.

[65] MAWAD D, MANSFIELD C, LAUTO A, et al. A
conducting polymer with enhanced electronic stability
applied in cardiac models[J].Science Advances,2016,2
(11): el1601007.

[66] LUO S,LIU T.SWCNT/Graphite Nanoplatelet hybrid
thin films for self~temperature-compensated, highly
sensitive, and extensible piezoresistive sensors [ ] J.
Advanced Materials,2013,25(39): 5650-5657.

[67] AMJADI M, TURAN M, Clementson C P, et al.
Parallel microcracks-based ultrasensitive and highly
stretchable strain sensors[J].ACS Applied Materials &-
Interfaces,2016,8(8): 5618-5626.

[68] ZHAO S,LI J,CAO D, et al. Recent advancements in
flexible and stretchable electrodes for electromechanical
sensors: strategies, materials, and features [ J ]. ACS
Applied Materials & Interfaces, 2017, 9 (14);
12147-12164.

[69] SEKITANI T, NAKAJIMA H, MAEDA H, et al.
Stretchable active-matrix organic light-emitting diode
display using printable elastic conductors [ J]. Nature
Materials,2009,8(6) : 494.

[70] LEE J H, JEONG Y R, LEE G, et al. Highly
conductive, stretchable, and transparent PEDOT; PSS
electrodes fabricated with triblock copolymer additives
and acid treatment [ J ]. ACS Applied Materials &
Interfaces,2018,10(33): 28027-28035.

[71] WANG Y, ZHU C, PFATTNER R, et al. A highly
stretchable, transparent, and conductive polymer[]].
Science Advances,2017,3(3): el602076.

[72] MANNSFELD S C B,TEE B C K,STOLTENBERG R
M, et al. Highly sensitive flexible pressure sensors with
microstructured rubber dielectric layers [ J ]. Nature
Materials,2010,9(10) : 859.

[73J F AN F R, LIN L, ZHU G, et al. Transparent
triboelectric nanogenerators and self-powered pressure
sensors based on micropatterned plastic {ilms[J]. Nano
Letters,2012,12(6): 3109-3114.

[74] WANG X,GU Y,XIONG Z,et al.Silk-molded flexible,

ultrasensitive, and highly stable electronic skin for

monitoring human physiological signals[ ] ]. Advanced
Materials,2014,26(9) . 1336-1342.

[75] PARK J, LEE Y, HONG J, et al. Giant tunneling
piezoresistance  of  composite  elastomers  with
interlocked microdome arrays for ultrasensitive and
multimodal electronic skins[ J].ACS Nano,2014,8(5) :
4689-4697.

[76] K ANG D, PIKHITSA P V, CHOI Y W, et al
Ultrasensitive mechanical crack-based sensor inspired
by the spider sensory system [ J]. Nature, 2014, 516
(7530) . 222.

[77] LIU X,LU C,WU X,et al.Self-healing strain sensors
based on nanostructured supramolecular conductive
elastomers[ J].Journal of Materials Chemistry A,2017,
5(20): 9824-9832.

[78] WHITE S R,SOTTOS N R,GEUBELLE P H,et al.
Autonomic healing of polymer composites[ ] ]. Nature,
2001,409(6822) . 794.

[79] Y ANG Y, URBAN M W. Self-healing polymeric
materials[ ] ]. Chemical Society Reviews,2013,42(17):
7446-7467.

[80] K ANG J, TOK J B, BAO Z. Self-healing soft
electronics[ J |.Nature Electronics,2019,2:144-150.

[81] CHU K, SONG B G, YANG H 1, et al. Smart
passivation materials with a liquid metal microcapsule
as self-healing conductors for sustainable and flexible
perovskite solar cells [ J ]. Advanced Functional
Materials,2018,28(22) . 1800110.

[82] BLAISZIK B J, KRAMER S L. B,GRADY M E,et al.
Autonomic restoration of electrical conductivity [ J ].
Advanced Materials,2012,24(3): 398-401.

[83] KANG J, SON D, WANG G J N, et al. Tough and
water-insensitive self-healing elastomer for robust
electronic skin [ J ]. Advanced Materials, 2018, 30
(13): 1706846.

[84] SON D,KANG J,VARDOULIS O,et al. An integrated
self-healable electronic skin system fabricated via
dynamic reconstruction of a nanostructured conducting
network [ J ]. Nature Nanotechnology, 2018, 13
(11): 1057.

[85] TEE B C K,WANG C,ALLEN R,et al. An electrically
and mechanically self-healing composite with pressure-
and flexionsensitive properties for electronic skin
applications [ J ]. Nature Nanotechnology, 2012, 7
(12). 825.

[86] WANG T,ZHANG Y.LIU Q. et al. A self-healable,
highly stretchable, and solution processable conductive
polymer composite for ultrasensitive strain and
pressure sensing | J |. Advanced Functional Materials,
2018,28(7): 1705551,

)
i

I;E



