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Abstract: With the rapid development of stretchable and wearable electronic devices, organic semiconductors
have attracted much attention in the research field of stretchable optoelectronic devices due to their designable and
controllable molecular structure, optoelectronic properties, and mechanical stretchability. The core goal of studying
intrinsically stretchable organic semiconductor materials is how to improve their stretchability without sacrificing their
optoelectronic properties. To this end, scholars have developed various strategies, including main chain and side
chain engineering, optimizing molecular weight, as well as blending with elastomers, crosslinking agents, and add-
ing plasticizers. Significant progress has been made in related research results. Organic semiconductors can not only
achieve high stretchability, but also show good stability in repeated stretching/releasing process. However, there is
still a gap in the optoelectronic performance of intrinsically stretchable organic semiconductors compared to non-
stretchable materials. Therefore, more research is needed to reveal the stretching mechanism of organic semiconduc-
tor materials, strategies and methods to improve the optoelectronic performance of organic semiconductor thin films
and related devices. Given the importance of intrinsically stretchable organic semiconductor research and the current chal-

lenges it faces, this article reviews the research progress in improving the tensile properties of organic semiconductor
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materials through molecular structure design and multi-component systems in the past decade, hoping to contribute to

the further development of stretchable organic semiconductors and related optoelectronic devices.

Key words: stretchable organic semiconductors; stretchable optoelectronic devices; wearable electronic devices;

molecular structure design; multi-component strategy
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(a) Regular sequence structure
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2.5 “BRVERK

TEX W B F T EHLE SR T BT
BA )T CMBEE SR TEA PR SRR R
I ALYy 5T Cn AR S 050 1 98 5 45 ) ok Bl
PR ) BRI AR 2 R BT, AT 4R e G i R RE
2.5.1 LHMgkxR

TELAE R LA R B YL E A Z R OLT
R IR AW S R R G YIRS TR
U/ N T B PR s A B SR S W Y ) S PR RE
Bilan, 38 [ 52 A 1k e W 37 K% F A7 TS BE 5
P BA 3 3 B8 SEBS 5 PIHT 19 Ji 2 L ok 4 45
A P AR fiE o T SEBS 78 HY 2 Y I 1
T P3HT, P3HT i 1] T VL3 , SEBS [H 3 i 5K J
RN IE 1 43 BOTE P3HT v 09 9K S7 B85, DT IE i B
A DR 25 48] 1 UM AR 2% o 3 R e 119 RO 45 44 f
15 A W AE P AR B, SEBS A BE % A& 52 K 43 1
A5 PIHT AHAE AN K RUEE | 5 S RAR S5 4, RE 68
P2l PIHT 3 J R 52 58 Ry W A2, TS B T R
G R HLARRL A PE o 7552 S, P3HT 231 6] Y
Y AR A5 RH ELAE 52 e HG L £ A% S M RE L 1T SEBS 1Y
PR REPE 5 P3HT (9 A0 BAE FH A B T AE S fi
i A DR A 20 1 Al R B AR O R RE T R R SR Y
PR

H [ B 2 e A 2 i 5 2 e PO 5 141 BA s T
FH A, 2 AH A IR 52 3000 b M 8 19 07 4, PM6
I SEBS ) 2 i BEAH AL, AR 45 A URH ¥ 7 LB, &
BT T % A BE 9 45 , B AN K 2 EL 28 ) 4 25 4
NE AWM, Y60 T RmERE, &5
HCTE 5 6 W ™ 2% vh O 1) T 20 2% /N o SEBS
LA BEUE 20 A AE PM6 1Y 6 3801 BT S L 9 5
PM6 55 W1 7R o3 45 A7 RORE BT L g, 400 ) 222
ey, AT 4 v 5 G S Y LB RE L 1 B 5%
P
2.5.2 REKA

S IR Al LA R ) 3R 5 W B w3 1 O EE AR
CURGS IR S TF I RS E W L S I AR R A —
PRV S T] AT A A R B L R B W ) 45
A b W B SZER BOTA SRR | O N
MR W B A ALY AR e B, BATTAT DATE 58 A 2k iR
S5 B0 ARG JOm B0 o 0, 38 oM R A
Fréchet""WF 58 I BT % 1 OGS HR IR T REAL AL SR W)
2-bromo-3-(6-bromohexyl) thiophene and 2-bromo-3-

hexylthiophene, il % T 3 Bt /8 T € 4k P3HT-Br:
PCBM iR Y . W OBAZHE Y P3HT-Br 3L 5 ) fE 1%
i 33 6 2 Bk [ S AR S B AR 2 B 1k & A g
A 73 85, DT i 1 R PR g AR M R ) LA
Pt R R PERE R B, 7R MR S S (BHD) #8 14
t, P3HT-Br5 Fll P3HT-Br10 %% 4 89 1 fig W& & T
P3HT #54: , i PAHT-Br20 & 7 (1 D SRR s A T
B o X R W], 38 & 0 OO (i 59% Fi10%) 7E
— TR T 5 e T 11 H T R R B B
M RE L (H ) R TR B A (AN 20% ) AT RE 23 4 PE g
J A TR

ol Hh |, A5 BB 2 R BRI 5 A BACKS
H & RJ I WAL /N> T 2,6-bis(4-azidobenzyl-
idene)cyclohexanone (BAC)/E k22 Bk H. o0 , 38 1 4%
A (29 254 nm) B GF (1 BAC 5 B & ¥ % 7k PM6
KL SEMR I o BAC 3138 33 fk 2% 58 3% B2 72 PM6
AW RS BE T, TP B = 4 58 B 45 454
XA I ) 45 ZE A B T R A W EE s B, 15
T 1 2 TR A 52 3] A1 3 N RE A% B L i AR 5 45 4 o
b, DT BE = T R RL R BILAK 1 BE R AR k. AR
T, 4 38 Bk 591 e 2 et v 8 3 Bk Ao [ i A e, 3 32 17
TS T BOR A W AE 02 3 &% B i B R 6 A5
AR AR, 2% 25 17— 1 0 AR A
2.5.3 ¥#EA

B985 2 — Fh B A2 1 0 2R G Wy b ORL SR B R
AT TSR] AR R AL ) S R A AR
B Yk 2 ), 98 A R TR) A B AR 0, BT
P25 A W HE R 2 shBE ), (54 RHE 32 20 58 T B
WA Gy AR N W 24 4 AR
B DL Y 1 88 0 A HE Triton X (i 7238 ) |
BPE (XU A 540 & 0 fik ) &5 28 — H R i 25 (1
DOP .DBP) Fl# 2 g 25 (40 TCP) 45 o &F XA TR Y
PR RE LR FH 7 R, 8 98 0 A WS 5 b ) K
ZITE 1%~30% Z 1] .

5 [ 1 IR K 2F Park™ 5% 141 DA 76 A AF 0] $57
AU HAE T, o TREA LR EE
(IS-EML) Fil 25 A% i J2 (IS-HTL) i S i d: fiE | 43
STE HL & L AR R AT N T AR B T R
| Triton X /E Ry 8850 . 4> T 4549 B F 98
5 Triton X AR N 1% (R & 2> %0 , Hor T
FY 1 7K 17K 38 03 55 SY 43 8 PEDOT: PSS 73 ¥
FHE AR IR T A 552 1) () S B 44, il
THEE RGBS MAIY . BN, 7E IS-EML |
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Triton X8 /0 T BE W A EAEH R EY
HE A 2 A 1T AR S e TR T A R T LA Y
SRR 250, AT B S T PR MR . 7E IS-HTL
o, Triton X Bj 1 7 PEDOT #1 PSS 22 [6] it 3 4 £,
AAEAEF 5 AR 2 8 8 BT A F T BLARL (e Y
PEDOT & Sl 40 K £F 4 4544 , 2072 T PEDOT i 1Y 1)
G5 NG il CRAY) A8 S 2tk (R A L 325 118
o A% % 4k e AR PP RE

3 KRAET FAR A ALF FARAE B R
b g 5

AAE AT A B TR T ) 95 2% AR iE
AR AR A LG L AR O, rh AT AR G 65 1 2R
RUORA DL RS A DK B RE R A PR B
o F R LG o 2R 2515 AT A T AR
LA A AL S IRTE L SR AR R T
A R R R A7 fi R0 AT 2 SR R AR A TR

VN

Ciipses

s

OTsys;

L3: PIDTBT(0SC)

3.1 FRIEFTHRA YA REE (OFET)

AAE A BL A OFET nf LU I 4k 2% A= 4 ) It
e IS7 3 A OGS BEAE S, O EL i R R
HL O LA 5 e e ) W BN AE T SRR A W
I P L #5 N A5 e EL AT o Y 0 iR

IR ALV R 27 %) 4% 2B 5% 1A BA SR i A
REW TR PIDTBTT AF N UM R i & T 4%
TIE AT L i 45 R SR AL B AS (18] 8) , &8 14 7E 30% )i
A5 R HEAT 2 000 RAGFR RIS , R T R
FeoE ME RN M . YL AR B 0% 3 in 2] 90%
B, il A A5 1) O B EL 90 S AR R A 2 B S 1Y
TR X FE4r R T PIDTBTT (3T JC 5 TE 45+ Al
N S AR R LR B A N AR R X R R 2 R
PE RS {5 . PIDTBTT 2% OFET #§ 14 %F £ Fh < 1A
(4 TMA \NO, . NH, 55 ) & 8t 06 S5 i) e 1o 44 g
HAERFRLACIR TR, LA R LT AR Z 5
FLA T8 AE AS UG FR I % OFET 8 4 ] LU
FH il £ 7 28 S0 L R R T S e A R
B TR B8 W S b AR AR AR .

Dielectric

P8 ACAIE AT ol i A 7 AR A o SRS 4 T s A 4 % R

Fig. 8 Schematic diagram of the fabrication and structure of an intrinsically stretchable transistor type gas sensor

[ R 27 e A 2 BT X 2z B 5 T BA S R T
pyridal[1,2,3]triazole-thiophene co-structure (PTCO)
REW & HA 2 ILY0F 1045 H 71 N-H (N-S Fll F-S
AR H AR EAVE T R G Wk R bR R 65 A
FRODR 25 R SR R Sy RE OO A AR AT TR L
J5 T} AR, 45 17 B AR R B4 19 3T %, 40 PPT-4
M PPT-5 ) iF B S 78 9 b IR 25 43 31 0 0. 20 cm?-
Vs A0 17 em?- V' e s™ 1E 100% A8 R 43 51 [
0.10 em> V' F10. 11 em?- Vs, PEREAR BE
M 50%, 7ETE B P Oy I, PERE T BEW R,
100% FLAR BT F8 R T 2y — Do g, B T H
e S B 7 v RE | 1 45 B9 OFET 2% 44 nT LAY H T
AR TS A R, W AR A A | B
£

]

3.2 ARMEFAMENLZX-HKE(OLED)

g g AR AT A A B R G TR 1 — A 6
7R R )R R 38 B B AR KA
o Y7 7 " IE T AT BA 38 3 K KOG R A W) SuperYel-
low (SY) 5 %5 v 14 R & s (PU) L3R | il & (1
OLED #847F 15 VHELE T A 55 2 7 450 cd - m?[¥)
B K SE R RETE 100% 2 TR 5 &6, B
2 1ok Z2 W PG 38 J5 e B O 45 E I IR 1A 1Y 85%
157 = W S S I SRS 51 7 K o L TN € O R
B2 Be AL 24 B 5 2 e I 5% A1 BA A 3 o R 4y
T 0K &0 - &0 56 (L-SY-PPV) 5 B 7 I i
(PAN)R A BT —Fh 3 20 %< 1 = 4 28 33 40 K
W 2% 25 kg o A AT] R & #9 AR AR W] L A PLEDs
TE AR B Er, BA B AR IS K (6.5 V) Al
A E AL R (2,35 ed- AT, RL R A B 1Y A
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TR (0.69%) o TESLHFREL Hy 25 °C AR BE
H 40%~60% , 1A 2 30% 5}, #% F A7 fE 1 F5 e K
SERE 54% , o OG5 A S Ak g RS Pk

3 [ 2 0 AF K 2 T UL 5T A BA K 32 Tk £k
PEGEIERE 5| A BE HER 9 (TADF) B4 Y £ 5%
BRI IR A T — R A EAT R R A K Y 3R
B . XTI A W AR OR RO BUR DG
(EL)PERERY R0, & 25 48 5 T WP . AEfrfh
AR, SE AT LAY OLED 28 4F 5290 T 3. 3% HY
A FRCR(EQE) ,4. 75 VAR FF S H DL S 75
60% A AF N AR FEEB L 50% [ JF iR EQE FlSE R .
3.3 AIERTRABBENKEERM(OPV)

A HLAC BH RE FEL L B4 905 1 2 S 43 P R A o
PR G YBEA, IF B EAT & B R MIRAS X bt
EA I H for B AL 5 AEURE R AR AL o e 25,
R T 3G R AR A g R N TR
il 25 1R R LA B s AU R 1) A AL A B B FiL 3

A B R 2% A B 5 1A BA BE FH E Wy -t
& -WE WY (TAT) 1 S 290 W7 24 3% B R i it — R %2
A, 38 2o VA 9 % A R R O, BT B P e
B R AR ST T R R L TR G AR HE Sy
T-HE R ff AL o & BT 1 PM6 5O [R] R
BN EY RN = I N s e N S E A

PEXE LB iy ], Horp, R Z K FDY-m-TAT
1) 43 - 435 Ay foff M2 T b A i B AU, 20 T R 0 1
Haog, HAFRSFEKHS PM6 & H B A7 7 b
G258 B R ) R R i PM6: FDY-m-TAT
FETR AR ) 24 S0 IR 0 A8 3K 18, 23% , 38 75 T PM6: Y6
i) 8.50%. AHEAIHLAH OPV H1, T PM6: FDY-m-
TAT 1 & F 9] i PCE 4 14.29%, [ 78 2 20% It
PCE fR+F 80% , ML REPL T2 T PM6: Y6 By 244

KRB R 2% 2 58 A1 53 141 BA G 2o 76 76
JRE B FE R, A4 T 35 4 0 B AR
AE . BF9E N BTG BT T AL XU 3 SR W) PM6-
b-PYSe fF J fik Z {& D18 Fil BTP-eC9 2 [a] ) H [
2 Z IR YRR B RS SO
TR, AR T 0SCs ZE A PERE4R At T3 &
B o LY PM6-b-PYSe 1 1y 8] J2 fiE 0 7 i 52
& BTP-eC9 1912835 , {1k D18/BTP-eCO FL 1R ¥ 1Y
AHG B 05 P 28 U /N ROST 0 A 43 15 45 4 ik
D RRSE A 43 85 300 N T AR v, TR 2 AL
AR AE 9. 67% $E T+ F 17. 69% . il & 1 2% 1F
PCE M 15.37% , %5 3 4 000 ¥R $ 4 J5 475 g 14 15 %)
A PCE [ 80% L) . 261 F16 2 M45 T 36T 4 Fil
LA 5 W () AR AR T 7 A A WL S R ) R AR B 2%
11 PR RE

F1 FASFEMIGITREN TR MERMSFENMERT R
Tab. 1 Performance characteristics of stretchable films and devices based on molecular structure design strategies

AR L 1] AAE ] AL REVHEE  &HF SRR A U2 2%

BT 4 ) RKPIEE Al Fir A i (ER s ik B SCHik
TR FAREE 77% (F47)

JLHEWT SRR T DPP 100% OFET 100% 100 ¥ [25]
’ DRI 48% (R )

JLHEWT A BRSO PYTS 21. 64% oPV / PCE:14. 68% 350 % [68]

JLHa b E FR G HBSPs 100% OFET 100% BRI FE93% 200 % [24]

HEW MR RoC  PDKCD 125% OLED 60% EQE:3.3% 100 7% [64]
B R 60% (F-47)

EIESE i DPP 110% OTFT 100% 100X [22]
’ DRI 74% (R )

A AL 32 1B DPP 100% OFET 100% / 500 7% [27]

=R DPP 100% OFET 100% IR AR 100% 1 000 7% [28]

=R PTzBI-oF : PYIT 59% oprv / LR HE 80% / [31]

= JuILR PM6:PYF-IT: PNDI 110% 0PV / PCE:15.48% 3 000K [70]

=R DPP 100% FET 100% i # AR 99. 8% 800 X [71]
TR AR 74% (P A7)

JUfr it P(DPP-BT) 110% OFET 100% 1 000K [32]
’ D EBEEIFI%(ER)

M4Es| NS #3A  DPP / FET / LA R AR HE 69% / [34]

MBE SIS BRI 25% PLED 25% BRI W E A / [72]
TR R 31%(F4T)

WUl IE A LB 5E - PBDT 100% OFET 100% = . o 1 000 7% [35]

AR AR 35% (T H))
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Tab. 2 The performance characteristics of stretchable films and devices using the “doping” strategy
“Ber ARAERTRL BEWHE BT ON etk HHHM =%
g {44 K} B K g 2 i i g e WEL SCHk
P& SEBS PM6:Y6 100% ISOPDs 100% ¥R .10"” Jones 1000 %K [50]
11k SEBS PM6:PYFT-o0 1000% 0SCs 1000%  PCE: 10% 500 ¥ [73]
21451 731 cd-m™
SP-red .
A SEBS 100% PLED 100% %44 1807 cd-m™ 1000 % [74]
SP-green .PFO
WA 2167 cd-m™
k4 SEBS DPPT-TT 100% TFT 200% TR HAREEF42% 100 % [39]
i1 & SEBS SBSPy-n 806% OLED 54% 3274 ¢cd-m™ / [75]
, RTAER <5V,
P& SEBS PDPP-TT 620% OTFT 100% 1 000 ¥ [76]
FFCE R 10
FYE{R SEBS DPP-DTT 620% ISNVaT 100%  HBIKAEFE: 15 a) 1 000 ¥ [77]
P& PU SY 200% APLED 100% 7450 cd-m™ 100 ¥ [40]
AR BALIT Br P3HT-Br 200% 0SCs 120% T HEFF67% 500 % [51]
ZLHE ¥ BAC PM6:Y6 18% 0SCs 18% A HALHF 64% 1 000 1% [52]
NS T ZAKPYFTVT I PYFTET  PM6 10. 5% 0SCs 10.5% PCE:8.27% 100 & [78]
NG T2 AR MYBO PBET-TF 80% 0SCs 50% PCE:12.93% / [79]
B9 Triton X Sy / OLED 80% 4400 cd-m™ 200 % [53]
395 BPE DPP 77% OFET 77% / / [54]
3.4 RIERRBAEHLKEENE (OPD) fiE. FEATHLA B AEHL I (OPY) J7 Il , PM6: FDY -m-

OPD 7 ] $i7 {1 o, 7 45 It A5 & B0, T
KOG A5 5 0 A B As 5. o B RR B k2 T
T 2 TP 5 A BN Sk 5% 1 I AT RS, B T — Fb
62 T i M BE T 21 A A AE AT hr AT HLOE
T4 (NIR-ISOPDs) . XA IEHEZH RS Y
AR PM6 /N3 T 324K Y6 FI SEBS B L 44 20 %, , H
FH AR LA %5 I BB SEBS S 1A 5 PM6 TE 140
K b7 48 A B TR AR 45 4 4 Y
(51 FRE B A P 43 W05 D ) T sy e . By
il % B NIR-ISOPDs % T SMAE Y616 1 2 , 7 40%
NEAE TN 2207 1000 WALHAE IR 5 , o o i 5 R R
IR B (<10%) WL E PR 5 S5 T i 5
(R S RGP RE . T R OPD HAA AT I 31
UELT A TE T WA R 5 KR 35 ] 100% -

4 BHEHEHZ

A AL SR A AL 32 2 D) A O BT
o T 45 M 2 415y R . il 7E R G W) B8
I ZE M ] B JE AT, AT LA R AR AL R i W | [R] B £
P - Y0 B AR S E L AN, MEE TR, A gl
A ST BB A M B, NG 50 T B8 18] (4 A AR
WA T AR R PEGE . 40K BRI A A B
18 3 - B 4 A R S I e A e 1 DGR TR R o %
T A WL %0 & 7R & (OFET) , 1] 41 , PDPP4T-T-
PA(ID#E OFET &R T ik 9.1 em? Vs Wil &
M JE HAE 100% A2 AT RE PR 45 50% 1Y 1

TAT K Z 15 50% I 28 T 475 68 1& 15 80% 1Y 4] 46 O
ML ROR Y B T A HLE L M, SuperYel-
low 5 B 4 i LR 19 OLED 1 100% 17 78 T 1% fig
R 1 85% MW IR 52 BEW . A T R A RE 2 BT
T, —Ff 8 0T 0 R 1% D TR A A 1Y
B - WL (LIBs), AJ 7E (&5 38 1200% 9 1 28 T AT
SRR LED HEH™, 3 $6M: G 45 br 2 B, A AT hi7
A AL SR LE 52 B R v A BRI ) .
SR, 4 R0 ZE AT T 16 1 P e - e — | K I
WERE AL . ZH0 R E T 500 YR 4G 25
JE PERE B N R S TR Y s AS S A LI AR o8 4
AR 5 e () B AR A5 i i A R P v 22 ) Y
PG i S R e (BN R e
&8, F B BHE R I N AR T 5 e AR s, Ab,
A BT 22 B T — R BE T AR R, il = %
O R PR (U B e B % 3 A ) PR ) 35 T 1
RGEVEAG o X SE Bk R T B IR — 2 (% Lk 5T R
REHTR TN TR T RN RS TR,
B T A TR Z AR AL AT AR AR L K
Py P JEE B R LA TR 285 4 4% DR 3R A D ) il 5 22 ¢
HE L, KRG T E LA % R L P Y AH B
YER, L SEBE 3R G0 46 ORI AR 25 M R 1 $2 71 .
AR W BIE5E T 1) s R AR TR A PR A DL R &
PR B L ARBLED , FF &80 o T B E g, DL Ak
AR FR . LB A AL E B8 ARTE A 4 T
A A] DL HE— 25 48 T A4 R A R A B A HR i 2
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