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Figure 1 (Color online) Transistor structures described in this perspective. (a) The bottom-gate top-contact structure; (b) the bottom-gate bot-

tom-contact structure; (c) the top-gate bottom-contact structure
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Figure 2 (Color online) DPP-based polymer semiconductor materials
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Figure 5 (Color online) PDI-based polymer semiconductor materials
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Figure 6 (Color online) NDI-based polymer semiconductor materials

CIZHZS

LRIFIRF A, 1533580 1 B R B 4 I P35(2.36
cm? Vs,

BARD-ARRAEYM BRI E S AT, |
TEAR Z2 15 70 o (0 W fi Ve DT e R 4 IR 4 4. Kani-
mozhi % A"V 22 G 1l T — FoBn B R A 9 MOk P36,
W3 T H B D-AL5 W, EHA-AZH, H&A AR
5% () DPPEAIT I H2 7E — e, H—1"DPPHLIT L #fn]
PLSIA2AINGE, 78 b i g T 45 Y0 i BE 22 14 )
L, R HH —FP DPP Y 3285 R FH T RE AL 1 — H B,
AT E RO E R A YRR A 455, TR 12 i
) i 4 225 A PRGN 2 AR /0N B XUR P, SR T o TOURM
JEE S Ml A 2RSS R TP A I B K 1 em® V' s HY
WONVERE, SR u T LIAFI3 cm? Vs P32~P3611)
O FEE L IE 7. n R AW SRR R OG5 8
%S0,

2.3 REPEE SRR S YIRRE

TEAT AL B, K p BUA R A n BY A4 R AG SR AE —
AT F p-n 4k B T A FRL B T AT R0 AT P ) BE B 2
M, PR EAERETE. AT R R AR E S KR
SR I, HES RO B RHE A A L E A
LN IB77F S QAT NI ok (S W) (1T SN o S
{ELJE WU P 4 HL A 2 i X AT AL S B B Y RE 9 AT
B 20K, R R RIFEL eVEL A M T
ERUEVAEI G PE AN E 2 I e 28 S S R DN A ey

P30

KU MR R ALy T T AR 245, B T E Y
.

DPPAE Jy—Fp AR 32 1 1) Z AR g, AU AEp AL
P FIRR A YR AR SZ UG, AU R R
AW R BB F R B AR E AR, 2012
4F, LeeE ANOV50 5 U —HEWYy FIJE —WEWY LT 24
K, & BT 2R T DPPHLIT I RS YA KL P37, P38.
LA 2-3 B Tt R M EE R VA S5 A, 7E100°CTR #EAT
B AR BE, i JE A IO fk ) 1 14 25 44 TR A5 2R SR A
Y1 s M5 3 4157, 0.81F11.93, 0.06 cm® V™' 57"
[ 4F, Lin%e AU B T 75 fifi My 2R 25 44 () DPP2&
RA YA RIPI9, SR ik SR, B AR i,
S JEC M T fih 25 42 285 4 0 A5 194 g P e 53 500 A 1.62
F0.14 cm?> Vs,

ZEFID-AR B Y FHEMMEE2 T TN, Leeds
NS T B A YP40a, %5 Y4535 LIDPP
TRV W3 A Ay L7 110 2 R RN 25 1 B0, 3t 25 g ) SR
FABaolf 2l D2 Wy ik, DARE SR A . S BERE S
Tt 45 8 BB 4% /N SR A W 5 i /K R TS =2 TRD Y 2 fil £
{6 3R A WV TR 05 T4 M A RS L, 0k T i E
REWIY BRI — W w B, ] B /N 3R 6 W 3 4 (] 119
m-re AR B, I LS P R R R T 4 e AT AR L
i, HEAERECRTE R, TRRGHET. Rk
BH, ot AN B K 52 T 7 A sk 245 ot D R ey £ i 2
Vi) 2 T A7 110 5 2R o 0 i %) 0 K P 4 2 3R

2179



4 % B & 20154E8H $60% £23#

P36

B 7 (EZERUR () Hoflh n BRSSO bR

Figure 7 (Color online) Other n-type polymer semiconductor materials

MR, (B2 ) — 7 K e R A L & —
TR L RS H A e i 2R . O XRDE I, £4:220C
KA IS, DARE B AT R B v 9 2R G W 3R] Y
n-nEFRIE B IR F3.59 A, 1 DL BE L BEAE R 0 A 1) B
YN R3.74 A Bea, FERSEE TS ZRAEY
()l 5y 3 R3.97F12.20 em? V7' s7l BJE, X —
YT RS e SCBE N B X R A WO PE RE B 52
M, [FIAERSEE 25T, YR A WG 1A 54k R
FBF, ZR A Y (P40b) 1 Z RN M R iR b, AR
Rl 045 He g i 50 59100 88411434 ecm?® V! 71791,

5o, Hans A\ BOE R T ARG IERE b, AT
REYPA1LFIP4A2. 7EDPPH 5] A e-(CyCs) ke 3 £ ,
B2 T RAA WA R ] RS B, 280 e TR
R £5 PAL ) g, R 53 ) 6.2211.59 ¢cm® V7' 57!,
17 388 3 979 Y 000 75 P AL 1) g R e B 25 (EL 0 3 R 12,25
1225 cm® V7' s X O — 7 1 R A PIPALN KL
5 Y Se--- SefE IR T o F I AHEAEN, 59—
I, BARALUMORE K L HoAlh 3R A W 3 A7 F) T HL AR
HL IV TSR A P42 Aok TR T I, TR R
BT AR 5 B RO P ST (1, =8.32 em® V7' 57!, pe=1.26
cm? V! s,

T HTE LT, DPPERIT W I 322 4 4 R Wy PR 25 44

2180

EEHETFARR, E—ERE L&Y 5 DPPHICEZ
B AYAE ST, Sun®E NBUE AL T 2Nk ie B DPPZ 4
(7 5. JCDBPy, ‘& LADPPJy 0 BN 23 391 14 42 17t
WERL, RIS B R DBPy-Me it —TH £ K 0°, I
BT H R pFm e, I Ho2 A BUC B il e B e i
S0 R AT HL 5 40437 DPP 45 A4 BT 1Y) 4% [B) 07 BHL, 3k 4 T
A LERY L. X RSSO, AT
BT — R G B AE R A YA R P43, S A X AR
PEEAWI AL, 373800 5 1o B9 o Al e 53 590 15 512,78
M6.30 cm® V7' 57!, HEEB RN =GR T REW A
A RIS AN, B LUMORE S (—4.33
eV)HAT F T L A A5 3850 AR .

20114F, YuenZs A5 it T % FDPPHIBBTH)
REYIPA4, B00EE KB i 1280 1T 4L, B4
W %) KU PR 1 B8 R B, HE o B e 53 00 R 117 R 132
em? Vs 25, ATTKIH R I BBTESE A B0, [RIR
TEE4EP G ATE HEIN, AR AYIPAS, N T
TN A YR, 78 EREMEWN IR BB AT 24 2-
o TR BN EE . 2855 240°CHE KA BE, AE A SR
T REW M3 30 1.0810.7 em® V7 is™ B 2014
A, YunE BRI A R p LR A Wk R Pdal
WEE—ii 5] A T3, AR EGYP46. Sk PERE



iE R

Wil 5 7F #5254 b RS TR B /)N, M BB T
55 TE MR R BE IK 3023 nmitf, o Fllue 73 513K 50,7491
7em? Vs

20124F, Lei% N G a7 3 T 5 e (i 3 40
REYP47, oL MR il i 07 X, PATIY o, Al e 53
SIEAEI1.85F10.43 cm? V7! s7! XEHNER RS
A BEAR T P47 /Y47 B L 2 HOMO/LUMO #1L i BE &,
[ 52 T R E Yoy F A D1, & TIE
K edge-onfHEFARE L. Cai%e APYLIZE S dE 1 457
-BPD Ry 45t B o0, & T — R 1 R G 1) P48,
FE200 °C 5 FVAR KA PRIS g Fl e 53 30 24 1.245110.82
em® V7' s\ XRDATHEE R R, BAEWHERLE LK
HE %] 7] B} 77 1€ edge-on 1 18] ] | (face-on)2 Fh HE £ 7
3, B A IR U BE T LA I HES B K
JEE I TG MR

AIFFE N 53340 il £ HE L Ath — S 55 44 307 51 100 SOURI 2
REWRRE Fln, HedE N\ POE gt yeleb e 15 19 FE Al
AT R R B AZ AR BT BAL e AT A
SERAERR DR T TR A A L, PR T e,
b At 5 T BB S e SIS (R 4544 (i S ¢ . DPPAg) H A T
KA LUMORE K. £ i 3R A Y P49 550 0wy 14 BE T,
SR FH RS MRS 422 ik 8 28 A1 25 4, 4 9310 DA 4 R4 b T T
e, 78 FLZS Z5 T A5 3R 5 W0 08 o B e 53 5310 R 1.5
0.41 cm® V™' s7'. P37~P49(1) /3 T 45 AN K 8 /s .
MU AE SR A W1 AR AR G5 B L3R S3.

3 CESARA Y LA L R AR TG Tk

B = PR RE 2R 5 -8 SR B 1) AN B Hh BRI 4%
M RAEF AR B FEL, AT TR G W2k AR B R
MR G R B T —E R TR, RE Y S
B AT AL ) R B AR AE3RN IR AR (1) IWEREY
SEHETS 1) B BE N LT AR, DR O A SRR L B T
EREYERA BT AT B E BT LU B x4
R R, EJE— LB Al i R B — E R L 4
FTRSYEERPOE B, 2 LA R AT 1
WA RO AT i, (2) W o 1 1R IS HE n-nE U )
AR ) 5 d, R — b e fr BRBR U e, L 2 T
FHAR 735 B 1 - 1 A WL HE D) B m-mHERR AU BE B (3)
T R G W e S5 05 1) 09 )= TR A B, el TR e
SLHETE AT AR R R R SR SRR, B SR E A Y
{37 BH A 2o R SR (B, DA T BELAS: FL AT A R X
M or NS AT LR R AR 1, — R T 5 R

R R LRI UL 9).

XF IR G W SRR U, BE A A i 0 BE 1A 4%
2 e A R L A i R — BRI, REW
PN FR) 5 (8] VR O B8 LR PR T 58 — 28, DO i 2R
AW 3B 0 A AR R Y o- M- 1E B g, T K R AR
T3 T4y F A S A A ) LA R AR P A
i, B BN SR T NIRRT, REYNS
ML PEREA B AT 3L, IRZ T TARTEA R R B
ﬁE :—‘7,;» T fli . "\J—i [38,39,47,49,87~89J‘ % i& , McCullochi%%_ﬁ
LR VB X XA ) R HEAT T IR AR R, AT AE
S B B TSR AE R A SR AR SR A X, RE Y
AL B & — 20y, iR X TREARSY
SRR HE KA 1 RS ) ALk IE, il
i 3 EAREE U R R 1) BB N AL L TR PR R A
/D B 731 5] PR AT R R AL i, DT AT L S B e i
REWF S RGERIAIT.

QA R P ok i AR A A i A S R e A RE Y
ROV RIS SR EERZP: w5k, BA
FLIE 56 36 70 1 L e 45 4 (O0 W) B sl 325 1 2 ok s 1) 77
TE)H R W) 701 B9 LB IR e, ok, fe gefbr
BT BUIT G A 2R P S BE B B AR T AR
TRE R UEARH A R, A n] sl G ) R o B B - B 1] 7
FRL 7T A2 i T EE RO W T RN LA AR R A ORI,
TS TRREGY 0T, WS Ay
(4731 HE B I B 72 57 T A 1 30 T A PR 467 £ i 7 1)
R AR TR XE A, 328 (] A H R AT T 3K — Ak Y
B WL, BHAETRETERE, O TR s R R
AE, BT T 220 AR 4 53 18] (4 o-ro 3 AR
AT, AL 5 A0 R Yk 6] A A R BR A, BT
PR RGBS RONIERE, XA E R R e
T A e S B HES) . BF 98 & — R AR Jr ik
IR A Y731 A HES.

(i) BITABLM S F2450, 5 245 4.
Moy A SRS HR A, AR 23 388
AWM PERE A7 AE — 2 52w P20 il Sun %
NEUANJE AR R CIE T, W/NR IR 548
[ S T 1 R 1 VA G W s i = O S L TR DB TR o
Yum% APTER G Y R85 h ol AR, B ALy
TNIE--SHE > TR T, [ o 1 F i, 5 1
OrF RHEMHLEL; LeitE NMLZER AW F4EPEIA
R T, BTN RIH-- Pk, e TR, ff
oy F AL EPESE .

2181



4 % B & 20154E8H $60% £23#

CioHy

C8H1 7

Si P40a n=2
9 P40b n=1

CioHyy P44

S N
pas N\ 0 P46 X=H,Y=CN or X=CN,Y=H
CsHyy S—N C,H,s5
frats CioHy, CgH,,
C14H29
N CioHyy

B8 (LR () WU 2R 5 - (b e
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High-mobility polymeric semiconductors

FENG LinLin'"?, GU PengCheng'?, YAO YiFan®, DONG HuanLi'? & HU WenPing’

! Beijing Key Laboratory for Optical Materials and Photonic Devices, Department of Chemistry, Capital Normal University, Beijing 100048,
China;
2 Key Laboratory of Organic Solids, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China

As an important part of organic field-effect transistors (OFETs), organic semiconductor plays an important role on the device
performance. Compared with organic small semiconductors, polymeric semiconductors possess better solution processability and
room-temperature-manufacturing ability, which make them be widely investigated. Since 1970s, significant advances have been
achieved both on the development of high-mobility polymer semiconductors and construction of high-performance polymer FETs
(PFETs). To date, the field-effect mobility of PFETs has been significantly increased from the initial value of 10~ cm® V™'s™" to the
state-of-art value of 36.3 cm? V™' s due to the both advances of developing high-performing polymeric semiconductors and
optimizing device fabrication. Therefore, there have accumulated rich experience on molecular design for high-mobility polymer
semiconductors and new insights of understanding charge transport physics have also been gained from the experiment. With
molecular design as the entry point, this review systematically summarizes the recent progresses on polymeric semiconductors,
including p-type, n-type and ambipolar semiconductors, then try to briefly analyze the nature of charge transport in polymeric
semiconductors and the corresponding optimization processes for high performance PFETs, hopefully providing valuable guideline for
the further scientific works in this field.

polymer, semiconducting materials, high mobility
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