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Recent Progress of Semiconductors in Organic Thin-Film Transistors

Ma, Feng Wang, Shirong Guo, Junjie Li, Xianggao™

(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072)

Abstract Organic thin-film transistors (OTFTs) show an optimistic foreground for the application in active display, sensors
and logic circuits because of their simple fabrication process, low cost and good flexibility etc. Practical transistors require
high mobility, large on/off ratio, low threshold voltage and high stability. The organic semiconductor is the main component of
OTFTs and plays a key role on these performance parameters. Here the structure and operation modes of OTFTs are intro-
duced, and then the current progress of semiconductors used in OTFTs by classing the semiconductors as p-channel, n-channel
and bipole based on the type of the charge carriers transported in semiconductor layer is summarized in detail. Finally, the

prospects and challenge for organic semiconductors are also discussed.
Keywords organic thin-film transistors; organic semiconductor; field-effect; mobility; channel
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Figure 1 Schematic representation of four different thin-film
transistors structures
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Figure 2 Schematic of p- and n-channel thin-film transistors
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Table 1 Summary of the OTFTs performance of some representative molecular p-channel semiconductors

Semiconductors w/[em*e(Ves) '] Lo/ Lo Semiconductors w/[em*e(Ves) '] Lo/ Lot
p5t*l 1.50 108 2,9-C1o-DNTT 10 —
P5(PVP-CP)?" 3.00 10° Compound 112 0.01 10°
pst2! 5.00 — Compound 2+ 1.5 10
p5i#3! 1.57 — DS-4TH! 0.10 10°
P5-Precursort® 0.2 10° CupPcl” 1.00 10*
P5-Precursor’” 0.068 10° ZnPcl? 0.32 —
Rubrene (PMMA )" 1.5~2.0 1.2~20 PtOETPY 10°~10"* 10*~10°
Rubrene®”! 0.70 10° Tetrabenzoporphyrin!>*! 1072 —
6T 0.002 — Tetra-phenyl porphyrin®®  0.007~0.012 —
BDTE! 0.04 — Cyclo[8]pyrrole®” 0.68 104
TDTEY 0.05 108 8T8 0.33 —
DPh-BDXP"! 0.17 — DH-4TP! 0.06 10°
DPh-BTBTF® 2.00 107 DH-6TF"6% 0.50 10*

3,10-C,;o-DNTT?” 8.0 —
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Figure 3 Lattice parameters of crystalline pentacene
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Figure 4 Molecular structure and packing behavior of rubrene
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Figure 6 Packing diagram of copper phthalocyanine unit cell
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HAREFMEMBE, SN BRIALT 1S
ems(Ves) !, JFKELIA 10°.

TR EARRERIR AW 3 02 T B F ey
Sirringhaus 25005 K] F8T2 2 HLAT 17 41 B9 5 1 B 1)
LY R AW Ak, nT R SR T B OB A 2% 2 F,
HATRRIL 0.02 cm’(Ves) !, JFKEEEA 10°. B, Kim

CSH17 CaH17
I\ s. /N s . N s A\ S_ |« . 7\ S |«
s\ s\ /), S N/ s A\ /) Q'O s” N\,

CeH13
P3HT

CeH13

CgHy7 CgHir i/Cus

CgH17 m S
* S *
QO ® \jn ) /S\ /S\ /S\ \S/n*

Ts6T2

F8Se2

PQT-12

CioHzs

F8T2

P(DPP-alt-DTBSe)

Scheme 9
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®2 My p WEAHRED:-SUEMEI ARS8
Table 2 Summary of the OTFTs performance of some repre-
sentative polymeric p-channel semiconductors

R3S 0 WIEAE SR SRS TERES
Table 3 Summary of the OTFTs performance of some repre-
sentative n-channel organic semiconductors

Semiconductors wlem®(Ves) 'l I/Lg Semiconductor w/ems(Ves) ] Lo/ Logs
P3HT! 0.10 10° TCNQ®! 1.00 —
PQT-127] 0.14 10’ DCMTE 0.20 10°
PTTT-14(Ny)!"® 0.70 10’ Compound 65 0.18 —
BTT-T!" 0.24 ~10° Cc60! 0.30 —
Compound 3178 1.95 ~10° C60-PCBM"” 1.00X1072 10°
P(DPP-alt-DTBSe)””’ 1.5 10° 84l 0.5X107° 107°
F8T2%" 0.02 10° PTCDI-8PY 1.70 10’
F8Se2l!] 0.012 — PTCDI-13P" 2.10 10°
Ts6T21 0.06 10° PTCDIF-CN,P® 0.64 10*
PCB-R®! 10°~1072  10*~10° NTCDI-g!!% 0.65 108
PTAARY 10°~10"3 — NDI2-DTP!®! 1.5 —
o . s DFH4T! 0.06 10°
5 Se B T BEWNT IR 1) S JUE G T F8Se2, MW DFHCO4T!3] 0.60 107
WL £ T F8Se2 ) OTFTs #efEas /UT % DFPCO4T!*! 0.45 10%
5 0.012 em’(Ves) !, BIEHLE Jy—4.00 V. K T 4755 CuPcF ;™ - 0.11 10°
PREORGEPE, Usta 602075 FST2 HOMERE |, FFR M T Compoundd ' 017 e
Compound 5 0.07 10
Ts6T2, HAEAWIR R I IAE R o*BUIE S5 i MUY TIEDMT!!¥ 0.01-0.16 107~108
o HUE A BAEH B T2 SW0 LUMO Regl, il H,TTDPZ!"!" 72X1074 10*
F-p5t2 0.11 10’

EET Ts6T2 (1) OTFTs #fhaE= 7GRN
0.06 cm?s(Ves)", JFKEE N 5.00X 10°.
3.2 nEBIEEHK

5 p BEHE SR, 0 BT YL SRR R
B FTRMT n B SAAPDRIT AN R R AU,
WAEEE, T HIT R R MM, HEPERe n
AR R B4 p-n G5 RN T ANE L ER AN AT D 6
B, PIHEST i PERER n BYRPRE AT B X

TEANLY AR T g IN BRI T~ 6 1, gsl At
B EEbCEE. JOEE, AR THRTMAREEN, B
LUMO fe%, $Emtkfaett, 28 a et Saarrl
M p BUEEAR B n B — 4 AT R0& 4% Scheme 10 51 H T —
SO L) n VAEA N 2R R 3 FIH T 4 n
B FARFEHE OTFTs FHIPERES %L
3.2.1 ERALAS

TCNQ ZWFFTEE 1) n B R kBl 2 —, 552
T DBTTF Ji, HHFITBEE 107° cm’(Ves) ' $Em 3]
T 1.00 cm?s(Ves) ' ). Chesterfield 2P0 i H1 1 DL SR 198
Wy Sk BERE IR AL 5 DCMT, %> T AR 3L 54T 4 A
A, FAER BRI TR A R LUMO fe Al
WA, 345 H T FTE N FIAR S A vl BE. b S
A I (1 T TR A RIET(B 7), TR R AT
FEEEAY I 0.20 emPe(Ves) ' Al 10°, 242808 IR 8
it 135 CH, A G Y SRV SR PEREE, 705 %
ZHy 1074 cmPe(Ves) !, B TITBEEI/NT 107* cm?
(Ves) |, A TR — AR A XU 1 43 18,
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Zhu ZEEVE R T R SR B SRR 6,
TSR ) 5 IR 3 N A A I B R A #] 0.9
cm’o(Ves) !, HEA RIFRENE, E35hE 12
JGi, BT T 0.18 cm’s(Ves) .

Bl 7 DCMT il AR ]
Figure 7 Packing diagram of DCMT unit cell

322 g ¥ C60 BATAM

C60 7EZ AT, TR MA WA A
MEAER 2 REESLMT, R iR RNl
0.08 cm’(Ves) . B )&, Haddon /NHPOE C60 JTFR 2 Hif
¥ Si0, KA (L EH) LIFALEE, MmTiTB kT
0.30 cm’(Ves) ™. C60 VA% 2RI T JLAEI 8 28
N, V2 BN T AR IR BT T PRI C60 AT
AW SUARERL. Yang 25T A B C60 [E FEAT
A4 PCBM, nl RIS YLl 4 OTFTs g5 F, H1iT
23 ML F] 1.00X 1072 cm?(Ves) . Itaka 2] 2
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BHlLE

F F F F F

F. l !\! ! ! F R—N

F F e} .
F F F F F

PTCDI-8: R = CgHy7
F-PS PTCDI-13: R = Cq3Hy7

0
DFHCO-4T: R = CgFq3
R F
DFPCO-4T: R = %:%F
F F

CN
avava O
. N-R C3F7CH,—N OCO N—CH,CsF;
o o o]
NC

PTCDIF-CN,

R—N O N-R
o} O

NTCDI-8: R = CgHy7
NTCDI-12: R = C12H25
NTCDI-18: R = C18H37

N/ N\ \_N
N /N \
— _CN '\ 74 N AN
- _ N N
CN \ J)NH  N=
N N N N
S=N N—S

H,TTDPz

Scheme 10

(1) FH 2R A by % o |2 7 5 7 39 N A 1 TR 44 % )2
b, BT FRIEF] 4.90 cm’(Ves) ', Anthopoulos %1%
Tl T T C84 MATAEYI[84]PCBM [ OTFTs
BAF, GBS RRERE, TBEEN 050X 1077
cm’e(Ves) .
323 JEAeRABLTL IS
ZEIF(NTCDA)FIFERF(PTCDA) LG n BUF KL,
AT e g by, AR SERE b A i AN [ 45 R (1 25
P MV Ji (NTCDI) A E BE V% (PTCDI) 2R AR EH & AT
F SRR B A5 MR AT AE 2P 5 T GRA A B TE I i
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HL AR RE I S, S A B 1 IR RS 2 AT W 2
e s, HES R A W iR . TR
ANZS G, NN- 4 55-3,4,9,10- 48 P4 58 3L — E 0 i
(DPP) il & TS 28 R % T 85%, 1 N,N'-—(3-9i
RIRHE)-3,4,9,10-F 6 VU F2 KL — 19 W [i (D3IMFPP) il 75 1) 4%
PETBE LN T 40%Z25 47, Malenfant #JF57 /N4
%} PTCDI HIATA4 PTCDI-8 HEAT T 45T, @idAl
IR AT, R4 R 45325 T- PTCDI-8 ¥ OTFTs
[RI3T#  mik 0.60 cm®e(Ves) . Chesterfield 25U % (a-
IR 2 BliAL Si0, #IR, 2R PFIER R AT G L
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IR 1.70 cm?e(Ves) ' #1107, Tatemichi 2P HRiE T 5T
PTCDI-13 ] OTFTs #h, fE£00d 140 “CIUFALL 5 H
I AL 2.10 cm?s(Ves) . Jones 2584 1 T & &0 M
FUEIEIY PTCDIF-CN, #12E4, HoAE v o S A7 TH 6
THIHER, JE T A P 25 1 2 AT AR P 1 F P
R GF A Ve, IR ZEFIT G E 23 il s ik 0.64
cm’s(Ves) ' F1 10%. Facchetti 257 1 o 38 5 izt g 2
I8 H T mBESE B PTCDIF-CN, I, Seff7e 23 )
BT R E T 1 em’(Ves) . An 2548 (1 B FPIESR
1454 PDIL R PDI2 H A& i AT 7 (R AR, 46 ) #
PEAE SR Al TR 1.30 cm’s(Ves) .

Katz 21'UZE NTCDI (¥ N 5t 75| A\l CH,CH,CF;
Ja RIZACA W AT AT s iitE, feg ik o,
i, E2SRMARREEBER KT 0.10 cm’(ves) .
2008 4E, See 251 i 5k K T OTFTs MEAER T
& NTCDI-8, 75N} Si0, #f A FR T, M T %
h 040 cm’e(Ves) !, At RS AR B S HLTIT RS R A
0.65 cm’(Ves) !, BRI ICHLMIER] 10%, IXAELART n B
P SRR IR ARG, BJE, Marder 25U CHE B 431
NTCDI (a5 AJLHOZ5 14 (B4 T NDI2-DTP,
Wk R R S R R R T IE R R IAE 1S
cm’e(Ves) .
324 K RiTAEY

Facchetti 25092 YOk 4 U SR EW Y F - n
R Gpkrp ) RIS T VU SR EM T A S ol TIE R
BAEBLF LM R ik 020 cm?(Ves) !, JT e Eo ik 3
106, A AT T3 38 3ok 76 55 Ty v 5 | N4 R B IR 15 31
&Y DFHAT, HiT B R AT 44 T IE 0.06
cm’e(Ves) 1 Oh B3 IX AR A AR A A P R AR E
Marks ZUOIZE Wy 5 S B IR 51 N BRI, LA Jin %
(W LT RE ), F70 3 W IR AR SR W B A () LT
TR Bk 0.60 cm®(Ves) !, JFREE AT 107, B
AP TR BAEIES] 0.02 cm’(Ves) | {EWBEN)
W5 AL G NREE S T DFPCOAT, MG
FLA RUFII 4 fE, v DB B s A P I 25 i v, R
FH B 723 75 V0 45 1 3 O 28 AF TR IR R GE 045
cm?(Ves) !, FFoEEL KT 1080106,
325 AEIELSY

AR T A A 2 B R E (2K n B OTFTs
MRl Yan 2520 59 ANE OB R AR, #1451 OTFTs
PAEIT A ik 0.11 em®s(Ves) " Li 21T PY 4048 2
G O JEURE AR A T A R R, 1
BN P IR FILF T 0.07 cm’(Ves) !, Nakagawa
AGNO8L 5 5T JRAL I W5 i 4 (Scheme 10), Ji&
T2 S E I Il R RTG53 0.17

hin. J. Org. Chem. 2012, 32, 497~510

© 2012 Chinese Chemical Society & SIOC, CAS

em’e(Ves) ' F1 1107, Di 250 M5 Bt 7 =9 P =28
WEELL &) 5 (Scheme 10), g MEARLF, BT RER A
0.07 cm’(Ves) . Marks 25"V T n B SRR
TIFDMT, HAREFFE EFI gk, J&T TIFDMT
(1) %% 2F (f) oL 7 38 % S RT3 JT 6 EE 2 9] Wik 0.16
em*(Ves DAL 1x10° /G EH 2X 10 % cm’
(Ves) !, TFIREEN 10% Tto ZEMMihI 4 B T s FE A Y
H,TTDPz #ME, JFRF T2 &Y n B AR1TA,
Hil %% H 3 N AR IR N 72X 101
em’(Ves) ', JTFRHR 10%,
3.3 MREEEK

BB AT L AR RL AT [ I A i 2 7 O FL 7 7
Bl T, AT BRI RN A R R 3 T2 A
(Scheme 11). H 2003 SEZE— XA L AR R
MR BT, b S5 5T i Pk A 0 XURR 1 2 S R R 3R
BHIR /D, BJ5E, Anthopoulos 25! BHRIE T C70 AT
YI[70]PCBM [HRURYE, 257 R f T R AT 1072
cm’e(Ves) !, Marks 251105 1 T P-IFDMT4, HA BT
R PER L, 2RISR TR 7GE
BE g 2x107* em®(Ves) !, JFHER 10°. Zhang 25014
N EFEAR T I 12K BRI H JRFA T BB I 1
HKETHED 7, FAF R TR 25k 0.11
0.15 em®(Ves) !, JFIELA 107, 33X K4 Bl Mk E XU
PEA P PR R T — 4 ik 42, Baumgarten
IR UK BT AR SR W0 B A = e P A
P SARM R PPTQT, 465 1132 RN dib A5 1) 25 7 R
HL RS 2051 4 0.028 F10.042 cm?e(Ves) ', Nakayama
A IVOTZE I DU J I 2R Ay 1 BN 1 S P i 0
4 T DC-NAP 2 NC-PEN, T iX PRk &4 &
HH PR R AT SRR P

B - AR R B AT LUR L p BRI n B AL T
WA B A 735, Meijer 270 P3HT (p 2L 44 A
PCBM LRI A B R R, DLZ AR R AEA IR
2, AufEIEL TR, 8 IAR IR S SRR P IE R R
3R 3X 10 AT 7X107% em?e(Ves) !, I HABATTIA K SR
PR SAM B — B8 M. I H 25 K32 50
BAF IR T ER R BK, Hon RS0/ B,
Shkumov 255%F A T e5cdt, Al AT TR I - BEmy T AE WA
p BESRRT PCBM JLIRASEI T XU S 4k, JEH
OTS Kb SiO, %k, Hl& MR i 7R T B
FOPHE 9X 107 AT 4X 1072 em?(Ves) !, Lt Meijer %)
%%ﬁﬁﬁ%%[m,nm.

4 HFHit5RE
BARAT N SUMRHIOPT TS T B, (17
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DC-PEN

CioHazs

O. CN CN
CN CN

DC-NAP

Scheme 11

BVFZ 0BT B o, BRI SAMERZ
o4 p M, n UMD, MAGS TR —; B miTER A
TS SREAATEN - MR =, R 2L 3k
ORI AEEE BN T A, AR ME A FH ¥ 08 R i 4 AR % 2%
P, G A SR AL S o A ALY AR AR
R OTFTs IA-AE—28 )@, {H OTFTs BA . M
B WML, 758 P IR E DA A s
7R TR N AT 5. BB RIARRN, LR
PR I FH I S 0 B R, R AT 52 1k L1 SR 18
— R .
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