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Development of Short-Channel OTFT with High Mobilities and Stability

Takashi FUKUDA
Oku SHINYA
Junghwi LEE
Hiroshi YAMAKAWA
Makoto WATANABE
Masao TANABIKI

Short-channel organic thin-film transistors with high performance and high reliability are widely required. Here
we report a novel organic semiconductor formulation of dithieno[2,3-d;2",3"-d” ]benzo[1,2-b;4,5b "] (DTBDT) and

a planarization material PC300 for solution-processed transistors with an average mobility of 2.6 = 0.3 cm®/Vs

(maximum of 3.0 cm?/Vs) at a channel length of 10 £ .
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Table 1  Surface properties of the planarization films
Planarization Surfaceenergy (mN/m) Roughness
W n (RMS)
PC300 1.2 29.6 308 <1.0nm
C-PVP 112 347 459 <1.0nm
DTBDT
R S S
7 )
54
Cyclo-olefin polymer (COP)
Figure 1

1) Planarization layer

2) S-D electrodes:
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Structure of Tosoh materials ; (a) DTBDT ink formulation; (b) planarization material PC300

3) Self-assembly monolayer:

PC300: Ag sputtering and Spin-coating
Spin-coating and photolithography
UV curing
——1 T /3 T /3
|
!
4) OSC of 5) Dielectric of 6) Gate electrode of
DTBDT ink: Cytop:Spin-coating

Spin-coating

%%E

Figure 2 OTFT fabrication process using Tosoh materials.

52



HY — gL - PR

3. # R

[1] OTFT OERA4FE

OTFT OBEXWFHEII AT FTHIE L 72, T34 X
OBRDRBEHIZ I, FL A VBEHST — B
O A 6 R (1) 2 U CRIAGEE A, 515372, I,
R LA VB, CIRHEMERY 72D OFFERR. V,
37— FEE, Vth ZBEEETH 5.

Cu, W

L=""51

(Vg_ ‘/)‘h)2 (1)

DTBDT 2 COP ZRMU 724 ¥ & % L CHE#
L7z OTFT OZEREM % Fig. 3 (a)lTmd, FRE)E
2.6 = 0.3cm*/Vs (lxA:3.0cm®/Vs)., BEEE (Vy)
-10£01V, ALy ¥ akx—JLF (SS)04£01V
/dec LEOMEREE | BV PEAR LA, 3,
DTBDT 2 COP #{HEM L T4 ¥ 7 & TfE
B 72 OTFT OIZERHEXI % Fig. 3 (b IR 23,
B 11+ 02em’/ Vs, Vy, -0.6 £3.0V.SS1.9 £ 0.6V
/dec LN KELMLTF LA, BAFL 72 COP %k
L 7= DTBDT 4 ¥ 7 X ' PC300 & #lABbH 3
ZET, BORMEE AT 5 OTFT OfERICHIIL 72,

[2] HREOHE
PC300 (= COP #¥RML 7= DTBDT 4 7 % Hw»

107 With COP

1075 |15 devices
1061
107
1081
1071

L=10pm

) VQS=—|10V

0 -5 -10 -15 -20 -25
Gate voltage [V]

Figure 3

3562 % (2018)

TR U 7248 iR o flm e B 1% % Fig. 4 (a) (2
N9, DTBDT I3 TRE  m 128 55 K
ERMEH T VA VB IER L TO D Z e g h
5, — KT, Fig. 4(MIZRTXHIZCOP #E %%
WDTBDT £ v 7 # WA TIE LA V9 4
ZUE P U, 72, dftE & IRuv, Af5RIE. COP
DORMA DTBDT 4 ¥ 7 ORIEED A F, ¥ & O
DTBDT O fSaMEm LIZHF5 L Twa Z 2Rl T
0. OTFT A&, iy —M 2 R84 2 %K T
brLEIONS,

[8] NATF7AAMLRAHE

Fig. 5 (a) & & U'(b) iZ. DTBDT/COP 1 » 7 %
W THESLL 72 OTFT O IE/ N4 7 X 2 b L Ak BR
(PBST) #H X UE/ A 7 Z A b L ZE (NBST) Hif
BOEERMEROZLE T TR T . K5 T Vg,
= +30V T 1 K[l PBST %17 - 7455, & - EIE (1
-V) BEEbENICY T LA, BEIEBS KUV,
DERIZFEAER N 572, 72, V,o = -30
V C 1 8 NBST %47 - 72455, PBST O R [rlkkic
I-VEMERDT2ITY 7 b LA, BEIE, V, 120F
EAEBLL 5Tz, — . FHALE % PC300 O
b0z, C-PVP #HWW=H4A. £10 1-V Hiti
PIHIRRE L IS U CHBE LY 7 M &R Lz, Ldio
T PC300 DAGWER T 1L X — a2+ v ) 7

10_4Without COP
107515 devices

1071

10713 L=10pm

. . Vps=-10V
0 -5 -10 -15 -20 -25
Gate voltage [V]

Transfer characteristics of 15 OTFT using DTBDT ink (a) with COP and (b) without COP

Figure 4

Polarization microscope images of DTBDT crystal thin films (a) with COP and (b) without COP
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(a)PBST (Vg=+30V, RT, 1h)

(b)NBST (Vg=-30V, RT, 1h)
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Figure 5 Transfer characteristics before and after bias stress testing. (a) PBST; (b) NBST.
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