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Printed Organic Transistors with Uniform Electrical Performance
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It is generally known that the improvement of uniformity of electrical performance of printed electronic devices is

a big challenge to be overcome to achieve their practical application. However, it has been hard to achieve both high

electrical performance and high performance uniformity in a number of devices. Here we report on the fabrication

of printed organic thin-film transistor (TFT) arrays with very uniform and high electrical performances. The organic

TFTs were printed on source/drain electrodes using dithieno[2,3-d;2’,3’-d 1benzo[1,2-b;4,5-b"]dithiophene

(DTBDT-C6), as the semiconducting layer, from a semiconductor solution by using a dispensor. By controlling both
the drop volume and the DTBDT-C6 solution area by the printing system, and restricting the flow of DTBDT-C6

solution by the bank and source/drain electrodes, a large single-domain crystalline with good reproducibility grew

along the channels of TFTs. One hundred transistors on a plastic substrate exhibited excellent uniformities in

electrical performances, as well as a high mobility of 1.9 cm®/V-sec. The most notable result was an extraordinary

small standard deviation in the threshold voltage.

1. #

il

TV YTy FEBER N 5 Y Y 24 (OTFT) 53
AZITRKDOENBEDIEEENF ) THREHETH 5,
TN YTy NABERERO F v ) 7B Z O
PSS WEAEZ T 5, TORD, BEE 2 EXv
5L HHNET ML, FBlA RS 5 A
MBI 2RSS 2 LICH 69 [1-4], P5kkE
PIZKE SRS N AL VEBRTZ2ZERTE S0

* 1 KRR TRt
%2 Trvoya PR —i%i S AEE TR -7

W7D % & ZW - HRB A S TE 7= [4-8],
BOEDZETIE, A Y2V y FHIITC/NE ==V
L. 10ecm®*/V-sec A EOEWF v ) 7 B E 2 /R8¢
FEARE AT AEMRET Y VT v F OTFT 7734 X
WEXh T3 [5]. 20X a@AAAREKD
EOWEEEIZTY) Ty FOTFT 27V 77«
27 v A4 [9,10], {&ffif% RFID # 2 [11], v =7 7
Tt v [12-15], 34 F RO EFEAG [16] ©
O BHHAEANELS 2812k 5,
INETTY YTy FOTFT 7354 20O BEE %
) L X232 < ORI TR TE LA, OTFT D&



12 TOSOH Research & Technology Review Vol.59 (2015)

SMREDIES DX D X B 5FEICEL TIJIEE A
EWxhTunany [17,18], OTFT 7734 2 PERELC
B3 KE A6 D EIMFERET A #HEIC L, BlASE
HEVF vV TREETH 5L LT E NI

KEZITEDERD OTFT 7754 2 3 H@& IR X
N5, & SHITFEARAHORY—MH OTFT 7754
ADEXMREEZ LK T 2 T EMHEEI N TN
%, AHEDIZ K DD AT R OSSR SR+ v
V7 REEE RO BIEEESFOREDIX S D& 28K
X3 (58], 2O BFEicH#E X WO RIS
2. OTFT ¥/34 2DV — A/ KL 4 ¥ (S/D) &h
& LTHAZEOSERE (WMAELIE) 2RI T
&7z, OTFT 7754 ZO KT 734 2 g~k
e e = BN} E -3 T p AR ST N R T = I ) = i
W X T UL s 6 v, ISR 754 2 A&

BOTid, ZESEE LB U THIR S M-8k

HHK & R X RERO &5 ARERS S, R
Moy & s b OTFT 7754 Z T E e A A i
ENBES/DEMOIBIRD 7280, KX 5y 5P
KEOERIZEDHELL &%, by Far a2+ TFT
TN 2R OMEPEET S, RIS, g >~ o
DEBES LRGBS S H 2 0EL A -V %
5A %, TNHEBEOZRIR L OHIR T %% fIR$ % Z
&% [19,20], 7V ¥ 7w F OTFT & IZ 0T
HEAZLE, S ) TREE, SERL Y - 4T
o &Y 721 9 v a0 F 24 vl BRAR 25 R
BE (OV), ZLTZIh6DORMEDIE S D EHEHNT
»HHFORIFHBEBLXFESIFONDE L TH D, A
ZETIE, R RE TR S IR T A T E 5
FRECPEARMB Z WS Z L2k 5T, SWLNLT
BIKIE e > & BN EATS7 Y YT v F OTFT
TN AHERT 5 2 L AR,

2. % B

[1] DTBDT-C6 D&
W= IZBATE L = Ik L 7= [21],

[2] OTFT OfEH

(1) ZLx 2 TIVER

JEA125 pmDAK) TFLrFT7aL - (GFA
T 2RV T 4 L LftEL Teonex) 7L F ¥ 7K
& LT\,

(2) RETFBREDOREK

79 —=7HRy 2 ANTIOmML DY ¥ TILEIZKRY
Yo7z /=) (¥Fv—=7LF)yFth, Mw~

25,000) 0.5g & 7oLy Z )3 —)L1—F /) AF)
I—FL2—7x7— b (B bt BERHR) 4.5¢
A 10 IR 5 Z e TR OBk 2g &, 7
0—7HRy 2 ZANTI0mL O Y FILEFIZERY (X5
IV—co—FNLTILTFEER) (VFvY—=TLED v
F. Mn ~432) 05g & 7uv¥L Yy s )a—)L1—%
JAFNIT—FN2 =TT — b (BgR{byel, R
) 4.5g &M A 10 KEFEFR$ 2 2 & TR 6 M-8
20 FIRE TR ONEHE., Lido 7L Tk
WREIZT, 28— —-2HWT Ay a— | Bl
(1,500 rpm) %47 5 72, 150°C X 60 43 D EZLELIZ &
D JEE 100nm OZRER Y L =L 7 = /) — )LD K
WAL 72,

(8) #'— MNEEBDOFRK

AR TIER L =R FEEE . BER T 7 X~ Rl
MREE (Foaf#l, 5298542 —F—PC
-300) AW CERET 7 2~ (100w, 1450H) TR
L7=tk. $F /K4 v oKW (DIC #E#¢, JAGLT
-01) #10plOAH— 1) vy PVEHNWZA Y2V b
WiE (L7 4 L4 Dimatix 1%, DMP-2831, 2 7 —
VR 30°C) 12T, W FRERE 60 4 m TREEIL, T
PN — (T ARy ZAEEL H-2210 W 30°C,
P 95% RH) T 30 7 [Elzh: & 7=, 140°C X 60
Sy d % 2 & TIF A 100nm, ARIE 400 4 m D —
5 TR | 2 A O

(4) 75— MEREDRK

vruuavRsFy )Ly (@t dix-C) (5
—Abpktt) 09g & K3 -4 (HA/SY L v AEBI
PDS2010) 1Z2C, ks — FEMEFR L7 L+
VTR FICE22 254 5 Z & CHEJE 550nm D K
) (o xR YL y) OF — MR A K L
7z

(5) V=R KL A U EBEOFK

D 7 — MR EICERS R4 vy V)R
bkt NPS-JL) & .4 v 2V x v bEE (BT 4
JU 2 Dimatix #1451, DMP-2831. % 7 — Y& 50°C)
% O T TR 60 2 m T L 2%, 120°C X 60
SRS A Z L TF Y AR 4 m. F v RILIE
1100 p m DY —Z - FL A VEMEFEL 72,

(6) V=R« KL A BIBIER

Loy —2 - P4 vEREERLEZTVFOT
LM ANy 2T LFaxXy Py Fir—I)L (Vv —
TILERY vF) &2—7ar8/ — (HeMsET3)
EAbEE (5 mM) 123 7BIRIE L 21k, Hh
EHBZELTY—Z - FLA VEMBHIZT- 72,



o — e

(7) FREEEDORIK

Lk —2 - FL A vERBHiAITS7-T7LFY
TOHM A 30°CIZIR B, 2D Ric@wt : 770 v
(F 2R A8 AF1600) %7 « ZAX Vv —%E (K
Ly =7 B REGEE 20mm /sec, MY
J£ 7 kPa, / Z)LiRIE 30°C) 12 CHEM L 221%, K&H
T10 sy x5 Z & T, JE X 200nm. H#ifE 300
xm, N LImm X 256mm DY —Z - F L4 VEMR
% P > bRk kg A R L 72

(8) ARIBHRBORKREFREFENT T X 2DIER
225 F 10mL % v LI, Py 3.0g. KU
DTBDT-C6 30mg % A . 50°CIZINZEL LU TiAffE < &
% Z & THBEL - ARERE IR AR . T 4 2
Ny =%l (KT =70 v o8 fhE s
20mm / sec. - HE 1kPa, / XL 30°C) & FW T,
R TERIL 22BEEERE (30°CIZPRAEE) PSP L. W2
BrEE2 e THRPEREE RS, Aoy —
=R baravas VIOEEER N 70V 2 4 &1
B 72,

(3] 85 - BRMEONE
PSS K= 2 =T F 74 F (= AL LR,
4200—SCS) EHWT, fERUZZG8EEL 72 02
DESXIINEE F LA VEE (Vd=-20V) T, 7' —
EaF (Vg) % +10 ~-20 VETO5VHIATERL,
[REPIEO 217> 7. % v ) 7 BN 19’/
V-sec, U ZWMHEETEIX-0.16V, EimA ~ -4 7 i3 2.9
X 10° Th -7z,

3. # X

[1] Z’U>5F v K OTFT 7/ 1 ZD{EH
7Y v 75y FOTFT /54 2%, KV ZFL v F
74L—1bF (PEN) 7 4 L4 BlicwE 7T 0t 2%
120°CTEB L 72, Fig. 1 3fFRL7=R b &7 — bR
ATV AT FTFT 7354 ZOMIEXTH 5, 7Y

‘ ‘ Dispenser

Parylene-C

PEN substrate

Fig. 1

- Pephrs

Ink]et

CeHis S /
\WQ\CGH13

Inkjet

9559 % (2015) 13
Y7y FOTFT 754 20— 28R T 5720, F
ke LTy FT s [23-d2,3-d] RV
[1,2-b4,5-b'] Y54 7 =~ (DTBDT-C6) % H»
7z [22,23]., DTBDT-C6 i3FE 7 0+ 2 HOHH %
MBO—2TH D, FizichFE L7z — kD
A&Lt[ﬂ]%ﬁ%é%<éf@%%mm&mu
KO L7z, BRRIZOWT, 2FHOHF / Kit A
/7&mwt[ﬂh7»iU£Uv—E%mmﬁﬁ
%ﬁi#éﬂyaabfmwto”ﬁwgi?4z&
VH=REICK DNV 2IZ K o THb IR R
éhéo:hémﬂmﬁm#”§%5@®4/ﬁeg
&N B — VER Oy D IEHE A &2 TREIS T

[2] FERBIE

S/D @MDY LY -C RIZHI & 7z
KEIZ BT, k&AL 4 Y (5100 £ m)
DI T 4 ARV = oA VoD
R S BEHRIZAER U 72, B TIE 10 4« m FEE O X

DNE fE VA VY BARANCERE L 2228, Zhik
-t —FRHRIZEBZEDTHS [25], L —H¥F—

SEMBEIIE L & 0 HAEE 2 L 4 v OJFEAI 60nm L
ThO., BB TS5 4 —2—c [22] ® 30 % E
IZHM 5, F2ERD TFT 77354 2 T, Wi @ dir
SRR DER A S) L ¥ -C RIS E Tz
ZEMHPILz, . S/DEMDHS/8) L Y-C E
IZF X #172 DTBDT-C6 12 DWW Tid, MERERS 7 5
TUA VOREEIRIT 57280, PEAEROM:
RIZF Y INOHRNSHENI-LZ AL, 5T
T VA Y4 X13100 p m ML ETH D, Hi—
KA A4 YOEEAY — Z2-F L 4 VERBOF v %
JVREIR I > TIAD - Tz, WBIROFENE N Y 2
&S/D#EMIZKDHIRE N (Fig. 2). TFT 7734 Z
DF ¥ AN - T, MREPARE L2, F v 25
OB O KRG AFM 12 & 0 FHi L 72, AFM
BroH L 4 VOJE X134 80nm & REEE 6 h.
S/D BiD ) LY -C Eifi IS5 h 7z EE &

DTBDT-C6

Printed OTFT



14 TOSOH Research & Technology Review Vol.59 (2015)

e Bank

o—— Semiconducting

solution

dispensing
direction

Source

—— Solution flow

Fig.2 Crystal growth of printed DTBDT-C6 layer
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