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Three-Dimensional Organic Field-Effect Transistor
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High-performance three-dimensional organic field-effect transistors were fabricated with multiple vertical

channels of organic semiconductors. High-mobility and air-stable dinaphtho[2, 3-b: 2, 3'-f] thieno[3, 2-b]thiophene

thin films on a series of horizontally elongated vertical walls maximized the output current to 2.6 A per cm’

area with the application of -10 V for drain-source and -20 V for gate voltages. Carrier mobilities of the organic

semiconductor on the vertical walls are typically 0.30 cm’/V's and the on—off ratio is as high as 10°. The performance

meets requirements for such applications as driving organic light-emitting diodes in active-matrix displays.
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Fig. 1 Schematic (a) overhead and (b) cross-sectional views
of a typical device structure of a planar-type OFET.
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Fig. 2 Schematic (a) overhead and (b) cross-sectional views
of the device structure of the 3D-OFET.
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Fig. 3 SEM images of the 3D-OFET.
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Fig. 4 (a) Transfer and (b) output characteristics of the
3D-OFET on a Si substrate.
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Fig. 5 (a) Flexible 3D-OFET on a plastic substrate and (b)
cross-sectional view of the device structure of (a).
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Fig. 6 (a) Transfer and (b) ouput characteristics of the
3D-OFET on a plastic (PEN) substrate.
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Fig. 7 (a) Formation of electric double layers by ionic
liquid. (b) chemical formula of the used ionic liquid,
1-ethyl-3-methyl-imidazorium bis(trifluoromethyl-
sulfonyl)imid [emiTFSI].
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Fig. 8 (a) Illustration of the cross-sectional structure and (b)
output characteristics of 3D-OFET when gating with
ionic liquid.



KIS FESERARHR B IIZEITRE  No.23, 2009
WOAFUERTH T LIcky, EMAmICER
FREMEKREINSG. /1A ORZIEH 1 om BET
HY, TOIFFITTHNHEBDOBICERDNEKRENS T
W, REEOMNINTEMOERZHRZENTES.
A TlE, Fig. 8 (a) IS/RT K D1IT, 3.1 BT
ERDRIBRIC, EMEHSRZFH U TA A4 ik zdE
AU, 77— Mgtk UTHA Uz, 77— FEmE,
AF VWHARRICELTRIFI NS, b T YRR

T Al U 72 fE 5 Fig. 8(b) 1Rd. 1V LIRDIERIC
INEWEEZNIMLUEEETH>TE, 77—k
RLA VEROERIPEILL TWBE T Ehbh b, H
L, A4 VHADF vy 22 ZARERER X O G
RO SR RS % &, #1.3x107° em’/Vs &,
D LM THREh X B 7454 (3.2 85 ) ICLERTIE
WIEWMETH -7z, Thud, EBEICKOERL
JEREDET + 0 —DMMOFEIC KD, EOKMH
MITOEFLENEEIN TS D EEZENS.
S12lE, R FEHEHENKLOBIFTHEEEAONS
NTPEAREZRAL, BERCEEZIERT S A v
k2 R KIRICTE D LI KB ER B A 5V A 2%
HEHLIEWEEZ TS

6. &

ARERNR T O X 2O jERZEAREES

B SE,  KRBRFALPE SRR e &

W

2]

63

CEZHMNELT, WM TAREZFRL, 2O
AT IS AR EATF v OVEZ ZBIER LU [=
RoLAMN T VAR ZFE L. TORR, Sik
W7 N T2 TO8A AT 2.6 Alem®™ DOHTEWIT K Z WS
YEBEFR L, &\ on/off [t 2.7 x 10° Ol . ZFI LTz,
KBRS E NS VY AZOREDIZDDT LA
2= B MEERRTEDTH D, MKO T
Bho A AMEZTRITAROBA 2T ENTE
BROBEBEBROBRZEBZ T, TnE Tl mElEse
GEBRN S VIR ZNRETES. 51%1F, =J00H
& FICTERR T % n ARG P OSSR Z K D m)
FERT, E5IFy ) 7RG REZ GO S L LI,
Mu AR AR O L, ke ORI TTO KR, =
FMEICIaT 72 & 57 5 1EREM EZ2METd % 2 LDV EE
THBHEEATVS

BEH

1) H . Klauk et al., J. Appl. Phys. 92 (2002) 5259., J. E.
Anthony, et al., J. Am. Chem. Soc., 123 (2001) 9482.

2) M. Uno, Y. Tominari, J. Takeya, Appl. Phys. Lett. 93 (2008)
173301., M. Uno, I. Doi, K. Takimiya, J. Takeya, Appl.
Phys. Lett. 94 (2009) 103307.

3) K. Kudo et al., Thin Solid Films, 331 (1998) 51.

4) J. Panzer and C. D. Frisbie, J. Am. Chem. Soc. 127 (2005)
6960.

5) S. Ono, K. Miwa, S. Seki, J. Takeya, Appl. Phys. Lett. 94

AEAl7E CHRHY - HE S A T LIETEEEA.



