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This paper introduces present state of our novel attempt to apply organic field-effect transistors (OFETSs) to large-area flexible tera-
hertz-wave (THz-wave) sensors utilizing small band-edge fluctuation in organic semiconductors. We found that small random poten-
tial fluctuation always appears at the highest-occupied-molecular-orbital (HOMO) band edge of pentacene thin films and its amplitude
is insensitive to the growth conditions of the pentacene layer and the composition of the substrate. The height of potential barriers in
the fluctuated band is within the range of 1-10 meV, which corresponds to the THz photon energy. According to the modulation-ab-
sorption spectroscopy with OFET structure, holes in pentacene exhibited sufficiently large absorption cross-section in THz range. The
Drude-Lorentz model cannot explain the shape of absorption spectra of the holes accumulated in pentacene. THz-wave electric-field
distribution in OFETs was also calculated using the finite-difference time-domain (FDTD) method to obtain the dependence of sen-

sitivity on frequency and polarization direction.
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Fig.1 (a) HOMO-band-edge profile in a crystalline domain

and (b) histogram of the potential in a pentacene thin film
grown on HMDS-treated SiO,.
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Fig. 2 Relationship between crystallite size estimated from
grazing incidence X-ray diffraction (GIXD) and crystalline
domain size of the pentacene film.
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Fig. 3 Density-of-state function estimated from various ana-
lyses and a carrier-density function at room temperature.
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Fig. 4 Schematic illustration to explain the basic mechanism
of terahertz (THz) wave sensing by an organic field-effect
transistor (OFET).
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Fig. 5 (a) Schematic drawing of optics for terahertz time-
domain spectroscopy (THz-TDS) and (b) structure of the
pentacene field-effect transistor used in this work.
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Fig. 6 (a) THz-wave modulation absorption spectra of a pen-
tacene field-effect transistor (thick line) and a control sample
(thin line) obtained under the same measurement conditions.
Dashed line is a theoretical curve obtained using the Drude
model. Horizontally and vertically hatched areas indicate ab-
sorption by the accumulated electrons in Si and by the holes
in pentacene, respectively. (b) Comparison between output
current of field-effect transistor and THz absorption intensity
integrated from 0.2 to 2.0 THz at each gate bias.
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Fig. 8 (color on line)Propagation of pulsed THz wave in
OFET simulated by FDTD method: (a) x-polarized wave
where the electric field is perpendicular and (b) y-polarized
wave parallel to the source/drain electrode array. Electric-
field distribution along x—z plane is indicated with logarithmic
color scale where wormer color indicates higher strength.
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Fig. 10 THz absorption spectra of various pentacene sam-
ples: (a) powder, (b) 500-nm-thick thin film, and (c) ac-
cumulated holes in pentacene OFET. All spectra were meas-
ured in nitrogen atmosphere.
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THREL SIIIRE TR Th 5. Fig. 10(a) 5 LU (b)iIC ki)
BT 4y T4 VTG A=2iL, anxen, (w,y) = (1.07
x 1013, 2.41x1012), (1.28 x1013, 1.79x1012) I3 LU (wy, y)
=(7.23%x10'2,1.09%x10%2), (1.05x1013,1.00x1012) T&H -
7o wind, THz EUANOIERS ORI T &
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IR & TR & B ZIRE T ARV OE, KA, B
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N7 —ic X AW (Fig. 10(c)) 12>\ i3, Drude &
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COWIR AR FviE, Fig. 3 D X512/ Fimfhmil &
EICEBE SN/ FERAER— VPR L 5OLERTFT VY v )l
ML TW5b EEZOLNS. 5, BRBRINARY FILD
S/N R ERERIEOB & 17 L3472 =T, #lx13 Localiza-
tion Modified Drude Model?> 7x & #§5ik 4% C & CHBATE
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6. &H Y IC

KRaTid, Rvxt v EEicE LT 5 HOMO /N Figd B
XOWE L xOWEEE, 8XU, 20O THz L /IO
FARJEEHEIC DWW T, EIL I NE TICE DN/ B 7 R %
WA L7z, OFET # THz #it v ¥ & L COIABIZEL %72
WBE-7E»0DThY, HEFFATIEEyYE L TOMELYE
W ARTOTH LT =23 BN TW\. 2720, EiR
ToOBy 74 VRHIZE->TxA 78T v FREREOFH N
THz 325, D32 BnbbBRHIND C &R INIHD
TW5b.

Lt DTG DOAERIC k- T OFET & THz Jt v 5 A EB
T, ©OERF VY v VBEREMITEKFEL R\ C &,
7% HUNT, OFET AARBEMICKIE Y B A CERFEETH
LI EMD, RNWTOLATANTT 4 IVAFER ETOR Y
YUy 7 AP AEE LA THAD. THNICE- T,
H—VRICHO TRHLESZ LA TE S KEE THz A
A=V VT TFNNA APEH I NL, flzE, av/Y—15&
BOADOTOEF 2V T 4 F 2 v 7DD THz sk
AWaZERMkD IS0k s LifFShA.
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