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Figure 1. The absorption and emission spectra of BLB). UV—vis
was measured in dilute chloroform solution. The solution PL was excited
at 390 nm, and the solid-state PL was at 340 nm.
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Organic semiconductors that consist of conjugated oligomers I\ s\ \S i \S/
or polymers are the subject of considerable current research s s

interest, owing to their fundamental optoelectronic properties and 3

their potential applications ranging from photodiotas light-
emitting devices (LED$) and thin film transistors (TFTS).

(benzodithiophene). Here, we report another approach to the

Oligomers of thiophenes, typically the hexamer of thiophene gesign and synthesis of new organic semiconductors for TFT

(sexithiophenep-6T) or its derivatives, have dominated as the
active organic materials for TFT$ and exhibit high field-effect
charge mobility (0.02 cAtV s for a-6T and 0.05 criV s for
o,w-dihexyl-6T, respectively). High on/off ratios up to®ltave

application, using the fused thiophene derivative, dithieno[3,2-
b:2',3-dJthiophene Ra) as a building block. The dimer of the
fused thiopheney,o'-bis(dithieno[3,2p:2',3-d]thiophene) (BDT)

3), was found to have an unusuaistacked structure, a high

been achieved in these systems. Recently, record high mobiIitiesEnobi“ty (up to 0.05 crdV s), and a very high On/Off ratio (up

of 0.3-0.7 cn?/V s have been reported for films of commercially

available pentacene by successfully controlling the morphology

during fabricatior,;® although a lower mobility of 1 to 102
cn?/V s had been previously record&d! The high mobility
has been associated with both thetacking and the macroscopic
highly ordered pentacene films which exhibit essentially “single
crystal like” morphology?? Realizing the importance of-stack-
ing, Katz and co-worketdhave recently successfully synthesized
a new high mobility (0.04 céV s) organic TFT material, bis-
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to 1) in the best present device evaluations.

The building block2'# was prepared from 3-bromothiophene
(1) (Scheme 1). The “dimerization” was carried out through a
coupling reaction of the lithiated monom&b using ferric
acetylacetonate as the oxidative coupling reagfe@DT (3) was
sufficiently soluble in boiling toluene or hot DMF to allow
recrystallization and was slightly soluble in warm THF (2 g/L)
for characterization byH NMR. The microcrystalline powder
thus obtained has a gold-like luster and shows no chemical change
when stored under ambient conditions over several months.

Although the monome2 melts at 67°C, its “dimer” BDT (3)
melts at 316°C, as revealed from hot-stage microscopic observa-
tion under polarized light and differential scanning calorimetry
(DSC) measurement, which implies the presence of very strong
intermolecular interactions. After melting, BDT begins to sublime
and is chemically stable below 35TC, as suggested from
thermogravimetric analysis (TGA) in nitrogen. It sublimed in
vacuo (104to 107 Torr) at 200°C, allowing further purification
to meet the stringent requirement for application in TFTs.

BDT (3) exhibits orange fluorescence in the solid state and a
blue emission when irradiated in dilute solution with UV light.

A HOMO—-LUMO gap of 2.8 eV in dilute chloroform solution
was observed from the absorption edge (440 nm), and a 2.3 eV
energy gap was obtained from the emission peak (547 nm) of a
thin film (Figure 1).

The cyclic voltammetry of a BDT film on Au-coated glass is
shown in Figure 2. A distinct color change from yellewbrown
— yellow was observed upon oxidative sweeping frorr6+0.9
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Figure 2. Cyclic voltammogram of BDT film on Au-coated glass at a
full sweep from 0— +09— 0— —1.7— 0 V at 20 mV/s [0.1 M
EtNBF4in CH3CN as electrolyte, a platinum gauze as counter electrode,
a Ag wire as quasi-reference, and referenced against the Fogox
couple £° = 0.42 V)].

Figure 3. Packing view of a BDT single crystal perpendicular to bre
plane.

— 0V [(vs ferrocene/ferrocenium (Fc/Fj, indicating a quasi-
reversible p-doping (or hole injection) process that is probably
related to the formation of a radical catith.The reduction sweep
showed a reversible n-doping (or electron injection) with no
change in color. The electrochemically determined HOMO
LUMO gap of 2.3 eV is in good agreement with that measured
from the emission spectrum of the film. When the oxidation

potential was larger than 1.2 V, the color changed to dark green,

indicating the possible formation of a dication which is also quite
common for conjugated polyme¥st’
Slow cooling of a saturated solution of BDT in hot toluene
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Figure 4. Source-drain current vs voltage characteristics of BDT TFTs
(top-contact configuration) at different gate voltages. BDT was sublimed
at ca. 200°C onto a substrate maintained at room temperature.

and sourcedrain current [ps) indicate that BDT is a typical
p-type semiconductor (Figure 4). The field-effect mobilities
measured in the saturation regimé§ > Vgs) were 0.02-0.05
cn?/V s for top contact TFTs, which is slightly higher than the
best values recorded for6T and bis(benzodithiophene) TFFs.
Similar mobilities were also achieved for bottom-contact TFTs
in which the BDT film was vacuum-deposited on silicon wafer
substrates at 100C to achieve a better ordered film. Exception-
ally high on/off ratios (up to 18) with sharp turn-on characteristics
comparable to that of amorphous silicon TFTs were achieved (sub-
threshold slop& = 0.6 V/decade) for the bottom-contact TFTs.
The X-ray diffraction data of the sublimed BDT films together
with the device characteristics indicate that the high mobility is
along ther—m stacking direction, and it is presumed that the
mobility is lower along the molecular axi3.

In summary, it is considered that the high mobility and high
on/off ratio for BDT-based TFTs are attributed to the closely
packed face-to-face stacking and the wide HOMQJIMO gap
of the material. We expect that higher mobilities may be possible
for BDT by increasing the granular size of the polycrystalline
film.
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Field-effect measurements were carried out on TFTs using Web access instructions.

vacuum-sublimed BDT3) as the active layer. Top-contact TFTs
and bottom contact TFTs have been fabric&tedistinct field
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