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Recent high performances of organic field-effect transistors Scheme 1. Synthesis of 2,6-Diphenylbenzodichalcogenophenes

(OFETs) have been accomplished from two approaches: the P 1) tBuLi

improvement of device fabrication techniques, as represented by Br Ref.11 Br Z §§ ﬁzo 1:X=S, 50%
pentacene-based OFETand the development of new molecular \©\ — T nXoSeTaw
semiconductors for active OFET materiaSuch materials exhibit- o Ph Z o '

ing high performances are mainly composed of thiophene-compris- 4

ing molecules, such as oligothiopheridkijenylene-phenylene co- )

oligomers? thienylene-vinylene co-oligomer8and fused thiophene ©01) ® .

aromatics. From the theoretical point of view, it is pointed out & %
that transfer integral between neighboring molecules is the basic S ‘.sié-: # ?"i;..
parameter to determine field-effect mobilitieéccording to this § _,,_.,tf-" R *
guideline, one may naturally expect that high-performance OFET z # {fr\;‘ 3 ?Ea
materials can be developed by replacement of sulfur atoms in the g P - ‘i&
thiophene-comprising molecules with heavy chalcogen atoms such _.gf.'éfh _ s}!r :

as selenium and tellurium with enhanced overlap integrals. How- J 02 i o0 é é%‘ LA
ever, selenophene- and tellurophene-comprising organic semicon- e T E "i;-?

ductors have not been reported thus far. Very recently, we reported 2/ degree
OFETSs using quaterselenophene as an active layer, which showedsigure 2. (A) XRD pattern of an evaporated thin film @f(Tsup= 60 °C).
a relatively high mobility (3.6x 1073 cn? V! s71) comparable (B) Packing diagram o2 viewed alonga-axis in a bulk single crystal.

with that of quaterth_iophen‘énge we report a new,pr.ototypical of the films reveals highly ordered structures for all the cases. Figure
class of FET materials, 2_,6-d|phenylbenz_o[b;2;5b]dlchalco- 2A shows an X-ray diffraction of the film o deposited at 60C.
genophenesi-3), and their remarkably high FET performances A series of sharply resolved peaks assignable to multipl¢) (00

(Figure 1). reflections can be seen, and from the first-layer line, the monolayer
X A 1:X=§, DPh-BDT thickness is determined to be ca. 18.0 A. This value corresponds
O \ v O § i;%v’ ggﬂ_’ggﬁe well to .the molepu!ar .Ien.gth o determined by X-ray cr.ystal-.
lographic analysis, indicating nearly perfect orthogonal orientation

of molecules onto the substrate. Comparing the monolayer thickness

. . in the thin film and the lattice parameter determined by the single-
The conventional methods for the synthesis of benzdji42- crystal X-ray analysis, one can notice a similarity between these

b’]dithiophenes using thiophene derivatives as ke_y starting meﬁ@?i_als two; thea-axis in the unit cell (36.83 A) is just twice that of the
are unlikely to be a_ppllcable to the selenium and tellurium monolayer thickness, implying that the molecular assembly in the
hqmplogues. Alternatlvely, we have su?cgssfully developed an ,;p, fijm js basically the same as that in bulk crystals. Figure 2B
efflqent synthetic m_ethod of benzo[11;24,5b]dlchalcogenopheljes, shows a crystal packing & projected along the crystallographic
which can be applicable to all the chalcogen seribsa()._Thls a-axis direction, which corresponds to the molecular long axis of
method takes adyantage of dogble heterocycle formgtlon on the2_ The crystal packing of is classified into a herringbone-type,
centrgl benzene ring, as shown in Schgn%é'l]hus, 1,4-dibromo- reminiscent of the crystal structure of pentadéaad sexithipherié
2_,5-b|s(phenylethyqyl)benzenm)( readily 1prepared from 14 showing high FET mobilities. Although the single-crystal structures
d|bror_nobenzene via a twc_>-_step conversibowas treated with of 1 and3 were not elucidated, we assume that they take similar
t-BuLi followed by an addition of powdery chalcogen (sulfur,  yin fim structures as seen f@r because the monolayer thicknesses

selenium, or tellurium) to givd—3 in moderate to good vyields. of 1(17.9 A) and3 (18.5 A) determined by X-ray diffractions are
These new compounds were purified by vacuum sublimation to similar to that of2

give y_eIIow powd_er or fi_ne crystals. Ther_mal properties_,lefS Field-effect transistors were made in a top contact device
investigated by differential scanning calorimetry (DSC)Ilndlcated configurationt415 All the compounds performed as gopetype
that t_h_e preseﬂt con?pounds art_e_thermally stable: nelth:er Phase ansistors. As a representative, Figure 3 shows the drain-source
trans!tlo_n nor thermal decompos_ltlon was_o_bservz_a_d up t0°€50 current (ps) characteristics with different voltage¥d) for a FET

Thin films of 1—3 can be deposited on oxidized silicon substrates device using deposited at 60C. It demonstrates a typical FET
by thermal evaporation under vacuum. The X-ray diffraction (XRD) responselps scales up with increasings. The FET mobility

* Graduate School of Engineering. calculated using thés in the saturation regions is 0.17 &1

* Faculty of Integrated Arts and Sciences. s~1, and the on/off ratio of thé&ys betweenvg of 0 and—100 V is

Figure 1. Molecular structures of 2,6-diphenylbenzo[h25+']dichal-
cogenophenes.
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