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The processing characteristics of organic semiconductors make a
them potentially useful for electronic applications where low-cost, s
large area coverage, and structural flexibility are requirétdarge [s>=< j
carrier mobility is a measure of the quality of organic semiconduc- S S
tors and is a primary factor that determines the performance of s
organic field effect transistors (OFETS). The highest mobilities are s/\t[ >=<D
found in single crystals due to molecular ordering that permits good g
overlapping of ther—a orbitals. A mobility of 1.5 cri/Vs was
reported for pentacerfeand recently a mobility of 8 c#Vs was
reported for rubrengThese organic crystals were grown from the
vapor phase in long and complex experiments. To progress in this
field toward device applications, it is very important to search for
new molecules that are able to act as organic semicondtietiods
also to develop easy methods to grow single crystals or films. In
this communication, we report on the clear observation of field
effect hole mobility in single crystals of the organic semiconductor Figure 1. (a) Molecular structure of TTF and DT-TTF and crystal packing
dithiophene-tetrathiafulvalene (DT-TTF, Figure 1a) grown by drop of DT-TTF. (b) The arrow points at the studied single crystal of DT-TTF
casting, a very simple method. The maximum mobility observed formed on the microfabricated electrodes. The_thi_n crystal_ to _the right of
. the main bridging crystal was broken to avoid its contribution to the
in these crystals was 1.4 éfs.

’ . o measurements.
Tetrathiafulvalene (TTF) and its derivatives are successfully used
as building blocks for charge-transfer salts, giving rise to a multitude 3 g1 A). This crystal packing is reminiscent to the one reported
of organic conductors and superconductors. These conducting saltg,, pentacend:® Similar to pentacene, the tilt angle between two

are prepared mainly as single crystals but also as .thin films of \olecular planes is B4(53 for pentacene). However, the inter-
nanocrystals supported on dielectric polynferSThe driving force  5anar gistance between the molecules along one stack is only 3.56

in the crystallization of the salts is tle-sr stacking, which permits, A for DT-TTF (4.20 A for pentacene), and there exists an effective
together with the S-S interactions, an intermolecular electronic intrastack molecular overlap that is absent in pentacene.

transfer responsible for their transport properties. The transport 51 1TF was synthesized as previously repoHeahd purified
properties of a few sing_le crystqls of neutral TTF deriva_tives have by recrystallization in methylene chloride. A photograph of a DT-
been measured, showing semiconductor character with & room-r7¢ ¢rystal lying across two gold electrodes is shown in Figure
temperature conductivity on the order of 2®/cm8-10 Addition- 1b. The long axis of the crystals was determined to be the
ally, organic thin films of TTF derivatives have been grown by oy qtai0graphic axis; that is, the stacking direction. The electrodes
vacuum deposition techniques, but only their morphology and \yere fapricated by electron beam lithography on a 200-nm thick
nanomechanical properties have been stutfigdowever, TTF oxidized silicon wafer. The electrodes consist of 4 nm of titanium,
derivatives have never been used for the preparation of OFETSacting as a sticking layer, covered by 26 nm of gold. A very simple
despite the fact that they are soluble in various solvents, easily 5 fast method was used to form the crystals: a warm saturated
chemically modified, and good electron donors. solution of DT-TTF in chlorobenzene was poured over the

ST'TTFl 1S T partlgularlydprr(])ml_smg TOIeCUl(: becayse :tf's r'g'd electrodes, and the solvent evaporated at room temperature. This
and completely conjugated, having a low conformational freedom process, known as drop casting, resulted in the formation of long,

that favors stronger intermolecular interactions and, thus, higher thin crystals, some of which connected two of the microfabricated

cErrler mobilities. Cyclic \_/glltammetlry measu_r((jam_ents O_f DT'dTTF gold electrodes. The formation of large regular crystals implies that
show two separate reversible one-electron oxidations Eijthan the molecules are well-ordered within the crystals.

5 ; .

Eléz 0f 0.78 and 3196 v, res?eﬁtlvelﬁl/ (in DMF/0.1 MI TB’II'\E)FS K Figure 2 shows the source-drain currdag, versus the applied
.F)' )I(-raly Stuh'eis rt_evga th at_t % DT-TTF moFe_cu es lztac source-drain voltageVsp, across the two electrodes for different

uniformly along theb axis in a herringbone pattern (Figure 1a). gate voltagesYg, applied to the silicon substrate, which acts as a

Eﬂci\r,\?overt’r:t |sdireen t?%;h_?_rsglfl:r aliomgtz;!sotﬁrolr]wote |n;]e.rﬁct|ons gate. These electrical measurements were performed on the crystal
etween the ditieren ) stacks within the fayer which can g,y jn Figure 1b. The resulting graphs are typical of a p-type

lead to electronic dimensionality enhancird(S--S) = 3.55 and semiconductor biased in the linear regifh@nd are very similar to

 Delft University of Technology. thelprewogs reported ones for pentaceng FEAsa more negative
*Institut de Cimicia de Materials de Barcelona. Vs is applied, more holes are induced in the semiconductor, and

DT-TTF
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Figure 3.

the conductivity increases. The conductantg/dVsp was found

to be a linear function of the gate voltage for 0*\Wg > —25V,

as expected in the linear regime. The mobility was determined by
first calculating the slopeldy/dVsp of the curves for eacNg in

this range and then using the formula

2
_ Mo L
K NepdVe CW

Hereu is the mobility, C the capacitance per unit area of the
gate, andV andL the width and length of the crystal between the
electrodes, respectively. For the crystal shown in FigureWlbs
28 um, L = 310um, andC = 1.7 x 10~ F/n?, giving rise to a
mobility of 1.4 cn#/Vs, which was the maximum mobility achieved.
For all the single crystals investigated, we found mobility values
larger than 0.01 cAfVs. In many cases, the mobility was larger
than 0.1 crVs. All the crystals were very stable for months in
air.

Atomic force microscope measurements indicated that the crystal
in Figure 1b was about 60 nm thick. The conductivity defined as
I spL/(WtVsp) was 102 S/cm forVg = 0 V and 10! S/cm forVg
60 V. Heret is the thickness of the crystal. This is a surprisingly
high value for a neutral organic crystal, indicating the presence of

some unintentional doping or gating due to charge trapped at the

interface!®

The linear and symmetric characteristics of th&/ curves imply
that there is good contact of the crystal to the Au electrodes. For
crystals showing poor overlap with one of the metal contacts,
asymmetricl—V curves were obtained. Density functional (DF)
calculation® show that the HOMO level of the molecule in the
planar conformation is 4.9 eV (4.6 eV for pentacene), which is
close to the work function of gold, at 5.1 €V.

Figure 3 shows thésp as a function ofVg for different bias
voltages. The gate was swept slowly from 060 V and back to

0 Vin 90 s. The gate voltage sweeps are hysteretic probably due
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to trapped charge. If positive charges are trapped on the organic
semiconductor, the effective field effect arising from the negative
gate voltage is diminished. The threshold voltage of this device
(i.e., the gate voltage necessary to suppress the conductivity in the
crystal) is 0.4 V. For positive gate voltages, the current is below
the resolution of our instrumentation of 1 pA. This means that the
ON/OFF ratio is at least % 10 for this device, which is high for

an organic transistor.

Thin polycrystalline film transistors of DT-TTF showing high
mobilities in the range 0.010.1 cn?/Vs were also prepared.
Currently, we are working on the study of the field effect mobility
of other TTF derivatives to gain a better insight of the potential
use of this family of molecules.

In conclusion, we prepared crystals of DT-TTF, which exhibited
one of the highest hole mobilities observed in OFETs of 1.4/cm
Vs. These crystals were prepared using simple room-temperature
drop casting. This is the highest mobility reported for an organic
semiconductor which is not based on pentacene and is of the order
of that of amorphous silicon that is widely used in solar cells and
flat screen displays. The high mobility of DT-TTF combined with
the simple processing required makes it a very good candidate
material for electronic applications where low-cost, large-area
coverage, and flexibility are required.
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