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Organic field-effect transistors (OFETspased on organic N N
9 ( p 9 F30-©—<:SI§5—©-CF3 F3c—©—('g‘)—<'81[2>—(\f,7—©—cn=3
1 2

semiconductors have attracted much attention for applications, such

as flexible displays, low-cost electronic papers, and smart memory/

sensor elements. There are many hole-transportin -type) semi- _._@4/_\)_._ Sy NyS_ s/
conductors, such as pentacéard oIigothiopheEe%Ho%v(epver?trze FeC L/ s O CFs M—@—(SIM
numbers of n-type semiconductors are still limited, and the FET 3 TTFZTT
performances are not satisfactdrfhe development of superior
n-type semiconductors is crucial for the fabrication of organicip
junctions, bipolar transistors, and complementary integrated cif@Bits.
Perfluoroalkyl groups have been reported to induce the n-type
semiconducting behavior in the thiophene oligonfeFs. develop
n-type semiconductors, we have used a trifluoromethylphenyl group

since it can be easily introduced melec'_[ronlc systems. On the dichloromethané.The differential pulse voltammogram (DPV) of
other hand, planar molecules are considered to be favorable for

large transfer integral between molecules and less reorganization2 exhibited two oxidation peakst{l.28 V, +1.55 V vs SCE) and

LY . . . two reduction peaks—<1.48 V, —1.68 V vs SCE). Both the
energy upon ionization, which are required for high performances _ . . ; . .
b . oxidation and reduction potentials ®fre a little higher than those
of OFETs?” Therefore, we have now designed planar molecules

. ; B . . of TTFZTT (Eox = +1.07 V,Ejeq= —1.54 V,—1.84 V vs SCE).
with trlfluoromethylphe_nyl groppSL s tq achieve h|g|_1 n-type This can be attributed to the electron-withdrawing effect of the
performances. The thiazolothiazole unit was used in a p-type

semiconductor{TFZTT ), where a planar geometry with efficient rifluoromethylphenyl group. Reductlon peaksdf-1.81V, . 1.93
. . . V vs SCE) are negatively shifted compared to thaR @wing to
intermolecular interactions was observetihe use of the hetero- - : .

- . the absence of the thiazolothiazole unit. The HOMQMO
cycle was also expected to enhance the electron affinity owing to ener aps obtained from the redox peaks are 2.61 eV for
its electron-withdrawing property. We report herein the synthesis 9y _gap P

L "TTFZTT , 2.71 eV for2, 3.04 eV for3, and 3.39 eV forl, whose
characterization, and structureslef3. The OFETs based on them order is consistent with the result from the end absorptions.

gi\éteoffi?ecgrn;;;ﬁ:;diwz:l: their performances as n-type semicon- The sir?gle crystals of—3 were obtained b_y slow sublima_tion.
Thiazolothiazole derivativ.eS and2 were easily prepared in 54 To |nyestlgate j[he moleculgr structures and intermolecular |nter_ac-
and 18% yields, respectively, by one-step reaction of the corre- tions in the solid state, their X-ray structure analyses were carried
ding aldehydes with dithiooxamide. Bithiophene derivagive Ut All Of the molecules have a nearly planar geometry. Two

sponding aideny . L op . thiophene rings oR and 3 take an all-trans conformation. Their
was obtained by the Suzuki coupling reac.tlon.of 2,6-d|bromo- crystal structures are shown in Figure 1. It should be noted here

bithiophene and 4-trifluoromethylphenylboronic acid with Pd¢Ph that the thiazolothiazole derivativé®nd2 have stacking structures,

in refluxing toluene in 58% yield. They were purified by sublima- whereas the bithiophene derivati®&as herringbone packing. Thus,

thn, and the structures_ were determined by the spectral_ data alothe thiazolothiazole derivative has a stacking structure with two
with elemental analysis and X-ray crystallography. Differential kinds of columns, which grow in nearly orthogonal directions. The

scanning calorimetry (DSC) measurementslafhowed distinct compound2 also forms a columnar structure with separation of

_crystal-_to-llqun_j_ crystal (LC) transition at 214C and LC-to- 3.53 A between the stacked molecules. An intermolecular short
|sotro_p|c transition at ZQYC' On the other hand, DSC @fand3 S-S contact of 3.25 A is observed between the S1 and S2 atoms
exhibited a sharp melting endotherm peak at 298 and Z51 of the thiazolothiazole ring. The columns @f are uniformly

respectively. arran ] . C
. ged to afford a sheetlike structure along withdfeis with
The HOMO-LUMO energy gaps obtained from the end absorp- a distance of 22.1 A. In contrast, as shown in Figure 1b, the

tions are 2.37 eV fol TFZTT , 2.48 eV for2, 2.77 eV for3, and
3.06 eV forl. The lower energy gaps observedlifFZTT and?2

can be attributed to the intramolecular charge transfer from the
thiophenes to the thiazolothiazole unit.

Interestingly,1—3 exhibited strong photoluminescence in the
solid state {max 1, 481 nm;2, 554 nm;3, 546 nm). The emission
maxima are observed at longer wavelengths than those in solution
(67—87 nm red-shift), indicating the presence of strong intermo-
lecular interactions in the solid state.

The electrochemical measurementslef3 were performed in

bithiophene derivativ® has herringbone packing with a tilt angle
of ca. 66, like usual oligothiophenesThis result indicates that
the introduction of the thiazolothiazole unit is effective to form
stacking structures leading to efficient intermolecutarr interac-

tions.
T Tokyo Institute of Technology. : . : . .
£ Institute for Molecular Science. The FET devices were f_abrlcated with Fop contact conflgg_ratlon.
§NHK Science and Technical Research Laboratories. Gold electrodes were defined after semiconductor deposition (50
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Figure 1. X-ray structure of2 and 3. (a) Stacking structure d? along
with the a-axis. (b) Herringbone packing &
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Figure 2. (a) Drain currentl() versus drain voltage/) characteristics as
a function of gate voltageVg) for OFET of 2 (Tsup = 50 °C). (b) I and
1442 versusVy plots atVyq = 50 V for the same device. The field-effect
mobility calculated in the saturation regime is 0.30%8/s.

Table 1. Field-Effect Characteristics of Films 1—3 Deposited at
Various Temperatures

compound Tu (°C) mobility (cm?/Vs) on/off ratio threshold (V)
1 25 not observed
2 25 0.12 4x 1P +55
50 0.30 1x 108 +60
100 0.26 1x 10° +57
3 25 0.07 1x 10° +78
50 0.18 3x 1P +76

nm) by using shadow masks with W/L of 1.0 mm/100, 75, or 50
um. The SiQ gate dielectric was 200 nm thick. The FET

measurements were carried out at room temperature in a vacuum @

chamber (10° Pa) without exposure to air using a semiconductor
parameter analyzer. Althoudhdid not show FET characteristics,

2 and 3 exhibited high n-type performances. Figure 2 shows the
drain currentl() versus drain voltage/) characteristics for a FET
device using? deposited at 50C. The electron mobilities of the
film 2 calculated in the saturation regime were found to be .12
0.30 cn?#/Vs depending on the substrate temperature, as shown in
Table 1. The mobilities are in a class with the highest values
reported so faf. The on/off ratios were high values of 301CF.

The thiophene derivativ8 also showed high n-type FET perfor-
mances. The mobility of 0.18 citv's at 50°C is much higher than
that of a perfluorooctylphenylbithiophene derivative recently
reported® indicating the very effective nature of the trifluoro-
methylphenyl group. The fact th@tshowed the highest mobility
may be related to ther-stacking structure leading to stronger
intermolecular interaction¥. The threshold voltage df is ca. 20

V lower than that of3. This is attributed to the higher electron
affinity of 2 as revealed by the DPV measurements. These findings
indicate advantages of the thiazolothiazole unit to obtain high
performance n-type OFETSs.

The films of 1—-3 deposited on Si@Si substrates were inves-
tigated by X-ray diffraction in reflection mode. Sharp reflections
up to the second or third order are observed, indicating formation
of lamellar ordering and crystallinity on the substrate. @fspacing
of 2 obtained from the first reflection peak 2= 4.21) is 2.39
nm. Since the molecular length dbbtained from the single-crystal
X-ray analysis is 2.41 nm, the molecule ®fs considered to be
almost perpendicular on the substrate. This is an ideal molecular
arrangement for charge transport. On the other handi-gpacing
of 3 obtained from the first reflection peak{2= 4.21) is 1.85
nm, and the molecular length is 1.93 nm, indicating that the
molecule of3 has ca. 16declining orientation on the substrate. In
contrast, the film ofl showed almost no reflection peak, suggesting
disorder orientation on the Si/SjGubstrate, which may be a reason
for the no FET performance.

In summary, we have developed nawelectronic systems with
trifluoromethylphenyl groups which were easily introduced using
the Suzuki coupling reaction. Some FET devices based on them
showed excellent n-type performances with high electron mobilities.
The trifluoromethylphenyl group was found to be very effective in
inducing n-type behavior. The thiazolothiazole unit was favorable
for forming stacking structures leading to efficient intermolecular
m—o interactions.
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