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High-Performance and Light-Emitting n-Type to air. To overcome these disadvantages, we lowered the

Organic Field-Effect Transistors Based on LUMO levels of the semiconductors by using strongly

Dithienylbenzothiadiazole and Related Heterocycles electron-accepting heterocyclic units. For this purpose, 2,1,3-
benzothiadiazole is an attractive heterocycle that has a high
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Organic field-effect transistors (OFETs) have attracted
much attention for electronic applicatiohand even light-
emitting OFETs have recently been developeeor the

progress in this field, development of new organic semicon-  The penzothiadiazole derivativewas prepared by the
ductors are very important. Although a lot of p-type stjlle coupling reaction of 2-(tributylstannyl)-5@ifluo-
semiconductors such as pentacéaes! thiophene oligomets  yomethylphenyl)thiophene with 4,7-dibromo-2,1,3-benzothia-
are reported, the number of n-type ones is still limited and giazole. The benzoselenadiazole derivaghand quinoxaline
the performance is not satisfactory. In the case of light- gerivative3 were similarly obtained from the corresponding
emitting FETs, the number of n-type ones are very few. gibromo compounds. The vields b3 are 19, 12, and 20%,
For the high-performance FETs, high mobilities, high on/ respectively. Differential scanning calorimetry (DSC) mea-
off ratios, low threshold voltages, and high air stability are syrements showed a sharp melting endotherm peak at 254
required. Recently, we have found that thiazolothiadZzatel 257 °C for 1, 260-263 °C for 2, and 293-295 °C for 3.
bithiazol€ derivatives containing trifluoromethylphenyl groups The absoption maxima, emission maxima, fluorescence
exhibit high electron mobilities and high on/off ratios. quantum yields, and differential pulse voltammetry (DPV)
However, they show high threshold voltages and instability gata of 1—3 are summarized in Table 1. The reduction
potentials of five-membered heterocycleand?2 are higher
than that of the quinoxaline derivatig& indicating thatl
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Table 1. Optical and Electrochemical Properties of +-3a

Aabs(NM) (loge) Aem (NM) ()
compd solutiof filmb solutiort  solid® Elef (V) EZef(V) HOMO (eV) LUMO (eV) Eg(eV)
1 256 (4.26), 348 (4.50), 480 (4.45) 330,347,475 616 (0.31) 667 —1.00 —1.52 5.38 3.38 2.00
2 251 (4.14), 355 (4.60), 512 (4.31) 339, 376,544 670(0.17)  735-0.92 —1.46 5.21 3.45 1.76
3 272 (4.31), 351 (4.43), 457 (4.37) 295, 324,452 598 (0.31) 646 —1.16 —1.60 5.34 3.21 2.13

2n CH,Cly. P50 nm thick on a quartz platéIn DMF (0.1M TBAPFs), Pt electrode, scan rate 20 mv!sV vs SCE. The fluorescence quantum yields
were obtained by using 9,10-diphenylanthracehg £ 365 nm,¢: = 0.90 in cyclohexane) as a standard.
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Figure 1. (a) Molecular and (b) crystal structure 2f Zg 10t
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X-ray structure analyses. The molecuk has a little
deformed strucure (Figure 1a) in which the dihedral angles ° !'°°

between the component rings are-516.8’. An important -5 10°° . 2 o o5 - s
feature is that a short contact between the S atom of the vV IV
thiophene ring and the N atom of the selenadiazole ring (b) ¢
(2.9-3.0 A) exists and no disorder caused by the thienyl  o.001 - S0.02
ring rotation is observed. In the crystal structure (Figure 1b), , ,,0, L
the molecule forms a columnar structure in which the average .| 10 015
interplanar distance is 3.40 A. A short heteroatom contact T 8
between the two columns {SSe, 3.62 A) is observed. < _'°"r > |0 01 <
Although the molecular structure 8fis similar to that of2, =" 107t >s
it forms a dimer structure that is packed in a herringbone 107 L 1o, 005
manner (see the Supporting Information). Lo L

FET devices with bottom contact geometry were con- oo . . ‘ . o
structed by vapor-deposition on SiSi substrate. FET 0 20 40 60 80 100
measurements were carried out at room temperature in a VIV

vacuum chamber without exposure to air. All of them showed Figure 2. (a) Output characteristics and (b) transfer characteristidsaf
n-type behavior. The FET characteristics on bottom contact Tsu»= 80 °C on top contact geometry.

device a.-re summarized in Tabl?_ _86 (See the Supportmg Table 2. Field-Effect Transistor Characteristics of 1
Information). The electron mobilities increase at higher
substrate temperatures. The performanckarfd?2 is similar.

Tsun (°C) mobility (cm?V-1s71) on/off threshold (V)

On the other hand, the quinoxaline derivat®ehowed a §3 8:83 ﬁ 12 23
little lower mobility. This fact may be attributed to the 80 0.19 1x 10° 3

inefficient intermolecular interaction i as deduced from

the single-crystal X-ray analysis. The filmsbf-3 deposited  threshold voltage is very low (3 V), which is much lower
on the SiQ/Si substrate were investigated by X-ray diffrac- than those of previously reported bis(trifluoromethylphenyl)
tion in the reflection mode (XRD) (see the Supporting substituted semiconductors (58 V)87 The low threshold
Information). The intensity and the number of the peaks Vvoltage is of importance for the appreciations. This may be
increased with an increase in substrate temperatures. Thigelated to the high electron affinity and suitable morphology
finding indicates that the molecules are more highly ordered of 1.

upon higher temperatures. The FET performancé afas Next, light-emitting FET devices based on the semicon-
optimized by fabricating the device with top contact geom- ductorsl—3 were fabricated by using interdigital electrodes
etry, where gold electrodes were defined after 50 nm of of Cr (10 nm)/Au (20 nm) with the W/L of 38 mm/am on
semiconductor deposition by using shadow masks with W/L bottom contact geometry. The thin film dfwas prepared

of 1.0 mm/200, 100, 5am. The SiQ gate insulator was by vapor deposition in a vaccum chamberx110~° Pa) at
200 nm thick and treated with hexamethyldisilazan (HMDS). the substrate temperature of 8C. After deposition, the
The FET measurements were carried out in a high-vacuumdevice was exposed to air to be transferred to another vacuum
chamber (1x 10°° Pa). Figure 2 shows the drain current chamber (1x 102 Pa) equipped with a glass window from
(lg) versus voltage\(y) characteristics for the FET device of  which light emission can be measured with a spectrogram
1. The FET characteristics on top contact geometry at and CCD system. The film was found to have air stability
different substrate temperatures are summarized in Table 2enough for the transfer in air. The device bfshowed
The electron mobility calculated in the saturation regime was emission with a maximum of 661 nm, which is close to the
0.19 cnt V~1stat 80°C. It should be noted here that the fluorescence in the thin film (662 nm). The emission spectra
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In conclusion, we have developed new semiconductors

v
- 100Vg composed of doneracceptor compounds including electron-
g " accepting benzothiadiazole and related heterocycles. The FET
g et 8oV devices based on them showed high n-type performance.
£ a04

Using the benzothiadiazole unit, we found the threshold

) voltage to be greatly reduced to 3 V. The devices showed

SR ongthmm n-type light-emitting FET characteristics, where the emission
intensity was strongly dependent on the gate voltages.

204 60V

Figure 3. LFET spectra depending ow, of the device ofl.
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