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Abstract. Preparation of highly oriented layers of organic semiconductor - dithienothiophene derivative

is described. The layers were obtained by zone-casting technique - a solution based one step method

that does not require the use of preoriented substrates. Unidirectional alignment of the dithienothiophene

derivative molecules in the zone-cast layers was confirmed by absorption and photoluminescence polarized

spectra. Anisotropy of electrical properties was characterised by means of anisotropy of charge carrier

mobility in field effect transistors (FETs). The FET devices were fabricated in bottom contacts - bottom

gate configuration with the channel lengths parallel and perpendicular to the crystal growth direction,

respectively. The FET mobility determined in the direction parallel to the zone-casting direction is ca. 1

order of magnitude higher than those in the perpendicular direction.

PACS. 78.55.Kz Solid organic materials – 78.66.Qn Polymers; organic compounds – 85.30.Tv Field effect

devices

1 Introduction

The organic field effect transistor performance depends

strongly on two factors: charge carrier delocalization on

the organic semiconducting molecule and position of the

molecules with respect to each other [1]. Most often, crys-
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talline organic semiconductors create low dimensional sys-

tems, where high charge carrier mobility is due to either

1D π − π stacks or 2D transfer integrals. However, single

crystals are difficult to grow and to handle, thus there is

a need to elaborate methods of preparation of large area

anisotropic layers made of oriented quasi-1D long crys-



2 T. Marszalek et al.: Anisotropy of dithienothiophene ordered layers

talline wires. Among methods allowing to prepare such as

ordered structures, these based on solution processes are

highly valued because of their simplicity and low cost [2].

One of them is the so called zone-casting technique [3-

4]. The method consists in continuous deposition of the

solution onto a moving substrate. The driving force of

the molecular alignment is the solute concentration gra-

dient in the meniscus region, where the molecules become

gradually less mobile, and when the critical concentration

is reached they adapt ordered structures. In this paper,

we present study on anisotropy of optical and electrical

properties of highly oriented thin layers of dithienothio-

phene derivative - 2,6-bis(5-hexyl-thiophene)-ditieno[3,2-

b;2,3-d]thiophene (DTT5), obtained by the zone-casting

technique.

2 Experimental procedures

DTT5, shown in Fig. 1, was synthesized by microwave-

assisted Suzuki coupling, as previously described [5,6]. The

compound exhibits liquid crystalline properties. Large area

ordered layers (10 cm2) of DTT5 were obtained from toluene

solution (1 mg/1 ml) continuously supplied, through a flat

nozzle, with a speed of 10 µm/s onto substrates moving

with a speed of 50 µm/s. Substrates and nozzle were ther-

mally stabilized at 72 ◦C and 77 ◦C, respectively. Glass

and highly n-doped Si wafers with 50 nm of thermally

grown SiO2 were used as the substrates. The quality of

the obtained layers was examined by Polarized Optical

Microscopy (POM, Biolar microscope, PZO) and Atomic

Force Microscopy (AFM, SOLVER PRO scanning probe

microscope, NT-MDT). Optical anisotropy was examined

using UV-Vis-NIR spectrometer (Cary 5000, Varian) and

spectrofluorometer (Fluorog FL3-11, Jobin-Yvon). Anisotropy

of electrical properties was investigated in terms of anisotropy

of charge carrier mobility (µFET ) in field effect transistors

(FETs). The FET devices based on DTT5 were fabricated

in bottom contacts - bottom gate configuration, which was

imposed by liquid crystalline properties of the semicon-

ductor. Golden source and drain contacts were vacuum

evaporated on the top of SiO2 layer. The devices have

channel length 10 µm and channel width/channel length

ratios of 10 000 and 2 000 for the channel length parallel

and perpendicular to the casting direction, respectively.

3 Results and discussion

3.1 Optical anisotropy of the DTT5 zone-cast layers

POM and AFM images revealed that layers exhibit similar

and reproducible orientation on entire, large area (Fig. 2).

One can observed long crystalline needles grown along the

casting direction, what proves that the DTT5 molecules

exhibit tendency for unidirectional crystallization in the

applied zone-casting conditions. The layers zone cast on

glass substrate show birefringence when observed between

crossed polarizers, indicating homogenous molecular align-

ment within the crystallites. Thus, one can assume that

obtained crystallites are in fact uniaxial crystals. When

the crystal optic axis is parallel to the polarization plane

of the polarizer, almost no light is transmitted through the

sample (Fig. 2a), however when the crystals are oriented
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at 45◦ with respect to the polarization planes of both po-

larizers, maximum transmission of light is observed (Fig.

2b). Also the polarized UV-Vis absorption spectra indi-

cate an unidirectional alignment of the DTT5 molecules.

On Fig. 3a the polarized spectra (solid line and dotted

line) are compared with the spectrum obtained without

polarizer (dashed line). One can see that in the polarized

spectra different absorption bands are visible, while the

unpolarized spectrum shows all the bands. The spectra ob-

tained for solid state are blue shifted with respect to that

in solution (not shown here), in which the dominant max-

imum is placed at around 400 nm. This suggests that for-

mation of H-aggregates with cofacially aligned molecules

occurs in the solid state [7]. Additionally, this could ex-

plain also very strong polarization dependence of the ab-

sorption spectra. In particular, the appearance of bands

in the range of 325 – 375 nm, when the light is polar-

ized approximately parallel to the crystals long axes may

be understood as a result of the strong coupling between

the stacked molecules. Fig. 3b demonstrates the polarized

photoluminescence (PL) spectra obtained for the oriented

DTT5 layer, after excitation with the light wavelength of

330 nm. Two broad, overlapping peaks, at around 510 nm

and 540 nm, can be observed in all recorded PL spectra,

but their intensity is much higher when the polarization

plane of the analyzer is perpendicular to the zone-casting

direction (it means that the emitted light is polarized

perpendicularly to the crystal grow direction). Assuming,

that the molecules are arranged cofacially, one can con-

clude that in this case the spectra are dominated by the

emission from the individual molecules. The calculated po-

larization ratio, which is defined as P = [I‖ - I⊥]/[I‖ +

I⊥] (where: I‖ and I⊥ are the intensities of the emission

components polarized parallel and perpendicularly with

respect to the exciting light when polarized perpendicu-

larly to the casting direction), is larger than 60 % over the

spectral range from 505 nm to 545 nm. It confirms high

degree of molecular order in the obtained DTT5 zone-cast

layers.

3.2 Electrical anisotropy of the DTT5 zone-cast layers

The anisotropy of electrical properties of the zone-cast

DTT5 layers manifests in very different characteristics of

the FETs with the channel oriented parallel and perpen-

dicularly to the casting direction. As one can see on Fig.

4, for the same source-drain voltage (UDS) and the same

gate-source voltage (UGS) the current intensity between

the source and drain contacts (IDS) is much higher along

the casting direction (Fig. 4a) then in the perpendicular

direction (Fig. 4b). The charge carrier mobility calculated

on a basis of the transfer characteristics is µFET = 0.0005

cm2/Vs along the crystal grow direction, and at least 10

times lower (µFET <0.00005 cm2/Vs), in the perpendicu-

lar direction; the ON/OFF ratio > 104, is similar in both

cases. The charge carrier mobility obtained for the devices

with channel length parallel to the casting direction is one

order of magnitude higher than that reported for the FETs

based on the thermally evaporated and drop-cast layers of

the same compound [8].
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4 Conclusions

The zone-casting techniques allows to produce large area,

uniformly oriented thin layers of dithienothiophene deriva-

tive in which the molecules are cofacially arranged and

form quasi 1D crystalline, parallel stacks resulting in high

anisotropy of electronic properties of the layers.

Fig. 1. The chemical structures of 2,6-bis(5-hexyl-thiophene)-

ditieno[3,2-b;2,3-d]thiophene (DTT5).

Fig. 2. POM images of zone cast DTT5 layers (a, b) obtained

in the transmission mode for the sample on glass substrate

and AFM image (c) for the sample on Si/SiO2 substrate. Grey

arrows indicate casting direction, black arrows orientation of

polarization planes of polarizer and analyzer.

Fig. 3. Polarized absorption spectra (a) and polarized pho-

toluminescence spectra (b) of DTT5 zone-cast on glass; E‖

polarization plane of the polarizer parallel to the zone-casting

direction, E⊥ polarization plane the polarizer perpendicular to

the zone-casting direction, CD - casting direction.

Fig. 4. Transfer characteristics for FETs made of DTT5 zone-

cast on Si/SiO2 with channel length parallel (a) and perpen-

dicular to the casting direction (b).
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