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Abstract
Uniaxially aligned films of thiophene-based polymers
were successfully fabricated by a bar-coating method, and

the unique optical and electrical anisotropies were studied.

By selecting the solvent for coating and controlling the
substrate temperature, the uniform thin films could be
obtained. The optical and electrical properties depended
on the coating direction, which were discussed by taking
the alignment of the polymer main chain into considera-
tion.

1. Introduction

Conjugated polymers with highly extended m-electron
system have been widely investigated for organic electronics
since organic thin-film layers can be easily formed by solu-
tion process due to their high solubility in organic solvents
[1]. Controlling the alignment of polymer chains in films is
significant to achieve improvements in properties. It is de-
sired to obtain aligned polymer films without any mechanical
or thermal damages to organic materials, and various align-
ment methods have been proposed [2]. Here, a coating
method, bar-coating [3-5] was adopted to fabricate thin films
of conjugated polymer, because the direction of film for-
mation was uniaxially fixed by the sweep direction of the
coating bar, and the conditions of film fabrication, such as the
speed of film formation, the solvent, and the substrate tem-
perature, can be adjusted.

In this study, we fabricated uniaxial aligned films of thi-
ophene-based polymers by the bar-coating method and meas-
ured their optical and electrical properties. We discuss the an-
isotropic characteristics by taking polymer alignment into ac-
count.
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Fig. 1 Schematic diagram of the bar-coating method.

2. Experimental

Thiophene-based polymers, such as, poly(3-hexylthio-
phene) (P3HT), was used in this study. A thin film of P3HT
was fabricated in the following process. A glass substrate was
cleaned with a cleaning agent and distilled water by ultrason-
ication, then treated with UV-ozone. The substrate was placed
on a hotplate and the substrate temperature was set at 20-
120 °C, and a 9.6-mm-diameter coating bar wound with a
0.05-mm-diameter metal wire was set onto the substrate. A
P3HT solution with various solvents, the concentration of
which was 10 g/L, was dropped onto the wire bar, then the
coating bar was moved in the horizontal direction at a con-
stant speed of 3.3-200 pm/s. The schematic diagram of the
bar-coating method is shown in Fig. 1.

The thin film was observed by a polarized optical micro-
scope (Nikon Eclipse LV 100 POL) under crossed nicols. Op-
tical anisotropies of polymer films were measured by polar-
ized absorption. Electrical anisotropies of polymer films were
measured by fabricating field-effect transistors (FETs) em-
ploying the polymer films as channel layers and measuring
their electrical characteristics. Bottom-contacted FETs were
achieved by fabricating an aligned polymer film on SiO»/n-Si
substrates with comb-shape-patterned Au electrodes. The
bar-sweep direction was perpendicular or parallel to the chan-
nel direction of the FETs. The optical and electrical measure-
ments were carried out at room temperature.

( a) Direction of film
fabrication )

Fig. 2 Typical polarizing micrographs of the bar-coated P3HT thin
films observed with crossed polarizers.

3. Results and discussion

Figure 2 shows the typical polarizing micrographs of the
thin films observed with crossed polarizers. The observed im-
age of the thin film was uniformly dark when the polarizer
was parallel to the bar-sweep direction and became bright
when the polarizers were rotated by 45°, which indicates that
a uniform and uniaxially oriented thin film with a large area
was fabricated.

The polarized absorption spectra of the thin film are
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shown in Fig. 3. When the polarization direction of the inci-
dent light was parallel or perpendicular to the bar-sweep di-
rection, the absorbance based on the n-n* transition of P3HT
was minimum or maximum, respectively. The absorbance
should become maximum if the polarization direction of the
incident light is parallel to the direction of the m-conjugation
[6-8]. Therefore, it is considered that the polymer main-chain
was perpendicular to the bar-sweep direction. A typical di-
chroic ratio at peak absorption wavelength was estimated to
be approximately 1.48.

Figure 4 shows transfer characteristics of the FETs with
oriented P3HT films. The bar-sweep direction was perpendic-
ular (L) or parallel (//) to channel direction of FETs. The field
effect mobilities in each channel were evaluated to be 2.9x10-
3 and 4.4x1073 cm?-V-!-s7! in parallel and perpendicular direc-
tions, respectively. It is considered that the anisotropic carrier
mobilities in the oriented P3HT films are based on alignment
of polymer chains.
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Fig. 3 Typical polarized absorption spectrum of oriented P3HT
films.
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Fig. 4 Typical transfer characteristics of the FETs with ori-
ented P3HT films.

4. Conclusions

We obtained aligned P3HT films by bar-coating method,
and demonstrated the optical and electrical anisotropies of the
aligned films. The bar-coating method should be appropriate
for fabricating uniform and oriented thin films of m-conju-
gated polymers.
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