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Planar Alignment of Columnar Liquid Crystals
in Microgroove Structures
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2Nanotechnology Research Institute, National Institute of
Advanced Industrial Science and Technology, Kansai Center,
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Planar alignment of columnar liquid crystals was achieved in microgroove
structures fabricated by a direct laser lithography using two photon polymeriza-
tion. A liquid crystalline material exhibiting the columnar phase was sandwiched
between a substrate with microgrooves and an untreated glass substrate, and the
orientation characteristics were investigated with a polarizing optical microscope.
A uniform uniaxial alignment was observed in the microgrooves, and the measure-
ment of the optical birefringence indicated that the columnar director aligned
perpendicularly to the grooves.
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INTRODUCTION

Columnar liquid crystals have potential as organic semiconductors
for electronic devices due to highly mobile charge carriers along
the columnar axis (director) [1]. In addition, self-organization is a
desirable nature for the device application because uniform alignment
of molecules can be easily obtained over a large area.
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In order to fabricate highly efficient devices based on columnar
liquid crystals, alignment control of the columns is essential: homeo-
tropic alignment (columns orient perpendicular to the substrate) is
desirable for solar cells, and planar alignment (columns orient parallel
to the substrate) is desirable for field effect transistors [2]. Until now,
it has been reported that the introduction of fluoroalkylated chains
onto the peripheral parts of a triphenylene mesogen leads to a strong
tendency for homeotropic alignment [3]. On the other hand, planar
alignment has been achieved using several techniques such as a
zone-casting [4] and polytetrafluoroethylene coating which is so-called
a friction-transfer technique [5]. However, a novel technique to obtain
uniform planar alignment is still needed to realize highly efficient
organic transistors.

Here, we present a novel method to obtain planar alignment in
columnar liquid crystals: we show that columnar liquid crystals intro-
duced in microgroove structures fabricated by direct laser lithography
(DLL) exhibit a planar orientation with the columnar axis being
perpendicular to the microgrooves.

MATERIALS

The material used to fabricate microgrooves comprised of a colorless,
urethane-based ultraviolet (UV)-curable photopolymer (NOA61,
Norland), with 0.1 wt% of bis(2,4,6-trimethylbenzoy) phenylphosphine
oxide (Irgacure819, Ciba) for enhancing the absorption at A =400nm,
and 0.1wt% of 4-(dicyanomethylene)-2-methyl-6-(4-dimethyl aminos-
tyryl)-4H-pyran (DCM, Exciton) dye for observation purpose. NOA
61 was selected due to its fast curing time, good adhesion and chemical
stability.

RO, OR
O compound phase transition temperature / °C
O C60TP Cr 69 Colh 99 Iso
oy
C7(F3H3)OTP Cr 120 Colh 157 Iso
RO OR

Cr: crystal, Colh: hexagonal columnar phase,
C60TP :R=C 6Hi3 Iso: isotropic liquid
C7(F4H3)OTP : R=C3HC4Fg

FIGURE 1 Chemical structures and phase transition temperature of C60TP
and C7(F4H3)OTP.
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The liquid crystalline materials used were 2,3,6,7,10,11-hexahexyloxy-
teiphenylene (C60TP) and C7(F4H3)OTP. C7(F4H3)OTP is a triphenlene
based compound with fluoroalkylated chains on the peripheral parts.
Both compounds exhibit the hexagonal columnar phase: the chemical
structure and phase sequence of each material is shown in Fig. 1.

EXPERIMENTAL

The experimental setup for the fabrication process is schematically
illustrated in Figure 2(a). Fabrication was performed in a dark room
to avoid unnecessary curing of the materials. DLL was carried out
using a confocal laser scanning microscope (CLSM) system (Carl Zeiss,
LSM 510). The cover glass with the spin-coated materials was posi-
tioned on the stage of the CLSM, and then irradiated with 100fs pulses
of a focused Ti:sapphire laser (Spectra Physics, Maitai) at A =800nm
and repetition rate of 80 MHz. The laser was focused by a high
numerical aperture oil-immersion objective lens (63x, N.A=1.4). A posi-
tion of the focused spot on the sample was controlled by a galvan-
ometer to scan arbitrarily within a maximum scanning area (146.2 x
146.2 um?). Irradiated by the focused laser, reaction of photopolymer-
ization occurs only in the vicinity of the focal point under the process of
two photon excitation due to the high photon density in that region.
Thus, it is possible to fabricate miniature groove structures with high
resolution. DLL was performed under laser intensities varying
between 2 ~6 MW /cm? and scan speed of 179 us/pm. After irradiating

Material
Thin Glass

Polymerized Micro-Structure

Pattern of
Scanning Region
Scanning Area

| Ti-Sapphire Laser

(2)

| Glass

Spacer
(6um)

Fabricated
Structure

Columnar
Liquid Crystal

(b)
FIGURE 2 Schematic diagram of the experimental setup.
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the laser, the uncured material was removed by rinsing in acetone for
10sec and ethanol for 30sec, so that only the cured microgroove
structures were left on the cover glass surface. The fabricated
microgrooves were investigated with an atomic force microscope
(AFM) (KEYENCE, VN-8000).

The structure of the liquid crystal cell is shown in Figure 2(b). The
6 pm-cell was comprised of a substrate with the microgrooves and an
untreated glass substrate. The columnar liquid crystal (C60TP or
C7(F4H3)OTP) was infiltrated into the cell by first heating to the
isotropic phase, and then cooling the sample to the columnar meso-
phase. The alignment characteristics were investigated under crossed
Nicols on a polarization optical microscope (POM) (Nikon, Eclipse
E600-POL). The retardation and the optical birefringence were
measured using a Berek compensator.

RESULTS AND DISCUSSION

Figure 3 shows the AFM image of microgroove structure with the
width of 1.5um and the height of 1.5 um. The alignment properties
were investigated in the cell with this groove structure. Figure 4(a)
and (b) are the POM images of the cell after infiltrating C60TP. When
the groove direction was parallel to either the polarizer or the
analyzer, the region with the microgroove structure appeared dark
(Fig. 4(a)). The region with the grooves appeared bright (Fig. 4(b)),
when the stage was rotated by 45°. This indicates that planar uniaxial
alignment was obtained in the microgrooves. Moreover, the evaluation
of the optical axis using a Berek compensator indicated the direction of
the columnar axis to be perpendicular to the microgroove, as shown

Fabricated Structure

1.5pum

1.5pum

FIGURE 3 AFM image of microgroove structure.
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FIGURE 4 POM images of aligned columnar liquid crystal (C60TP) in
microgroove strucutures (a) extinction position (the groove direction was par-
allel to the polarizer), (b) after rotation of the sample on the stage by 45°, and
(c) schematic model of aligned columnar liquid crystals in microgrooves.

in schematic model of Figure 4(c). In addition, this uniaxial alignment
was also observed in microgroove structure (width 1pum and height
2 um) for another columnar liquid crystal, C7(F4H3)OTP (Fig. 5).

50pm 50pm
m— ]

FIGURE 5 POM images of aligned columnar liquid crystal (C7(F4H3)OTP) in
microgroove strucutures (a) extinction position (the groove direction was par-
allel to the polarizer), and (b) after rotation of the sample on the stage by 45°.
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50pm
I

FIGURE 6 POM image of the effect of varying microgroove height (The groove
height is (D1 pm, @ 3 pm, 3)4 um, and @ 5 um).

Next, the effect of alignment properties by varying microgroove
height was investigated. The groove height was varied between
lum, 3um, 4 um, and 5um (the width was 1.5 um). Figure 6 shows
the POM image of four square regions with different groove height.
The retardation and the birefringence in these regions are shown in
Table 1. The birefringence (An) was evaluated from the retardation
(R =And) measured by a Berek compensator and the groove height
(d) measured with an AFM. The retardation increased as growing
the height between 3um, 4um, and 5um, although that of the
1 um-height could not be measured because the value is too small.
On the other hand, the birefringence is approximately the same
irrespective of the groove height. These observations suggest that

TABLE 1 Effect of Varying Microgroove Height (d):
Retardation (|An|d) and Birefringence (|An|)

Number of Groove Retardation Birefringence
Groove structure height d (=|An|d) |An|
@) 1.0 um X X
® 3.0pm 254nm 0.085
® 4.0 um 347nm 0.087
@ 5.0 pm 485 nm 0.097
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FIGURE 7 Effect of varying microgroove width (a) AFM image, and (b) POM
image with sensitive color plate (/. =530nm).

columnar liquid crystals align parallel to the glass substrate only in
the microgrooves.

The effect of varying microgroove width was also investigated.
Figure 7(a) shows the AFM image of the microgroove structure used
for the measurement whose width was 1.5pum, 3pum, 4pum, 6pm,
8 um, and 10 um (the height was 2.8 um). Figure 7(b) shows the POM
image with a sensitive color plate (1 =530nm). When the width was
less than 3 pm, a uniform uniaxial alignment was observed. However
when the width was larger than 3 um, the retardation gradually
decreased at distances far from the edge. Considering that the col-
umns tend to align perpendicular to the substrate between untreated
glasses [2], we believe that the columns gradually tilted and became
homeotropic at regions far from the groove edge, as shown in Figure 8.

(a) Width <3um (b) Width>3um

FIGURE 8 Schematic model of aligned columnar liquid crystals in micro-
groove structures.
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CONCLUSION

In conclusion, planar uniaxial alignment of columnar liquid crystals
(columns orient parallel to the glass substrate) was obtained in
microgroove structures fabricated by DLL method via two photon poly-
merization. The columnar axis was perpendicular to the microgrooves.
When the groove width was less than 3 um, a uniform uniaxial align-
ment was observed. However, when the width was larger than 3 um, a
uniform uniaxial alignment was not obtained. It is considered that the
columns gradually tilts and becomes homeotropic at regions far from
the groove edge.
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