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Pretilt angle generation and liquid crystal (LC) aligning capabilities for a

nematic (N) LC with obliquely polarized UV exposure on a homeotropic poly-

imide (PI) surface by an in-situ photoalignment method were studied. The

high pretilt angle of 30h for NLC with obliquely polarized UV exposure on

the PI surface for 20min can be achieved. The pretilt angle generated in

NLC by the in-situ photoalignment method was higher than that generated

by a conventional photoalignment method on a homeotropic alignment layer.

Also, we suggest that the generation of pretilt angle in NLC with obliquely

polarized UV exposure during imidization of the polymer for homeotropic

alignment is a promising method to generate a high pretilt angle. Lastly, the

good electro-optical (EO) characteristics of the photoaligned vertical alignment

(VA)-liquid crystal display (LCD) by UV exposure on the PI surface for 10min

were observed.

Keywords: homeotropic alignment; in-situ photoalignment method; nematic liquid crystal;

photodissociation; polyimide; pretilt angle
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INTRODUCTION

Liquid crystal displays (LCDs) are now widely investigated for their prom-
ising application in large-size and high-quality image displays. Most LCDs
with pretilted homogenous LC alignment are prepared using rubbed poly-
imide (PI) surfaces [1]. However, rubbing causes electrostatic charges and
dust [2]. Thus, a rubbing-free method for LC alignment is required for the
fabrication of a LCD. LC aligning capabilities for NLC using a photodissocia-
tion method on a PI surface for homogeneous alignment have been
reported recently by many researchers [3–6]. Also, LC alignment effects
for NLC using a photodissociation method on a PI surface for homeotropic
alignment have been reported [7,8].

Most recently, the LC alignment and pretilt angle generation using the
in-situ photoalignment method on a PI surface for homogeneous alignment
have been reported [6]. The in-situ photoalignment method produces a
higher thermal stability of LC alignment than that produced using the con-
ventional photoalignment method. However, the pretilt angle using an
in-situ photoalignment method was smaller than that using the conven-
tional photoalignment method on the PI surface for homogeneous
alignment. The effect of the NLC pretilt angle generated using the in-situ

photoalignment method on the PI surface for homeotropic alignment has
not yet been reported.

In this study, we report the generation of a high pretilt angle and LC
alignment using the in-situ photoalignment method with obliquely
polarized UV exposure of the PI surface of homeotropic alignment. Also,
EO performances of the photoaligned VA-LCD with UV exposure on the
PI surface are studied.

EXPERIMENTAL

In this experiment, the polymer (JALS-696-R2, for homeotropic alignment
from JSR Co.) was used. The polymers were uniformly prepared by spin
coating on indium-tin-oxide (ITO) electrodes. The polymers used for the
conventional photoalignment method were soft-baked at 100�C for 10 min
and baked at 180�C for 1 h. The thickness of the PI layer was set at
500 Å. The polymer surfaces were exposed to oblique UV at a wavelength
of 365 nm [6]. The energy density of UV used was 15.5 mW=cm2. In the
in-situ photoalignment method, polymers were exposed to obliquely
polarized UV during imidization at 150�C. A cell was fabricated as a sand-
wich type, and the thickness of the cell was 60 mm. After fabricating the
cell, a mixture of negative type NLC (3H ¼�3.8, MJ951294 from Merck
Co.) was injected to the isotropic phase. LC cells were cooled to room

270=[1880] Y.-J. Jeon et al.
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temperature. Also, the LC layer for the photoaligned VA-LCD was a
4.25 mm. NLC is used in negative dielectric anisotropy (3H ¼�3.8,
MJ951294 from Merck Co.). The pretilt angles of the NLC were measured
using the crystal-rotation method at room temperature. The voltage-
transmittance and response time characteristics for the photoaligned
VA-LCD were measured by DMS (Display Measurement system, from
Autronic Co.) equipment.

RESULTS AND DISCUSSION

Figure 1 shows NLC pretilt angles with obliquely polarized UV exposure of
the PI surface for 20 min as a function of incident angle. It is shown that the
pretilt angle generated in NLC increases with increasing incident angle.
The peak of the pretilt angle was observed at an incident angle of 30h.
When the incident angle was more than 30h, the pretilt angle tended to
decrease with increasing incident angle. It was also observed that the
pretilt angle of NLC generated using the conventional photoalignment
method was smaller than that generated using the in-situ photoalignment
method. On the basis of these results, we can consider that the in-situ

photoalignment method is sufficient to generate a high pretilt angle. This
is because the in-situ photoalignment method induces a photodissociation
reaction during imidization of polymers, and in this case, the surface layer
of polymers is not stabilized. However, in the conventional photoalignment

FIGURE 1 NLC pretilt angles with obliquely polarized UV exposure of the PI

surface for 20 min as a function of incident angle.
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method, the PI surface is exposed to UV light after imidization of the
polymers at 180�C, and the surface layer of polymers is stabilized.

Figure 2 shows the NLC pretilt angles with obliquely polarized UV
exposure of 30� on the PI surfaces as a function of UV exposure time. Using
the in-situ photoalignment method, the pretilt angle of NLC exhibited an
immediate sharp increase with increasing exposure time until 20 min, at
which a peak was observed. When the exposure time was more than
20 min, the pretilt angle tended to decrease. It is considered that the
energy density from UV exposure for 20 min is adequate to generate high
pretilt angles. Also, the imidization of the PI using the in-situ photoalign-
ment method is sufficient above the UV exposure time of 40 min. On the
other hand, the tilt angle of NLC generated using the conventional photo-
alignment method was 90 y for all UV exposure time. From these results, it
is evident that the in-situ photoalignment method is more reliable in
generating high pretilt angles of NLC than the conventional photoalignment
method.

Figure 3 shows the microphotographs of aligned NLC using the in-situ

photoalignment method with obliquely polarized UV exposure of 30� on the
PI surfaces for homeotropic alignment. Large disclinations of NLC were
observed for all UV exposure time. The alignment of NLC decreases with
increasing in-situ UV exposure time. Also, the uniform alignment of NLC

FIGURE 2 NLC pretilt angles with obliquely polarized UV exposure of 30� on the PI

surfaces as a function of UV exposure time.
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using the conventional photoalignment method with UV exposure of 30 y
on the PI surface for 20 min was observed. However, the disclinations of
NLC with UV exposure on the PI surfaces for 0 min and 40 min were
observed. We consider that the LC aligning capabilities of NLC are more
influenced by photodissociation reaction above the UV exposure time of
40 min. Therefore, we suggest that the UV energy using the conventional
photoalignment method on the PI surface of homeotropic alignment is
sufficient to obtain the monodomain alignment.

Figure 4 shows the V-T curves of the photoaligned VA-LCDs with oblique
UV exposure using in-situ photoalignment method on the PI surface.

FIGURE 3 Microphotographs of aligned NLC using the in-situ photoalignment

method with obliquely polarized UV exposure of 30� on the PI surfaces for homeo-

tropic alignment.

FIGURE 4 V-T curves of the photoaligned VA-LCDs with oblique in-situ exposure

on the PI surface.
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An excellent V-T curve can be achieved in the photoaligned VA-LCD using
in-situ photoalignment method on the PI surface for 10 min.

Figure 5 shows the response time characteristics of the photoaligned
VA-LCD with in-situ UV exposure on the PI surface. A good curve for
the photoaligned VA-LCD was obtained using the in-situ photoalignment
method on the PI surface for 10 min and 20 min as shown in Figure 5.
However, it reveals that the tansmittance in the photoaligned VA-LCD on
the PI surface for 40 min exposure time decreases as increasing time.
Therefore, after applied voltage in the LC cell, transmittance of LC cell
was not maintained, and was decreased as operation time. This results
affect to decrease of display performance.

CONCLUSION

In this study, we investigated the LC aligning capabilities for NLC using the
in-situ photoalignment method with obliquely polarized UV exposure of
the PI surface for homeotropic alignment. Also, EO performances of the
photoaligned VA-LCD were studied using an in-situ photodimerization
method on the PI surface. The pretilt angle generated in NLC using the
in-situ photoalignment method was higher than that generated using the
conventional photoalignment method. Also, we suggest that the control

FIGURE 5 Response time characteristics of the photoaligned VA-LCDs with

oblique in-situ exposure on the PI surface.
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of high pretilt angle in NLC with obliquely polarized UV exposure during
imidization of the polymer for homeotropic alignment is a promising
method to generate high pretilt angle. Finally, the good EO characteristics
of the photoaligned VA-LCD by in-situ UV exposure on the PI surface for
10 min can be achieved.
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