This article was downloaded by: [University of California, San Diego]

On: 15 August 2012, At: 23:12

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Vertically-Aligned Liquid
Crystal Display with Axial
Symmetry using Surface Relief
Gratings on Polymer

Jae-Hong Park ? , Ju-Hyun Lee ? & Sin-Doo Lee ?
& School of Electrical Engineering #032, Seoul
National University, Kwanak P.O. Box 34, Seoul,
151-742, Korea

Version of record first published: 24 Sep 2006

To cite this article: Jae-Hong Park, Ju-Hyun Lee & Sin-Doo Lee (2001): Vertically-

Aligned Liquid Crystal Display with Axial Symmetry using Surface Relief Gratings on
Polymer, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 367:1, 801-808

To link to this article: http://dx.doi.org/10.1080/10587250108028703

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108028703
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 23:12 15 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 23:12 15 August 2012

Mol. Cryst. and Lig. Cryst., 2001, Vol. 367, pp. 801-808 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints availabie directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint,
a member of the Taylor & Francis Group,

Printed in the USA

Vertically-Aligned Liquid Crystal Display with
Axial Symmetry using Surface Relief Gratings on
Polymer

JAE-HONG PARK, JU-HYUN LEE and SIN-DOO LEE

School of Electrical Engineering #032, Seoul National University, Kwanak P.O.
Box 34, Seoul 151-742, Korea

A new method of fabricating a vertically aligned liquid crystal display (LCD) using surface
relief gratings is presented. The two dimensional surface gratings are produced on a photo-
sensitive polymer by the illumination of the UV light through a photomask. A multi-domain
structure is obtained on the grating surface with the homeotropic alignment. The LCD config-
uration with such axially multi-domain structure along the surface relief exhibits excellent
viewing characteristics.

Keywords: liquid crystal display; wide-viewing; surface relief grating

INTRODUCTION

A conventional twisted nematic (TN) mode shows narrow viewing
properties due to the intrinsically asymmetric alignment. In order to
overcome this shortcoming, various multi-domain methods have been
devised!"*). Especially, a vertically aligned (VA) multi-domain (MD)

[35891/801



Downloaded by [University of California, San Diego] at 23:12 15 August 2012

802/[3590] JAE-HONG PARK et al.

mode® is promising because of its good contrast and wide viewing
characteristics. However, the realization of the VAMD mode involves
complex processes such as multiple rubbing and elaborate evaporation
of aligning materials. Recently, an easy method of controlling the
surface morphology has been extensively studied for making microlens
arrays'®. This method is based on the contraction effect of ultra-violet
(UV) curable photopolymer. We utilize this technique for producing a
multi-domain homeotropic alignment structure where the domain size
and the surface inclination are precisely controlled.

In this paper, we propose a wide-viewing LCD mode realized in
an axially symmetric vertical alignment (ASVA) configuration. In order
to obtain this configuration, we make the micro-groove arrays on an
UV curable photopolymer, followed by coating a homeotropically
aligning polyimide onto the polymer layer.

EXPERIMENTAL

The UV curable optical adhesive (NOA60, Norland Products Inc.) was
spin-coated on the indium-tin-oxide (ITO) glass under the condition of
4000 r.p.m. for 100 seconds. This photopolymer layer was irradiated by
the UV light generated from a Xe-Hg lamp with 50 mW/cm® through a
chromium photomask. The mask has circular apertures of 100 pm in
diameter which are arranged in a period of 200 um. The coated
photopolymer layer was subsequently illuminated with the same power
in 15 minutes without the photomask to cure the whole area. The
fabrication process of the micro-groove arrays is shown in Figure 1.
After the curing process, the homeotropic polyimide, JALS204 (Japan
Synthetic Rubber), was spin-coated onto the polymer surface. The cell
was assembled with the above prepared substrate and the other with
only the layer of JALS204. We used 5 pm glass spacers to maintain the
cell gap. Our cell was filled with a nematic liquid crystal, EN40
(Chisso), which has negative dielectric anisotropy.

We observed the cell texture as a function of the applied voltage
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of a bipolar square waveform at the frequency of 1 kHz under an
optical polarizing microscope. The iso-contrast map was measured to
determine the viewing characteristics.
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FIGURE 1 Fabrication process of micro-groove arrays.

RESULTS AND DISCUSSION

When the polymer is illuminated through the photomask, the
photopolymerized process begins at positions corresponding to the
apertures. Then, the difference in density between the illuminated areas
and the unilluminated ones causes the contraction effect to make the
polymer move into the illuminated region to join the polymerization
process. Figure 2 illustrates the micro-groove arrays formed by the
illumination through the photomask for one second. The regions inside
the circular patterns in Figure 2 correspond to the areas that were
illuminated by the UV light. As the illuminated intensity increases, the
average height of the micro-grooves increases to some extent. However,
in our case, the shape of the micro-groove varies with the increase of
the illumination energy. As shown in Figure 3, the shape of the micro-
groove follows the square of the sin function when the illumination
energy is less than about § J/em?. When the energy increases further,
the photopolymerization process takes place so fast that rounded hills
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are formed near the edges of the apertures of the photomask.

FIGURE2  The micro-groove arrays on the UV curable polymer.
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FIGURE 3  The profiles of the micro-grooves: The illumination
energy through the photomask are (a) 6.4 J/ cm® and (b) 0.42 J/ cm®.

Based on the above results, the cell with the grating surface was
made under the condition of Figure 3 (b) to obtain the continuous
distribution of the surface pretilt. Figure 4 shows the electro-optic (EO)
transmittance through the cell. A bipolar square waveform at the
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frequency of 1 kHz was applied to the cell. The Freedericks transition
voltage is somewhat higher than that of a conventional VA cell because
of the voltage drop across the polymer layer. Therefore, it is needed to
reduce the thickness of the photopolymer layer for lowering the
Freedericks transition voltage.
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FIGURE 4 The EO transmittance characteristics of the cell.

Figure 5 illustrates the texture of the cell under crossed polarizers.
In the case of no applied voltage, LC is homeotropically aligned so that
a dark state similar to a normal VA state is obtained. Upon the
application of the voltage, the axially symmetric structure can be
observed along the micro-groove arrays. As mentioned above, the
illuminated region through the photomask upheaves by contraction and
redistribution of the photopolymer matrix occurs during the curing
process. The dark region under an applied voltage in Figure 5
represents the hill of the grating surface of the photopolymer layer.
Around the hill of the grating surface, the actual voltage drop is larger
than in the valley region. The important issue on the fabrication process
is that the average height of the micro-grooves should be optimized.
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When deep grooves are formed, the LC director tends to reorient along
the micro-groove surface very strongly!”! so that the whirl of the
director on the surface can occur. In our case, the tangential angle of the
grating surface is about 0.3 degrees enough to prevent this phenomenon.
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FIGURE 5 Polarized microscopic texture under two different
applied voltages: (a) 0 V and (b) 13.6 V.

Figure 7 illustrates the iso-contrast map of the cell. Clearly, the
symmetric viewing property can be seen. The ASVA cell has the axially
symmetric transmittance property in the ON state. However, the VA
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mode has the intrinsic leakage of light in the OFF state along the
directions off from the polarizers so that it-exhibits relatively low
contrast along these directions. In order to reduce this undesirable
property, an optical compensation film can be used.

270

FIGURE 6 Iso-contrast map

In suimmary, we have demonstrated a wide-viewing LCD mode
that is realized in the ASVA configuration. This configuration is
obtained using two dimensional surface gratings which induce initially
the vertical alignment. The multi-domain size is easily varied and no
rubbing process is required. Therefore, in contrast to other multi-
domain structures, the ASVA configuration provides defect free
structures. Moreover, the perfect dark condition can be obtained in the
OFF state, which results in high contrast and wide viewing
characteristics.
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