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Abstract

A novel geometric solution for uniform bend
transition in a pi cell has proposed. In order to obtain
the uniform bend transition, we applied hybrid
domain structure to the edge of a LC cell by using ion-
beam alignment method. As a result, we confirmed
that the uniform bend transition has arisen from the
edge to the center. From the proposed structure, we
expect that the reliable and uniform bend transition
can be achieved- in the pi cell.

1. Introduction

A pi cell has good properties for device applications
such as fast response time and intrinsic wide viewing
angle characteristics [1-2]. These advantages are
suitable to next generation display units and TV
application compared with conventional liquid crystal
display modes such as TN mode or STN mode.

In general, the director configuration of the pi cell
starts from the splay state by parallel rubbing. By
applying a voltage, the director configuration goes to
the bend state from splay state.

Since the derived optical switching is between the
bend state, it 1s always necessary to apply an initial
voltage to make the LC configuration transition from
the splay to the bend state. Because of topological
inequivalence between bend and splay state, however,
some of the pixels sometimes never go to bend state
even after bias voltage has applied. Therefore, to
obtain uniform bend pixel distribution in a p1 cell is an
practical 1ssue point for the p1 cell improvement [3-4].
Figure 1 shows non-uniform bend pixel distribution.

In the previous papers. several LC geometric
schemes for the uniform bend transition have been
discussed [3]. In this method, there were no falling off
charactenistics optically. But they still have non-

uniform bend pixel distribution.

Uchida proposed two methods to solve the non-
uniform bend distribution 1n the p1 cell {3-4]. First,
they proposed to apply high voltages to the pi1 cell.
However, this method was not appropriated for TFT
cell because very high voltage may break TFT cell.
Another method was to form a structure which has a
twist state in the center of the each pixel. However,
twist L.C configuration in the center of the bend cell
may reduce the optical characteristics. Therefore, 1n
order to block the light leakage of the cell extra-
masking process to be able to hide twist state in the
cell is needed. Otherwise, this process brings about
low aperture ratio.

In this paper we propose a L.C structure which can
exhibit uniform bend transition by applying hybrid
domain structure to the edge of the each cell.

Figure 1. Non-uniform bend pixel distribution
(pixel size: 300/m x 300 /m)

2. Transition property of the pi cell
When no voltage is applied, the p1 cell 1s in the
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splay state, and the molecules are aligned along the
rubbing direction. In geometry, when a voltage is
applied to the cell, it goes to the bend state. In the case
of the transition, since the splay and the bend states
are topologically different from each other,
transformation between the splay state and the bend
state inevitably accompanies with bend nucleus. And
then domain growth of the bend state should take
place. Conventional p1 cell never go to bend state
without bend transition core even after bias voltage
has applied because of topological inequivalence
between splay and bend state. To obtain uniform
transition from splay to bend state, bend transition
core must be essential. The proposed method is to
make hybrid domain structure to the edge of the each
pixel. As a result, because of topological equivalence
between hybrid and bend states, hybrid state first
transforms to the bend state, so that it cause the
uniform bend pixel distribution

3. Experiment and Results

In this experiment, in order to obtain a sufficient
retardation in the bend state, the MLC 6265-000(E.

Merck) with An of 0.2106 at 550nm wavelength were

used. And the cell gap was controlled by using spacer
of 4.2m,

Table 1. Ion beam expose condition

Parameter Condition
Ion-beam voltage 250eV
Ion-beam current 10mA
Incidence angle > 20°

Exposed time 10 sec

The alignment layer of the top glass substrate was
coated by spin coating SE-3140(Nissan Chemical Co.)
which 1s homogeneous alignment material. The
bottom glass substrate was coated by spin coating
ALOOOIO(JSR) , which is vertical alignment material.
To make a hybrid domain structure in the boundary of
LC cell, we exposed the ion-beam on the center of the
bottom alignment layer [5-6]. The exposed ion beam
condition is shown in Table 1. Figure 2 shows the
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Figure 2. Ion beam expose method
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Bottom Substrate

SE 3140

(homogeneous)

AL00010 Ion Beam

(vertical) (homogeneous)

Figure 3. Initial alignment configuration
of proposed hybrid domain structure




alignment of the bottom substrate exposed by the ion
beam.

Figure 3 shows the initial alignment configuration
of the proposed hybrid domain structure. The bulk and
boundary of the LC cell become the splay and hybrid
configurations respectively. Figure 4 shows the initial
state of the domain edge which is the edge of between
the splay and the hybrid state.

When a voltage is applied to the LC cell, bend
transition has arisen from the edge between splay and
hybrid domain to the center. Figure 5 shows the
spread of bend transition from the edge to the center
after 4V is applied to LC cell. Figure 5 (a) is a picture
with 4V, Fig. 5 (b) is a picture after 7 sec and Fig. 5

(c) is a picture after 27 sec and Fig. 5 (d) shows the
complete bend transition.

Figure 4. initial state of between splay domain and
hybrid domain
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Figure 5. Spread of bend transition from the edge
of between splay and hybrid domain to the center
(applied 4V to LC cell) : (a) 0.1 sec after the
voltage applied, (b) 7 sec later, (¢) 27 sec later, (d)
35 sec later

In general, a conventional pi cell is applied high
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voltage of 12V or over so as to transform from splay
to bend state [4, 7]. Transition time of the
conventional pi cell with 2 x 3 ¢m pixel size takes
minimum 160sec after the voltage of 4V applied.
However, in the case of the proposed pi cell the hybrid
domain structure has short bend transition time and
the reliable transition reliability even if low voltage is
applied.

4. Conclusion

We propose a LC structure which can exhibit
uniform bend transition by applying hybrid domain
structure to the edge of the each cell. We confirmed
that the bend transition has arisen from the edge to the
center. The hybrid domain structured pi cell has fast
bend transition time compared with the conventional
pi cell.

5. Acknowledgement

This work was performed by the advanced
Backbone IT Technology Development Project
supported by the Ministry of Information &
Communication in the Republic of Korea.

554 - IMID ‘03 DIGEST

6. References

[1]

[2]

[3]

[4]

5]

[6]

[7]

P. J. Bos and K. R. Koehler/Beran, Mol. Cryst.
Liq. Cryst., 113(1984), p.329

Jin-Kwan Jeong, Seo Hern Lee, Mi-Kyoung Jang,
Kwan-Young Han, Tae-Hoon Yoon and Jae
Chang Kim, KL.CC 2002 Vol. 5, pp. 127

lichiro Inoue, T. Miyashita, T. Uchida, Y.
Yamada and Y. Ishii, Eurodisplay 2002, p. 179

N. Koma, T. Miyashita and T. Uchida, SID 1999
Digest, p. 28

Jin Seog Gwag, Seo Hern Lee, Kyoung-Ho Park,
Won Sang Park, Kwan-Young Han, Tae-Hoon
Yoon, Jae Chang Kim, Hee Kim and Seong Jin
Cho, IMID 2002, p. 409

Kyoung-Ho Park, Dong-Chirl Jeong, Jin Seoq
Gwaq, Seo Hern Lee, Tae—Ho_on Yoon and Jae
Chang Kim, IDW 2002, pp. 129~132

Chang-Hun Lee, Hak-Sun Chang, Jae-Jin Lyu,
Kyeong-Hyeon Kim and Jun-Hyung Souk, SID
2002 Digest, p. 570



