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Abstract — A novel electrode structure which can provide a high aperture ratio in a super in-planeswitching (S-IPS) liquid-crystal (LC) cell at high transmittance is proposed. To improve the aperture
ratio of the S-IPS cell, a zig-zag electrode pattern was applied to the electrode edge in the active area
that can effectively reduce the disclination area. In addition, a novel electrode structure was also
applied to the bulk area which can reduce the cross-talk and light leakage between the pixel lines and
the data lines. As a result, it was found that the proposed electrode structure could provide a higher
aperture ratio than that of the conventional type by reducing the black matrix (BM) area so that a high
transmittance compared to that of the conventional structure can be achieved.
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Introduction

Recently, LCDs have been required to provide better electro-optical characteristics such as wide viewing angle and
fast response time. In particular, horizontal-switching liquid-crystal (LC) modes such as the super in-plane-switching
(S-IPS) mode1 and the fringe-field-switching (FFS) mode2
show high optical performance, including wide viewing
angle and fast response time. Despite of their superior optical properties, optical transmittance of the S-IPS mode may
be generally lower than the optical transmittance of the
other LC modes such as the twisted-nematic (TN) and FFS
modes because of their mechanical electrode structures and
non-uniform retardation of the liquid-crystal cell due to different director profiles around the electrode. In general, the
optical transmittance can be increased by optimizing the
optical structure and the LC cell structure. However, an
increase in the optical transmittance in the bright state can
be more easily obtained by controlling the structure of the
LC cell compared to controlling the optical configuration.
In order to increase the optical transmittance, Lin et al. has
proposed an electrode structure which can decrease the
cross-talk over each line by controlling the thickness of the
induced organic layer.3,4
In this paper, we propose a novel zig-zag pattern between
the up and down electrodes for the edge area of the electrode, which can reduce the black-matrix (BM) area by moving the disclination to the far edge area of the S-IPS LCD.
For the bulk area in the active area, we applied and optimized the electrode structure by using Lin’s structure. We
optimized the width and distance between each line in
order to block the cross-talk between the pixel and the data
lines. These can induce high optical transmittance com-

pared to that of the conventional structure by reducing the
required BM area. We calculated the director configuration
of the S-IPS cell and the optical transmittance by using the
Q-tensor method.5–9

2

Design of the electrode pattern for the
bulk active area

Figures 1(a) and 1(b) show the conventional structure of the
electrode and calculated optical intensity. The LC material
with positive dielectric anisotropy (∆n = 0.0846 at λ = 589
nm and ∆ε = 8.4) was used in our experiments and simulations. The thickness of the dielectric layer is set to 3 µm and
the cell gap is set to 3.4 µm. The width of the data line and
the common line are set to 10 and 25 µm, respectively. The
width of the pixel line is set to 3.4 µm. Voltages of 14.8 and
7 V were applied to the data line and the common line,
respectively, for operation. In addition, 13.8 and 6 V were
applied to the pixel line for the bright state and dark state,

FIGURE 1 — Light leakage due to crosstalk in the conventional IPS LC
cell in the dark state: (a) the electrode structure, (b) calculated optical
transmittance in the dark state.
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FIGURE 2 — Improved light leakage by using the proposed electrode
structure for bulk active areas: (a) the electrode structure, (b) calculated
optical transmittance in the dark state.

respectively. The conventional structure of the electrode
exhibits serious light leakage between the data line and the
common line as shown in Fig. 1(b). Therefore, we normally
use the BM layer in order to block the light leakage. As for
the conventional LC cell, the required width of the BM was
calculated to be 36 µm for blocking the light leakage.
Figure 2(a) shows the novel structure of the electrode
by introducing shielding patterns in another organic layer
proposed by Lin.3 Lin who had shown that the crosstalk can
be effectively reduced by controlling the thickness of the
organic layer in the proposed structure. However, it is not
sufficient to prevent the cross-talk because they did not
optimize the electrode structure in the cell. In order to complete the optimization that can decrease the BM area and
the light leakage between the data line and the pixel, we
inspected the optical characteristics of the LC cell regarding
the cross-talk as functions of the width of the common line,
the shielding pattern, and the pixel line. The width and
depth of each electrode of the proposed structure are the
same as for the conventional structure. Instead, 7 V was
applied to the shielding pattern.
In order to optimize the proposed electrode structure,
we observed the cross-talk and light leakage of the LC cell
by changing each parameter as shown in Table 1 so that we
could optimize the three parameters including the width of
the common line, the shielding pattern, and the distance
between the data line and shielding pattern. In the Table 1,
condition ref. represents the conventional structure and the
condition number represents the combination of conditions
of the three parameters, which are the width of the common
line, the width of the shielding pattern, and the distance
TABLE 1 — Observation conditions for inspecting the cross-talk as
functions of three parameters which are the width of the common line,
the shielding pattern, and the distance between the data line and
shielding pattern.
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FIGURE 3 — Calculated electro-optical properties related to the
cross-talk: (a) light luminance in the dark state, (b) capacitance between
the data line and the pixel line, (c) luminance ratio of the white and the
black state.

between the data line and shielding pattern, to calculate the
luminance in the dark state, the capacitance between the
data line and the pixel line, and the luminance ratio of the
white and the black states.
Optimization of the width of the electrodes has been
performed by evaluating the three electro-optical properties related to the cross-talk and the light leakage, which are
light luminance in the dark state, capacitance between the
data line and the pixel line, and the luminance ratio of the
white and the black states by using the software TechWiz
LCD (developed by Sanayi system, Korea). From the calculation of the three electro-optical properties, we can optimize the electrode structure by selecting the condition that
has a low value of the three electro-optical properties which
implies little cross-talk and light leakage.
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of the IPS LC cell with the optimized electrode structure in
the bulk active area. By comparing the light leakage between
Figs. 2(b) and 1(b), we can confirm that the light leakage of
the IPS LC cell can be effectively reduced by applying the
optimized structure. Figure 4 shows a comparison between
the optical intensity of the Super IPS LC cell between the
conventional structure and the optimized proposed structure. In Fig. 4, we could recognize that the required width
of the BM can be reduced to 30 µm from 36 µm by applying
the optimized proposed LC structure so that the optical
transmittance increased to 4.3% by calculation in the singledot area.

3

Design of the electrode pattern for edge
area

In general, S-IPS LC cells can store high strain energy in a
very small area at the edge of the electrode, so we can observe
intrinsic unstable dynamic behavior of the LC director
around the edge of the electrode. Therefore, the instability
of the LC director around the edge causes disclination on
the edge of the electrode, and we need to reduce the disclination area that requires cover by using the BM. Figures
5(a) and 5(c) show the conventional shape of the electrode
edge in the super IPS LC cell and the optical intensity,

FIGURE 4 — Comparison of the calculated optical intensity between the
conventional LC cell and the proposed LC cell: (a) the calculated optical
intensity of the conventional LC cell, (b) the calculated optical intensity
of the proposed LC cell. Dashed lines imply the required BM area for
blocking the light leakage.

Figure 3 shows the calculated results in each condition
listed in Table 1. In Fig. 3, we can observe that the shielding
electrode effectively blocks the cross-talk and light leakage
compared to that of the conventional structure. In particular, we can also observe that large width of the common electrode and shielding pattern, and the large distance between
the data line and shielding line can reduce the cross-talk and
light leakage as shown in Fig. 3. Therefore, the optimized
condition of the electrode structure can be obtained by
applying 30 µm of the width of the common line, 5 µm of
the width of the shielding pattern, and 3 µm of the distance
between data line and shielding pattern from the results of
the Fig. 3. Figure 2(b) shows the calculated light intensity

FIGURE 5 — The shape of the electrode edge and the calculated optical
transmittance: (a) the conventional structure, (b) the proposed structure,
(c) the optical transmittance of the conventional structure, (d) the optical
transmittance of proposed structure, (e) the calculated director profile
around the edge of the conventional electrode, and (f) the calculated
director profile around the edge of the proposed electrode.
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respectively. In Fig. 5(c), the solid circle shows the generated defect around the edge. In order to block the non-uniform light intensity, another BM is needed around the edge.
In order to reduce the required BM area for the edge
electrode, we optimized the shape of the electrode edge as
shown in Fig. 5(b). The optimized edge structure applies
the alternative peak to the valley structure between the up
and down electrodes. This structure can permit the zig-zag
pattern between the up and down electrodes so that we can
reduce the required BM area. In addition, the optimized
shape of the electrode edge permits the generated disclination on the edge to move to the far edge area of the electrode in the pixel so that it will also help the required BM
area to be reduced. Figure 5(d) shows the optical intensity
of the S-IPS LC cell with proposed shape of the edge electrode as shown in Fig. 5(b). A solid circle in the figure shows
the calculated defect area. Compared to the conventional
structure, the generated defect of the proposed structure
gets closer to the electrode edge. Figures 5(e) and 5(f)
shows the calculated LC director profiles, including the
defects around the edge area of the conventional and the
proposed electrode. The shape of the edge electrode makes
non-uniform potential distribution when we apply the voltage, so that defects can occur around the edge. The solid
lines in Figs. 5(e) and 5(f) show the generated defects
around the edge electrode due to the applied voltage.

FIGURE 7 — Calculated optical intensity on the proposed electrode
pattern. Dashed rectangle represents the required BM area.

The calculation for the optical characteristic of the
proposed electrode and the conventional structure was performed by using the Q-tensor method instead of the vector
method because of the calculation of the LC director field
with disclinations around the edge of the electrode.5–9
By using the electrode pattern as shown in Fig. 5(b),
we designed a zig-zag electrode pattern which can reduce
the BM area as shown in Fig. 6. Figure 6(a) shows the conventional electrode around the edge that should keep the 36
µm of the BM height in order to block the disclination and
cross-talk between the up and down active area. By using the
zig-zag electrode pattern as shown in Fig. 6(b), however, we
could reduce the BM height to 24 µm. The calculated area
between the up and down active area is considered to be
cross-talk free. Figure 7 shows the calculated optical
intensity of the S-IPS LC cell with the proposed edge-electrode pattern. As a result, the calculated optical intensity of
the proposed edge structure increased 35% compared to
that of the conventional structure in the single-dot area.

4

Conclusions

We propose a novel electrode pattern for both the bulk and
edge area in the S-IPS LCcell in order to increase the aperture ratio and the optical transmittance. We optimized the
electrode structure with a shielding pattern as well as data
and common lines in the bulk active area by inspecting the
electro-optic characteristics. In addition, we also proposed
a zig-zag electrode pattern on the edge area in the S-IPS LC
cell that can effectively reduce the required BM area. From the
calculation, we found that the active area can be increased
to about 35% compared to that of the conventional structure
by reducing the required BM area which blocks the disclination area.
FIGURE 6 — The structure of the electrode of the edge: (a) the
conventional pattern, (b) the proposed zig-zag electrode pattern. The
rectangular area with the blue line represents the required area for
covering disclination. Dashed rectangle represents the required BM area.
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