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We investigated the dynamic stability of disclination lines (DLs) generated near pixel edges for fringe-field switching (FFS)
mode with a wedged shape common electrode. Actually, in the FFS mode with a liquid crystal (LC) of positive dielectric
anisotropy, the LC dynamic is very unstable near pixel edges. There are strong field competitions between the adjacent active
region and the pixel edge with a patterned slit at a bias voltage so that DLs are observed at the boundary. A reverse twist force
near the pixel edges is strong at a high voltage and pushes DLs into the active region, resulting in a decreased transmittance in
the panel. Thus, to solve this problem, another force is needed to make DLs remain near the pixel edges. In this study, we
proposed an advanced FFS structure with a wedge-shaped common electrode. This structure produces a strong horizontal
electric field due to the wedge-shaped common electrode extended near the data bus line. As a result, it can reduce portions of
the reverse twist force in the panel and make DLs remain near the pixel edges. Also, it eliminates the distortion of pixel and
data signals preventing the complete extension of a common electrode through the use of a wedge-shaped electrode.
[DOI: 10.1143/JJAP.45.883]
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1. Introduction

Recently, many types of liquid crystal displays (LCDs)
that have their own unique properties have been proposed
and developed. The most common wide viewing LCDs are
the LC modes such as in-plane switching (IPS)1,2) and
fringe-field switching (FFS) modes,3–5) where the LC
director rotates almost in plane.

The IPS mode driven by in-plane switching has a
advantages such as a wide viewing angle, however, it has
an intrinsically low transmittance because the LCs at the
center of the pixel electrode do not rotate. To solve the
problem, FFS mode driven by the fringe electric field has
been proposed. FFS mode has good electro-optic character-
istics such as a high transmittance and a wide viewing angle.
In this FFS mode, we must consider the LC dynamic
stability near pixel edges. Actually, the electric field
direction near the edge of a pixel with a slit pattern is
different from that in a main active area. Consequently, the
LCs near the edge of a pixel and in the main active area do
not rotate in the same direction at the applied voltage, thus,
the LCs collide with each other with bias voltage and then
the reverse twist regions appear. In the reverse twist regions,
the LCs have a different orientation compared with
neighboring active LCs, so that the disclination lines (DLs)
are formed at the boundary.6) The stability of DLs also
depends on the dielectric anisotropy of the LCs and the
applied voltage.7) Particularly, when using the LC with
positive dielectric anisotropy, DLs become unstable at a high
applied voltage and deeply permeate into the main active
area. Therefore, it needs another force to make DLs remain
near the pixel edge even if a high voltage or an external
pressure is applied. Actually, DLs have dynamic stability
when the horizontal electric field generated between the data
bus line and common electrode is larger than that of the
reverse twist field. Moreover, the horizontal field increases

as the distance between them decreases. However, there is a
limit as how close a common electrode can get to the data
line with the alternating voltage due to the RC delay of data
and pixel signals. To overcoming these problems, we
proposed an advanced FFS structure with a wedge-shaped
common electrode, for which only the common electrode
near the pixel edges producing the reverse twist region
extends to the data signal, causing the load in the panel to
decrease by one-half compared with the complete extension
of the common electrode. Moreover, it obtains a dynamic
stability of DLs near the pixel edges due to the wedge-
shaped common electrode that extended to the data line. In
this study, we observed the dynamic stability of DLs near the
pixel edges and the electro-optic properties for the advanced
FFS structure through three-dimensional simulations.

2. Experiment and Simulational Results

Figure 1 shows the side view of the FFS mode with a
fringe field line. In the structure, the electrodes exist only on
the bottom substrate. The common electrode exists in a
plane form with the passivation layer. The pixel electrode
with patterned slits has with a width (w) of 3 mm and a
distance (l0) of 5 mm between them. Liquid crystal with
physical properties (�n ¼ 0:098 at � ¼ 589 nm, �" ¼ 8:2),
was used for the experiment and simulation. Here, the strong
anchoring of LC to the surface is assumed. The surface
pretilt angle for both substrates is 2�, the initial rubbing
angle is 0� with respect to the horizontal component (Ex) of
the fringe electric field and the cell gap (d) is 3.6 mm.

First, we observed the inner panel after a high voltage was
applied for analyzing LCs having unstable dynamic proper-
ties near the pixel edge in the FFS mode. As shown in Fig. 2,
DLs occur at the operation voltage (Vop) of approximately
4V, Furthermore, unstable DLs extend into the main active
region at the high applied voltage of 5.5 V. Actually, there
were the field competitions near the Vop. Moreover, the
unstable force that generated the reverse twist near the pixel
edge was larger than the twist force near an adjacent active�E-mail address: misuk7287@boehydis.com
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area at a high voltage. As a result, DLs were deeply pushed
into the main active areas. At that time, if another force
existed to make the DLs remain near the pixel edge, we
could have reduced the portion of the reverse twist force in
the panel and obtained a dynamic stability of the DLs. This
is possible through use of a strong horizontal electric
composition (Ex), such as the electric field induced between
the data bus line and common electrode. The horizontal field
increases as the horizontal distance between the common
electrode and data line decreases. However, there are limits
as to how close the common electrode can get to the data
line with an alternating signal. If the common electrode is
very close to or overlaps to the data bus line for the
horizontal field, data and pixel signal delay occurs in the
panel and there is distortion of their signals.

Figures 3(a) and 3(b) show time-dependent signal varia-
tion of the gate, data, common and pixel electrode before
and after the whole extension of the common electrode near
the data line in the pixel. As has been shown, the gate
voltage of 20V is applied for the initial 20 ms and the applied
data voltage with alternating signal is changed to 0 and 8V
before the whole extension of the common electrode,
whereas it is only changed to 0 and 5V after the whole
extension of the common electrode, a similar behavior is
seen in pixel electrodes. It shows that data and pixel signal
delays occur in the panel when the common electrode is very

close to the data line with alternating signal, causing their
signals to distort, as shown in Fig. 3(b). This phenomenon is
notable for medium or large applications such as monitors or
television products. Therefore, it is impossible to extend the
whole common electrode near the data line for the strong
horizontal field near the pixel edge. For preventing the
distortion of signals in the panel and maintaining the strong
field near the pixel edge, we proposed the advanced FFS
structure with a wedge-shaped common electrode, as shown
in Fig 4. Here, only the common electrode near the pixel
edge producing the reverse twist is enlarged near the data
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Fig. 1. Schematic diagram of the side view in the FFS mode.
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Fig. 2. Transmittance in panel according to applied voltage: (a) 4, (b) 4.8,

and (c) 5.5V.
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Fig. 3. Calculated results of time-dependent signal variations before and

after whole extension of common electrode in pixel: (a) before whole

extension of common electrode, and (b) after whole extension of common

electrode.
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line so that the common electrode has a wedge shape. The
slit angle of the pixel electrode (�) is 7�.

For the detailed analysis of the horizontal electric field
affecting the DL dynamic stability in this structure, we
performed a computer simulation. For the simulation, we
used the commercially available software ‘‘Techwiz LCD’’
(Sanayi System, Korea), where the motion of the LC director
is calculated basis of the Eriksen–Leslie theory and the 2� 2

Jones matrix8) is applied for optical transmittance calcula-
tion.

Figures 5(a) and 5(b) represent the simulation trans-
mittances of a conventional structure without a wedge-
shaped common electrode and an advanced structure with a

wedge-shaped common electrode, respectively. As shown in
Fig. 5, the structure with a wedge-shaped common electrode
that extended to the data line barely generates transmittance
by the reverse twist domain compared with the conventional
structure at Vop. Moreover, the DLs do not permeate into the
active region unlike the conventional structure. It shows that
LC dynamic stability near the pixel edge of the advanced
structure is better than that of the conventional structure.

Next, we observed the profile of the LC director for the
different structures for the detail analysis of LC dynamic
stability. Figures 6(a) and 6(b) show the twist angle of the
LC for the structures without and those with a wedge-shaped
common electrode along the vertical axis in the z-direction,
respectively. Here, A, B, and C represent simulation
positions for analyzing the LC dynamic stabilities and they
are 10, 8, and 6 mm from the data bus line, respectively. The
distance between the common electrode and the data line for
the conventional structure is 5 mm, the distance between the
extended common electrode and the data bus line for the
advanced structure is 1 mm. In the case of the conventional
structure, LC in the A position twists by 60� near z=d ¼ 0:1.
LC in the B position barely twists, where the dark DLs exist.
LC in the C position reverse twists by �45� near z=d ¼ 0:1.
This shows that there are strong field competitions between
the adjacent active area and pixel edge so that the DLs
exhibit at the boundary. On the other hand, in the advanced
structure with a wedge-shaped common electrode, LC in the
A and B positions twists more than 45� near z=d ¼ 0:1.
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Fig. 4. Schematic diagram of top view in the advanced FFS structure with

a wedge-shaped common electrode.
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Fig. 5. Calculated transmittance according to shape of common electrode:

(a) without a wedge-shaped common electrode, and (b) with a wedge-

shaped common electrode.
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Fig. 6. LC director profile according to shape of common electrode: (a)

without a wedge-shaped common electrode, and (b) with a wedge-shaped

common electrode.
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Moreover, the LC in the C position reverse twists approx-
imately �15� near z=d ¼ 0:1. This shows that the reverse
twist force for the advanced structure is less than that for the
conventional one, therefore, DL dynamic near the pixel edge
is very stable and DLs remain near the pixel edge.

Next, we analyzed the horizontal component of the fringe
electric field with respect to the x-axis at the simulation
positions. Figures 7(a)–7(c) show the horizontal electric
field along the vertical axis with respect to the z-direction at
A, B, and C positions, respectively. As shown, the horizontal
electric field for the advanced structure is larger than that for
the conventional one except for the A position, which is a
remote distance from the data line. Therefore, we find that
the dynamic stability of DLs for the advanced structure with
a wedge-shaped common electrode is excellent.

3. Conclusions

We investigated the dynamic stability of DLs generated
near the pixel edge for the FFS mode with a wedge-shaped
common electrode. Near the pixel edge, there are field
competitions between an adjacent active region and the pixel
edge with a patterned slit at the Vop so that DLs are formed.
The reverse twist force near the pixel edge is strong at a high
voltage, causing the DLs to be pushed into the active area.
As a result, the transmittance in the panel decreases. To
solve this problem, another force is needed to make the DLs

remain near the pixel edge even if a high voltage is applied.
In this study, we proposed an advanced FFS structure with a
wedge-shaped common electrode. This structure produces a
strong horizontal electric field due to the wedge-shaped
common electrode enlarged near the data bus line. The field
decreases the portion of the reverse twist force in the panel
and maintains DLs near the pixel edges. Therefore, DLs near
a pixel edge have dynamic stability.

Also, because only the common electrode near the pixel
edge generating the reverse twist region extends to the data
signal in this structure, the load in the panel decreases by
one-half compared with the complete extension of the
common electrode, thus it prevents the distortion of pixel
and data signals.
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Fig. 7. Distribution of horizontal electric field according to shape of common electrode: (a) A position, (b) B position, (c) C position.
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