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The in-plane switching (IPS) mode in liquid crystal displays is known to exhibit a wide
viewing angle. However, since the LC director rotates in one direction in the plane, devices
with a single domain exhibit both a colour shift depending on the viewing angle, and grey-
scale inversion at specific angles especially at low grey levels. This has been improved by
wedge shaped electrodes so that fields in two directions exist inside a pixel, causing the LC
molecules to rotate in opposite directions to compensate each other; this acts as a virtual two
domains structure. Nevertheless, the colour shift still exists to some extent, especially at low
grey levels. In this paper, we propose a realistic two-domain IPS mode that exhibits a
minimized colour shift at all grey levels on changing the viewing direction. In this device, the
LC molecules are initially aligned in two directions orthogonal to each other, and two field
directions exist perpendicular to each other. We have performed device simulations with
respect to viewing angle characteristics, and found that IPS devices with a real two-domain
structure reduce the variation of the retardation more effectively, when the viewing direction

changes.

1. Introduction

Recently, the image quality of liquid crystal displays
(LCDs) using the thin film transistor as an operating
switch has been improved greatly by several wide viewing
angle technologies. In particular, in-plane field switching
(IPS) [1-4] and fringe-field switching (FFS) [5-8]
modes are typical examples of such approaches. In both
modes, the LC molecules are homogeneousl y aligned with
the optic axis coincident with one of the crossed polarizer
axes in the dark state. In the bright state, the in-plane
field and fringe-field modes drive the LC molecules to
rotate in-plane and almost in-plane, respectively. Both
modes show relatively good uniformity in transmittance,
owing to the in-plane rotation of the LC director.
However, both devices show a colour shift at off-normal
directions, especially along directions perpendicular and
parallel to the director in the on-state, since the director
rotates in one direction. In order to overcome such a
problem, a wedge-shaped electrode was suggested; that
is, two different field directions are constructed inside a
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pixel so that with bias voltage the LC molecules rotate
in two directions, clockwise and anti-clockwise imitating
a virtual two-domain [9]. This approach compensates
effectively for the variation of retardation of the cell only
in the high grey level of the white state, because in that
state two LC directors in a pixel are twisted perpendicular
to each other. In other words, the light propagates parallel
to the LC director in one half and perpendicular to it
in the other half.

We have proposed a pixel structure and an LC
alignment to minimize the viewing angle dependency of
the retardation of the cell at all grey levels. In the pixel
of the new device, the LC molecules are aligned in two
directions separated by an angle of 90°, as are the field
directions, and thus it has a real two-domain structure.
On application of the bias voltage, the two LC directors
rotate clockwise and anticlockwise with an angle of 90°
difference to each other in all grey levels; that is, the
asymmetry in the light transmission dependent on view-
ing direction is minimized. In this paper, we report
simulation results on viewing angle characteristics for
the IPS device with single domain (1-D), virtual 2-domain
(V2-D) and real 2-domain (R2-D) structures.
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2. Cell structure of the IPS device with 1-D, V2-D,
and R2-D structures
In the IPS device the birefringent LC medium is under
crossed polarizers, and the normalized light transmission
is given by [9]:

T /Ty =sin®(2y) sin® (rdAn(0, $)/ 1) = sin*(2y) sin*(6/2)

where i is the angle between the crossed polarizers and
the LC director, d is a cell gap, An is the birefringence
of the liquid crystal medium dependent on polar (6) and
azimuthal (¢) angles, 1 is the wavelength of incident light,
and ¢ is the retardation of the cell. Figure 1 shows a
cross-section of the IPS cell structure with a configuration
of the LC director in the OFF (dark) and ON (bright)
states. In the device, the pixel and counter electrodes
exist only on one substrate. In the OFF state, the LC
molecules are homogeneously aligned with the optic axis
coincident with one of the axes of the crossed polarizers
so that the cell appears black. In the ON state, with
increasing bias voltage, the horizontal field drives the
LC molecules between the electrodes to rotate almost
in plane such that s is increased, giving rise to trans-
mission between the electrodes. In the fully bright state,
the average degree of rotation of the LC director, s is 45°.

Figure 2 shows the structure of one pixel in the IPS
device with a thin film transistor (TFT) and a con-
figuration of the LC director in the initial state for the
1-D, V2-D, and R2-D arrangements. A LC with negative
dielectric anisotropy is used, so that the LC molecules
align perpendicular to the field direction. In the 1-D
device, the pixel and counter electrodes are patterned in
a slit form so that the horizontal field generated mainly
in one direction, when a voltage is applied. In this case,
the LC director is aligned using conventional rubbing
or photoalignment techniques [10] and makes some
angle with the field direction. In the V2-D device, the

pixel and counter electrodes are patterned in a wedge
form, so that the field directions in one pixel are different
from each other. In this device, the LC molecules are
aligned in the horizontal direction. In this way, on
applying the bias voltage the LC molecules in the upper
and bottom halves of one pixel rotate anticlockwise and
clockwise, respectively. In the R2-D device, the pixel
and counter electrodes are patterned in a form that can
generate horizontal fields in vertical and horizontal
directions inside a pixel; also the LC molecules in one
pixel are aligned in two directions perpendicular to each
other at some angle with the applied field. Such an
alignment is possible using photoalignment techniques.
In this device, the optic axes of the LC director in one
pixel are always coincident with one of the transmission
axes of the crossed polarizers such that it also gives a
dark state in the OFF state. When a voltage is applied,
the LC director rotates in only one direction, either
clockwise or anticlockwise, dependent on the initial align-
ment of the LC molecules. In the case of figure 2(c), the
LC molecules rotate counterclockwise.

Figure 3 describes the configurations of the LC director
under crossed polarizers in the low, mid, and brightest
grey (white) levels for the devices with 1-D, V2-D and
R2-D structures. As indicated, in the low grey level the
transmission is about 10%, and the LC directors deviate
from one of the axes of the crossed polarizer by an
average value of  =9.2°. In these cases, the LC molecules
rotate, respectively, in one direction, two directions
symmetrically along the horizontal axis, and counter-
clockwise but orthogonal to each other for 1-D, V2-D,
and R2-D. In the mid and the brightest grey levels, the
LC directors deviate from the initial alignment by an
average value y = 22.5° and 45°, respectively in the same
way as in the low grey level. Consequently, in the TIPS
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Figure 1. Cross-sectional view of the IPS cell structure with configuration of the LC molecules in the (@) OFF and (b) ON states.
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Figure 2. One pixel structure of the
IPS device with TFT and con-
figurations of the LC director for
(a) 1-D, (b) V2-D and (c) R2-D
structures. @)

device with 1-D structure the LC director rotates only
in one direction so that the difference in retardation
values parallel (6,) and perpendicular (6,) to the LC
director in the twisted state is a maximum in all grey
levels, causing bluish and yellowish colour shifts in the
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white state parallel and perpendicular to the LC directors
[9]. In the IPS device with V2-D structure, the difference
(0) in phase retardation along and perpendicular to the
LC director becomes reduced compared with that of
the 1-D structure in the grey levels, although it is still

A
A

Figure 3. Configuration of the LC
director in the IPS devices with
1-D, V2-D and R2-D structures
at (a) V1o, (b) Vso and (c) Vioo-
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not enough to minimize it. Nevertheless, in the white
level it becomes a minimum, reducing the colour shift
to the viewing directions, since the two LC directors
in one pixel are twisted perpendicular to each other.
However, for the IPS device with R2-D structure, the
two LC directors in one pixel are aligned perpendicular
to each other in all grey levels so that 6 becomes smaller
than that of the V2-D device except for the white level
in which the effect of compensation is the same for both
V2-D and R2-D structures.

3. Simulation results and discussion

In order to confirm the effect of the R2-D structure
in the IPS device, we have performed simulations using
commercially available 2-dimensional software (Shintech,
Inc., Japan) and analysed the results in terms of iso-
luminance and colour shift with varying viewing angles in
three grey levels for the 1-D, V2-D and R2-D cases. For
these simulations, the LC has a birefringence An =0.077
and dielectric anisotropy Ae= —4.0 the cell gap is
3.9 um and the pretilt angle 2°. The width (8 um) of the
electrodes and the distance (10 pm) between them has
been chosen to generate the in-plane field. The trans-
mission is calculated only between the electrodes. Initial
alignment of the LC molecules is defined to have an
angle of 12° from the direction of the horizontal field.

For comparison of the three cases, we selected the
voltages that have light transmission, 10% (V;,) and
50% (Vso) of the maximum transmission at normal
direction. We then calculated the variation of the trans-
mission in terms of the viewing directions up to a polar
angle of 80° in all azimuthal directions with increasing
steps of 10°. Figure 4 shows iso-luminance contours of

the light transmission of the IPS devices for the 1-D,
V2-D, and R2-D cases to the viewing angle at V;, and
Vso. Here, the iso-luminance lines have been selected to
represent 90, 75, 50, 25, and 10% of maximum trans-
mission at given voltages. From the iso-luminance con-
tour, the degree of viewing angle dependence can be
defined by inducing eccentricity (e) that represents the
ratio of long and short axes of the ellipse. As indicated
in figure 4, in 1-D at V},, the maximum transmission
does not exist even at normal direction and also e at
a relative intensity of 50% is much larger than those
in the V2-D and R2-D cases. Furthermore, ¢ becomes
slightly smaller for the R2-D case than for V1-D. Even
at Vs,, e is much larger than one for 1-D but becomes
small with V2-D and close to one for the R2-D case,
meaning that the change of luminance with viewing
direction is the least for R2-D owing to the configuration
of the LC director in two directions perpendicular to
each other. In other words, in the grey level the light
propagates along the long axis of the twisted LC molecules
in half of one pixel but propagates along the short axis
of the twisted molecules in its other half, so that the
viewing angle dependence of luminance is minimized in
all directions given a polar angle.

We have also compared the degree of the colour shift
at Vs, with the viewing directions for these cases, as
shown in figure 5. In the 1-D device, the colour coordi-
nates (x, y) [11] change a maximum of about (0.1, 0.1)
as the viewing direction changes. However, the degree
of colour shift is reduced in V2-D, and furthermore the
maximum is less than (0.05, 0.05) in the R2-D case.
Although in figure 5 it is difficult to identify data associ-
ated with each viewing angle due to the small amount

Figure 4. Iso-contour of the light transmission of the IPS device in relation to the viewing angle for (¢) 1-D, (b) V2-D, and
(b) R2-D modes at Vy, and Vs,.
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Figure 5. Colour shift in relation to the viewing angle in
IPS devices with (a) 1-D, (b) V2-D, and (b) R2-D structures
at Vs()-

of the colour shift, we are able to know from the degree
of dispersion of the data that the R2-D device is the
most effective in reducing the viewing angle dependence
of luminance and colour coordinates.

4. Summary
We propose a new cell structure from IPS device that
generates fields in vertical and horizontal directions with
two different alignments of the LC molecules perpen-

dicular to each other. We have performed simulations
to evaluate the viewing angle characteristics by calcu-
lating luminance and colour coordinates in relation to
the viewing directions and found that the new device is
the most effective in reducing the viewing angle depend-
ence of luminance and colour characteristic, compared
with single and virtual 2-domain structures.
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