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(57) ABSTRACT

The present invention provides a liquid crystal display device
which is capable of reducing occurrence of white-floating
and/or color tone change. The present invention relates to a
liquid crystal display device, comprising: a first substrate and
a second substrate disposed opposite to each other; and a
liquid crystal layer between the first substrate and the second
substrate. The first substrate has a first comb-shaped electrode
and a second comb-shaped electrode. The first electrode and
the second electrode are planarly disposed opposite to each
other in a pixel. The second substrate has a third electrode
which is partially disposed in the pixel and is configured to be
supplied with a predetermined electric potential. The liquid
crystal layer includes a p-nematic liquid crystal which is
configured to be aligned perpendicularly to substrate surfaces
of'the first substrate and the second substrate when no voltage
is applied. In the plan view of'the first substrate and the second
substrate, the liquid crystal display device has a first gap and
a second gap between the first electrode and the second elec-
trode; further, the first gap is covered with the third electrode
and the second gap is not covered with the third electrode.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. The present invention specifically relates to a
display device which is suitably used for a transverse bend
alignment (TBA) liquid crystal display device.

BACKGROUND ART

[0002] Liquid crystal display devices are widely used for
applications such as televisions and monitors for personal
computers because they consume less power and can have a
light weight and a thin profile. In a general liquid crystal
display device, liquid crystal molecules are tilted depending
on an applied voltage and the angle of this tilting controls
light transmission; that is, the light transmittance of the liquid
crystal display shows angle dependence. As a result, prob-
lems such as reduction in contrast ratio and tone inversion
upon halftone display occur when the display is viewed from
a certain direction. Thus, conventional liquid crystal display
devices generally have insufficient viewing angle character-
istics, and are desired to be improved in this respect.

[0003] Insuch a situation, a vertical-alignment (VA) liquid
crystal display device, which has a high contrast ratio, has
been developed in recent years. In the VA mode, liquid crystal
molecules are aligned substantially perpendicularly to sub-
strates when a voltage between the substrates is 0V, while the
liquid crystal molecules are aligned substantially horizon-
tally to the substrates when a voltage between the substrates is
sufficiently larger than the threshold value. Further, an align-
ment-dividing technique has been developed. In this tech-
nique, one pixel is divided into two or more regions and the
director of the liquid crystal molecules in one region is dif-
ferent from that in another region. In a liquid crystal display
device of this technique, the liquid crystal molecules are
aligned in different directions from region to region in the
pixel when a voltage is applied to the liquid crystal layer,
resulting in improvement of the viewing angle characteristics
of the liquid crystal display device. The regions having dif-
ferent directors of liquid crystal molecules are also referred to
as domains and the alignment-dividing technique is also
referred to as a multi-domain technique.

[0004] In the alignment-divided VA mode, the alignment
may be controlled by some techniques. For example, a diago-
nal electric field may be used, or ribs or slits formed on a
transparent electrode may be used. The transparent electrode
is generally made of indium tin oxide (ITO). Such a mode of
a liquid crystal display device is known as a multi-domain
vertical alignment (MVA) mode, advanced super view (ASV)
mode, or patterned vertical alignment (PVA) mode, and these
modes are put to practical use. However, display devices with
these modes require a complicated production process. In
addition, they show slow response similarly to the TN mode;
thus, further improvement in these respects has been
demanded.

[0005] Inordertoavoid these problems inthe process of the
VA mode, one display mode is proposed in which a p-nematic
liquid crystal is used as a liquid crystal material and the
p-nematic liquid crystal is driven by a transverse electric field
(this mode is referred to as a “transverse bend alignment
(TBA) mode” herein). In this mode, a transverse electric field
is generated by such an electrode as a comb-shaped electrode,
and the transverse electric field controls orientation of liquid
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crystal molecules. Further, this mode is a vertical alignment
mode, and thus a high contrast ratio can be achieved. In
addition, a display device of this mode has excellent viewing
angle characteristics. Furthermore, this mode does not
require alignment control by protrusions. Thus, the structure
of the pixel is simple and the production thereof can be
simplified.

[0006] On the other hand, another liquid crystal display
device is disclosed which is driven by a transverse electric
field and can precisely control the behavior of a liquid crystal.
This liquid crystal display device comprises first and second
substrates disposed opposite to each other, a liquid crystal
layer charged between the first and second substrates, a first
electrode disposed on the first substrate, and a second elec-
trode disposed on the second substrate at a position shifted
with respect to the first electrode in a direction parallel to the
substrate surfaces, wherein a liquid crystal of the liquid crys-
tal layer is in a state of vertical alignment, and dielectric
anisotropy of the liquid crystal is positive (for example, see
Patent Document 1).

[0007] Patent Document 1: JP 2000-81641 A
DISCLOSURE OF THE INVENTION
[0008] Display modes such as an MVA mode, PVA mode,

and TBA mode are commonly in a normally black mode in
which a nematic liquid crystal is perpendicularly aligned
when no voltage is applied under crossed-Nicols state. In
addition, for the purpose of widening a viewing angle when a
voltage is applied, these modes have what is called a multi-
domain (in-cell self-compensation) structure in which liquid
crystal molecules are symmetrically tilted about the surface-
normal direction of the substrate surface when a voltage is
applied. In these modes, however, the voltage-transmittance
characteristics (VT characteristics) disadvantageously show
different shapes between the surface-normal direction and an
oblique direction (a direction with a polar angle of greater
than 0°) with respect to the substrate surface. This disadvan-
tage is particularly strongly observed at dark-color zones
close to black (dark tones), and the VT characteristics at dark
tones greatly depend on the polar angle. Specifically, dark
images at dark tones (black images) whitely float (are tinged
with white) when the direction of observing the display is
shifted from the surface-normal direction of the display sur-
face to a direction tilted therefrom. This phenomenon is also
called as white-floating. In the case of a color display, color
tones may change when the direction of observing the display
is shifted from the surface-normal direction of the display
surface to a direction tilted therefrom. This change in color
tones occurs due to the same principle as of white-floating.
More specifically, this change in color tones occurs due to
dependence of the VT characteristics of sub-pixels (red,
green, and blue) on a polar angle of the observing direction,

[0009] Such white-floating and color-tone change may also
be observed in the TBA mode. In the TBA mode, the liquid
crystal molecules are aligned in various directions, from sub-
stantially parallel to vertical, with respect to the substrate
surfaces when a voltage is applied. As a result, the liquid
crystal molecules are not symmetrically aligned in multiple
observing directions each having a different polar angle and
the VT characteristics change depending on a polar angle.
Thus, the above-mentioned white-floating and color-tone
change occur in some cases.
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[0010] Even the technique disclosed in Patent Document 1
could not solve the problems of white-floating and color-tone
change.

[0011] The present invention is devised under such situa-
tion, and aims to provide a liquid crystal display device which
can reduce white-floating and/or color-tone change occurring
when the direction of observing the display is shifted from the
surface-normal direction of the display surface to a direction
tilted therefrom.

[0012] The present inventors have variously studied a lig-
uid crystal display device which can reduce white-floating
and/or color-tone change occurring when the direction of
observing the display is shifted from the surface-normal
direction of the display surface to a direction tilted therefrom.
Then, they have focused on a technique of disposing an elec-
trode, which is not a comb-shaped electrode, on the opposite
substrate. As a result, the present inventors have found out
that, in the case that a substrate opposite to another substrate
having a first comb-shaped electrode and a second comb-
shaped electrode has a third electrode which is partially dis-
posed in a pixel and is configured to be supplied with a
predetermined electric potential, and that the third electrode
is disposed so as to form a gap between the first electrode and
the second electrode on which the third electrode exists (cov-
ers) and a gap between the first electrode and the second
electrode on which the third electrode does not exist (does not
cover) in the plan view of the substrates, liquid crystal mol-
ecules start to tilt with a lower voltage and the inclination of
the VT characteristics is made to be gentle in comparison with
the case of no third electrode. Therefore, the present inventors
have considered that the above problems can be excellently
solved and have completed the present invention.

[0013] The present invention relates to a liquid crystal dis-
play device, comprising: a first substrate and a second sub-
strate disposed opposite to each other; and a liquid crystal
layer between the first substrate and the second substrate. The
first substrate has a first comb-shaped electrode and a second
comb-shaped electrode. The first electrode and the second
electrode are planarly disposed opposite to each other in a
pixel. The second substrate has a third electrode which is
partially disposed in the pixel and is configured to be supplied
with a predetermined electric potential. The liquid crystal
layer includes a p-nematic liquid crystal which is configured
to be aligned perpendicularly to substrate surfaces of the first
substrate and the second substrate when no voltage is applied.
In the plan view of the first substrate and the second substrate,
the liquid crystal display device has a first gap and a second
gap between the first electrode and the second electrode;
further, the first gap is covered with the third electrode and the
second gap is not covered with the third electrode.

[0014] This invention enables formation of a region where
liquid crystal molecules (first liquid crystal molecules) are
tilted in a predetermined angle when a voltage is applied on a
region where no third electrode is disposed in a pixel. Simul-
taneously, the invention also enables formation of a region
where liquid crystal molecules are more tilted than the first
liquid crystal molecules on a region where the third electrode
is disposed in the pixel. As a result, the liquid crystal mol-
ecules start to tilt with a lower voltage than in the case that no
third electrode is disposed on the second substrate. Here, the
inclination of the VT characteristics is made gentler than in
the case that no third electrode is disposed on the second
substrate. Therefore, the VT characteristics are less changed
when the direction of observing the display is shifted from the
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surface-normal direction of the display surface to a direction
tilted therefrom, and white-floating and/or color-tone change
(preferably white-floating and color-tone change) can be
reduced.

[0015] The term “perpendicularly” and the like terms
derived therefrom herein are not required to mean precise
perpendicularity as long as a liquid crystal display device can
serve as a TBA liquid crystal display device. In other words,
the term “perpendicularly” and the like terms derived there-
from include “substantially perpendicularly” and the like
derived therefrom.

[0016] The configuration of the liquid crystal display
device of the present invention is not especially limited as
long as it essentially includes such components, and the liquid
crystal display device of the present invention may or may not
include other components.

[0017] Preferable embodiments of the liquid crystal dis-
play device of the present invention are mentioned in more
detail below. The following embodiments may be employed
in combination.

[0018] The third electrode may partially cover the gap
between the first electrode and the second electrode in the
plan view of the first substrate and the second substrate.
[0019] The third electrode may be a band-shaped electrode
which covers the first electrode, the second electrode, and the
first gap together in the pixel (hereinafter, this structure is also
referred to as the “first mode”™). In this case, even if multiple
panels according to the liquid crystal display device of the
present invention are produced and a degree of displacement
in attaching the first substrate and the second substrate is
different among the respective panels, the VT characteristics
can be less different among the panels.

[0020] In the first mode, the ratio of the area of the third
electrode in the pixel is preferably not smaller than 30% and
not larger than 70%, more preferably not smaller than 40%
and not larger than 60%, and further preferably not smaller
than 45% and not larger than 55%, to the area of the pixel. In
this case, occurrence of white-floating and/or color-tone
change (preferably white-floating and color-tone change) can
be effectively reduced regardless of the width of each elec-
trode and the spacing between the electrodes.

[0021] One of the first electrode and the second electrode
may be a pixel electrode and the other of the first electrode and
the second electrode may be a common electrode. The third
electrode may be disposed apart from the pixel electrode in
the plan view of the first substrate and the second substrate. In
this case, occurrence of white-floating and/or color-tone
change (preferably white-floating and color-tone change) can
be more effectively reduced.

[0022] One of the first electrode and the second electrode
may be a pixel electrode which is configured to be supplied
with an alternating current. The other of the first electrode and
the second electrode may be a common electrode which is set
to the electric potential at the amplitude center of the pixel
electrode. The third electrode may be set to the electric poten-
tial at the amplitude center of the pixel electrode.

[0023] As mentioned above, one of the first electrode and
the second electrode may be a pixel electrode which is con-
figured to be supplied with an alternating current (AC volt-
age); the other of the first electrode and the second electrode
may be a common electrode; the electric potential of the
common electrode may be set to the electric potential at the
amplitude center of the alternating current which is to be
applied to the pixel electrode; and the electric potential of the
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third electrode may be set to the electric potential at the
amplitude center of the alternating current which is to be
applied to the pixel electrode. In this case, white-floating
and/or color-tone change (preferably white-floating and
color-tone change) can be reduced while problems such as
liquid crystal degradation, burn-in, and high driving voltage
are also reduced.

[0024] Preferably, the electric potential of the common
electrode is strictly set to the electric potential at the ampli-
tude center of the alternating current which is to be applied to
the pixel electrode; however, it is not necessarily strictly setto
the electric potential at the amplitude center of the alternating
current which is to be applied to the pixel electrode as long as
the aforementioned effects are achieved and the set electric
potential has no influence on display performance. In other
words, the electric potential of the common electrode may be
substantially the same as the electric potential at the ampli-
tude center of the alternating current which is to be applied to
the pixel electrode. Specifically, the electric potential of the
common electrode may be up to about 10 to 20 mV higher or
lower than the electric potential at the amplitude center of the
alternating current which is to be applied to the pixel elec-
trode. In this case, however, poor display performance due to
flicker is feared as a short-term problem, and problems such
as liquid crystal degradation and burn-in are feared as long-
term problems. Thus, the electric potential of the common
electrode is preferably set to the same electric potential as the
electric potential at the amplitude center of the alternating
current which is to be applied to the pixel electrode as much
as possible.

[0025] Further, the electric potential of the third electrode is
preferably set to the electric potential at the amplitude center
of the alternating current which is to be applied to the pixel
electrode strictly; however, it is not necessarily strictly set to
the electric potential at the amplitude center of the alternating
current which is to be applied to the pixel electrode as long as
the aforementioned effects are achieved and the set electric
potential has no influence on display performance. In other
words, the electric potential of the third electrode may be
substantially the same as the electric potential at the ampli-
tude center of the alternating current which is to be applied to
the pixel electrode. Specifically, the electric potential of the
third electrode may be up to about 10 to 20 mV higher or
lower than the electric potential at the amplitude center of the
alternating current which is to be applied to the pixel elec-
trode. In this case, however, the liquid crystal may start to
slightly tilt even if the voltage of the pixel electrode is not
higher than the threshold voltage of the liquid crystal layer. As
a result, even when a voltage is not applied to the pixel
electrode, poor display performance of excessively bright
black color (black tinged with white) may occur when the
display surface is observed diagonally. Further, poor display
performance due to flicker is feared as a short-term problem,
and problems such as liquid crystal degradation and burn-in
are feared as long-term problems. Thus, the electric potential
of the third. electrode is preferably set to the same electric
potential as the electric potential at the amplitude center of the
alternating current which is to be applied to the pixel elec-
trode as much as possible.

[0026] One of the first electrode and the second electrode
may be a pixel electrode which is configured to be supplied
with an alternating current. The other of the first electrode and
the second electrode may be a common electrode which is set
to the electric potential at the amplitude center of the pixel
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electrode. The third electrode may be configured to be sup-
plied with an alternating current having the same phase as the
pixel electrode.

[0027] As mentioned above, one of the first electrode and
the second electrode may be a pixel electrode which is con-
figured to be supplied with a first alternating current (AC
voltage); the other of the first electrode and the second elec-
trode may be a common electrode; an electric potential of the
common electrode may be set to an electric potential at an
amplitude center of the first alternating current; and the third
electrode may be configured to be supplied with a second
alternating current (AC voltage) which has the same phase as
the first alternating current. In this case, white-floating and/or
color-tone change (preferably white-floating and color-tone
change) can be reduced while problems such as liquid crystal
degradation, burn-in, and high driving voltage are reduced.

[0028] Preferably, the electric potential of the common
electrode is strictly set to the electric potential at the ampli-
tude center of the first alternating current; however, it is not
necessarily strictly set to the electric potential at the ampli-
tude center of the first alternating current as long as the
aforementioned effects are achieved and the set electric
potential has no influence on display performance. In other
words, the electric potential of the common electrode may be
substantially the same as the electric potential at the ampli-
tude center of the first alternating current. Specifically, the
electric potential of the common electrode may be up to about
10 to 20 mV higher or lower than the electric potential at the
amplitude center of the first alternating current. In this case,
however, poor display performance due to flicker is feared as
a short-term problem, and problems such as liquid crystal
degradation and burn-in are feared as long-term problems.
Thus, the electric potential of the common electrode is pref-
erably set to the same electric potential as the electric poten-
tial at the amplitude center of the first alternating current as
much as possible.

[0029] Preferably, in this case, the phase of the second
alternating current is strictly the same as that of the first
alternating current; however, it is not necessarily strictly the
same as the phase of the first alternating current as long as the
aforementioned effects are achieved and it has no influence on
display performance. In other words, the third electrode may
be supplied with a second alternating current which has sub-
stantially the same phase as the first alternating current.

[0030] The pixel preferably has multiple domains, and the
third electrode is preferably disposed equally toward the mul-
tiple domains. In this case, occurrence of white-floating and/
or color-tone change (preferably white-floating and color-
tone change) can be reduced in any observing directions.

[0031] Preferably, the third electrode is strictly disposed
equally toward the multiple domains; however, it is not
required to be strictly equally disposed as long as the afore-
mentioned effects are achieved. In other words, the third
electrode may be disposed substantially equally toward the
multiple domains. In practical panel production, generally, an
opposite substrate (CF substrate) and an array substrate (T1T-
array substrate) are attached to each other with a displacement
by within +2 pm, as well as electrode patterns are formed with
awidth difference by less than 1 um upon electrode patterning
(photolithography). Thus, further in consideration of the
range of the variations in /S, the third electrode may be
displaced by within 1 pum from the position where it is strictly
equally disposed toward the multiple domains.
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[0032] The liquid crystal display device of the present
invention may be a color liquid crystal display device, and the
pixel may be a sub-pixel.

EFFECT OF THE INVENTION

[0033] The liquid crystal display device of the present
invention can reduce occurrence of white-floating and/or
color-tone change.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 schematically show the liquid crystal display
device of Embodiment 1; FIG. 1(a) is a plan view; FIG. 1(4)
is a cross-sectional view at the A1-A2 line in FIG. 1(a); and
FIG. 1(c) is an image showing the arrangement of the absorp-
tion axes of a pair of polarizers in the plan view of the display
surface.

[0035] FIG. 2 show the simulation results of the liquid
crystal display device of Embodiment 1; FIG. 2(a) shows
lines of electric force in the cross-sectional view; and FIG.
2(b) shows the lines of electric force and liquid crystal direc-
tors in the cross-sectional view.

[0036] FIG. 3 shows the VT characteristics of the liquid
crystal display device of Embodiment 1 obtained in the simu-
lation.

[0037] FIG. 4 is a schematic cross-sectional view showing
the liquid crystal display device of Comparative Embodiment
1

[0038] FIG. 5 show the simulation results of the liquid
crystal display device of Comparative Embodiment 1; FIG.
5(a) shows lines of electric force in the cross-sectional view;
and FIG. 5(b) shows the lines of electric force and liquid
crystal directors in the cross-sectional view.

[0039] FIG. 6 shows the VT characteristics of the liquid
crystal display device of Comparative Embodiment 1
obtained in the simulation.

[0040] FIG. 7 shows the comparison result about white-
floating between the liquid crystal display devices of Embodi-
ment 1 and Comparative Embodiment 1.

[0041] FIG. 8 shows the comparison result about white-
floating between the liquid crystal display device of Embodi-
ment 1 with variations in the area ratio of the opposite elec-
trode and the liquid crystal display device of Comparative
Embodiment 1.

[0042] FIG. 9 is a graph showing the dependence between
the effect of reducing white-floating and the area ratio of the
opposite electrode, wherein the luminance ratio in the front
direction is 0.2, 0.5, or 0.8.

[0043] FIG. 10 shows another comparison result about
white-floating between the liquid crystal display device of
Embodiment 1 with variations in the area ratio of the opposite
electrode and the liquid crystal display device of Comparative
Embodiment 1.

[0044] FIG. 11 is a graph showing the dependence between
the effect of reducing white-floating and the area ratio of the
opposite electrode, wherein the luminance ratio in the front
direction is 0.2, 0.5, or 0.8.

[0045] FIG. 12 shows the VT characteristics of the liquid
crystal display device (the area ratio of the opposite elec-
trode=50%, L/S=4 um/10 pm) of Embodiment 1 obtained in
the simulation.
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[0046] FIG. 13 shows the VT characteristics of the liquid
crystal display device (the area ratio of the opposite elec-
trode=0%, L/S=4 nm/10 pm) of Comparative Embodiment 1
obtained in the simulation.

[0047] FIG. 14 shows the comparison result about white-
floating between the liquid crystal display device of Embodi-
ment 1 with variations in the applied voltage and the liquid
crystal display device of Comparative Embodiment 1.
[0048] FIG. 15 shows the VT characteristics of the liquid
crystal display device (Applied Voltage Variation 3) of
Embodiment 1 obtained in the simulation.

[0049] FIG. 16 shows the VT characteristics of the liquid
crystal display device (Applied Voltage Variation 4) of
Embodiment 1 obtained in the simulation.

[0050] FIG. 17 shows the VT characteristics of the liquid
crystal display device (Applied Voltage Variation 5) of
Embodiment 1 obtained in the simulation.

[0051] FIG. 18 shows the VT characteristics of the liquid
crystal display device (Applied Voltage Variation 7) of
Embodiment 1 obtained in the simulation.

[0052] FIG.19isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 2.

[0053] FIG. 20 show the simulation results of the liquid
crystal display device of Embodiment 2; FIG. 20(a) shows
lines of electric force in the cross-sectional view; and FIG.
20(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view.

[0054] FIG. 21 shows the VT characteristics of the liquid
crystal display device of Embodiment 2 obtained in the simu-
lation.

[0055] FIG.22isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 3.

[0056] FIG. 23 show the simulation results of the liquid
crystal display device of Embodiment 3; FIG. 23(a) shows
lines of electric force in the cross-sectional view; and FIG.
23(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view.

[0057] FIG. 24 shows the VT characteristics of the liquid
crystal display device of Embodiment 3 obtained in the simu-
lation.

[0058] FIG.25isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 4.

[0059] FIG. 26 show the simulation results of the liquid
crystal display device of Embodiment 4; FIG. 26(a) shows
lines of electric force in the cross-sectional view; and FIG.
26(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view.

[0060] FIG. 27 shows the VT characteristics of the liquid
crystal display device of Embodiment 4 obtained in the simu-
lation.

[0061] FIG.28isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 5.

[0062] FIG. 29 show the simulation results of the liquid
crystal display device of Embodiment 5; FIG. 29(a) shows
lines of electric force in the cross-sectional view; and FIG.
29(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view.

[0063] FIG. 30 shows the VT characteristics of the liquid
crystal display device of Embodiment 5 obtained in the simu-
lation.

[0064] FIG. 31 shows the comparison result about white-
floating among the liquid crystal display devices of Embodi-
ments 1 to 5 and Comparative Embodiment 1.
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[0065] FIG. 32 is aschematic cross-sectional view showing
the liquid crystal display device of Comparative Embodiment
2.

[0066] FIG. 33 show the simulation results of the liquid
crystal display device of Comparative Embodiment 2; FIG.
33(a) shows lines of electric force in the cross-sectional view;
and FIG. 33(b) shows the lines of electric force and liquid
crystal directors in the cross-sectional view.

[0067] FIG. 34 shows the VT characteristics of the liquid
crystal display device of Comparative Embodiment 2
obtained in the simulation.

[0068] FIG. 35 shows another comparison result about
white-floating between the liquid crystal display device of
Embodiment 1 with variations in the area ratio of the opposite
electrode and the liquid crystal display device of Comparative
Embodiment 1.

[0069] FIG. 36 shows the VT characteristics of the liquid
crystal display device (area ratio of opposite electrode=0%,
L/S=2 pm/7 pm) of Comparative Embodiment 1 obtained in
the simulation.

[0070] FIG. 37 shows the VT characteristics of the liquid
crystal display device (area ratio of opposite electrode=30%,
L/S=2 pm/7 um) of Embodiment 1 obtained in the simulation.
[0071] FIG. 38 shows the VT characteristics of the liquid
crystal display device (area ratio of opposite electrode=50%,
L/S=2 pm/7 um) of Embodiment 1 obtained in the simulation.
[0072] FIG. 39 shows the VT characteristics of the liquid
crystal display device (area ratio of opposite electrode=70%,
L/S=2 pm/7 um) of Embodiment 1 obtained in the simulation.
[0073] FIG. 40 shows the VT characteristics of the liquid
crystal display device (area ratio of opposite elec-
trode=100%, L/S=2 pm/7 um) of Comparative Embodiment
obtained in the simulation.

[0074] FIG. 41 shows the VT characteristics of the liquid
crystal display device (Applied Voltage Variation 6) of
Embodiment 1 obtained in the simulation.

MODES FOR CARRYING OUT THE INVENTION

[0075] The present invention will be mentioned in more
detail referring to the drawings in the following embodiment,
but is not limited to this embodiment.

[0076] In the following embodiments, the 3 o’clock direc-
tion, 12 o’clock direction, 9 o’clock direction, and 6 o’clock
direction in the plan view of the liquid crystal display device
(on the display surface) are regarded as the 0° direction (azi-
muth), 90° direction (azimuth), 180° direction (azimuth), and
270° direction (azimuth), respectively; the direction passing
the 3 and 9 o’clock positions is regarded as the horizontal
direction, and the direction passing the 12 and 6 o’clock
positions is regarded as the vertical direction.

Embodiment 1

[0077] The liquid crystal display device of the present
embodiment is a TBA mode liquid crystal display device
among those with an in-plane switching mode in which an
electric field in the substrate surface direction (transverse
electric field) is applied to a liquid crystal layer, and thereby
the orientation of the liquid crystal molecules is controlled so
that an image is displayed.

[0078] FIG. 1 schematically show the liquid crystal display
device of Embodiment 1; FIG. 1(a) is a plan view; FIG. 1(4)
is a cross-sectional view at the A1-A2 line in FIG. 1(a); and
FIG. 1(c) is an image showing the arrangement of the absorp-
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tion axes of a pair of polarizers in the plan view of the display
surface. The following views illustrate only one sub-pixel; the
display area (image-displaying region) of the liquid crystal
display device of the present embodiment includes multiple
sub-pixels arranged in a matrix manner.

[0079] The liquid crystal display device of the present
embodiment comprises a liquid crystal display panel 100.
The liquid crystal display panel 100 is provided with a pair of
substrates disposed opposite to each other, namely, an active-
matrix substrate (TFT-array substrate) 1 and an opposite sub-
strate 2, and a liquid crystal layer 3 disposed therebetween.
[0080] Polarizers (linear polarizers) 11 and 12 are disposed
on the outer main surfaces (surfaces separated from the liquid
crystal layer 3) of the active-matrix substrate 1 and the oppo-
site substrate 2, respectively. As shown in FIG. 1(c), the
polarizer 11 on the active-matrix substrate is disposed such
that the absorption axis 11a is along the vertical direction,
while the polarizer 12 on the opposite substrate 2 is disposed
such that the absorption axis 12a is along the horizontal
direction. In other words, the polarizers 11 and 12 are
arranged in a crossed-Nicols state. Further, the liquid crystal
display panel 100 is a liquid crystal display panel of normally
black mode.

[0081] The active-matrix substrate 1 and the opposite sub-
strate 2 are attached to each other by a sealant which is applied
so as to surround the display area. Further, the active-matrix
substrate 1 and the opposite substrate 2 are disposed opposite
to each other via spacers such as plastic beads. A liquid crystal
material as a display medium constituting an optically modu-
lating layer is charged into a gap between the active-matrix
substrate 1 and the opposite substrate 2, and thereby the liquid
crystal layer 3 is formed in the gap.

[0082] The liquid crystal layer 3 contains a nematic liquid
crystal material (p-nematic liquid crystal material) having
positive dielectric anisotropy. The liquid crystal molecules of
the p-nematic liquid crystal material show homeotropic
alignment when no voltage is applied (no electric field is
generated among the below-mentioned pixel electrode 20,
common electrode 30, and opposite electrode 40) due to
alignment-control force of a vertical-alignment film disposed
on the surfaces of the active-matrix substrate 1 and the oppo-
site substrate 2 on the sides adjacent to the liquid crystal layer
3. Specifically, the long axes of the liquid crystal molecules in
the p-nematic liquid crystal material form an angle of 88° or
greater (preferably 89° or greater) with the active-matrix sub-
strate 1 and the opposite substrate 2 when no voltage is
applied.

[0083] The panel retardation dAn (the product of the cell
gap d and the birefringence An of the liquid crystal material)
is preferably 275 to 460 nm, and more preferably 280 to 400
nm. In other words, the lower limit of dAn is preferably not
smaller than a half of the wavelength 550 nm (green) in
consideration of the mode, while the upper limit of dAn is
preferably within the range where dAn is compensated by the
retardation Rth in the surface-normal direction of a negative C
plate monolayer. The negative C plate is disposed so as to
compensate white-floating and/or color-tone change occur-
ring when the direction of observing a black image is shifted
from the surface-normal direction of the display surface to a
direction tilted therefrom. The compensation can be achieved
by stacking multiple negative C plates to increase Rth, but this
method is not preferable because it costs high. The liquid
crystal material has a dielectric constant A€ of preferably 10
to 25, and more preferably 15 to 25. The lower limit of A€ is
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preferably not lower than about 10 (more preferably 15) for a
low white voltage (voltage upon displaying a white image).
Further, A€ is preferably as large as possible for a lower
driving voltage. On condition that an easily available material
at present is used, however, the upper limit of A& is preferably
not higher than 25 as mentioned above.

[0084] The opposite substrate 2 is provided with a black
matrix (BM) layer which blocks light between the sub-pixels,
color layers (color filters) which are disposed corresponding
to the respective sub-pixels, opposite electrodes 40 which are
disposed on the BM layer and the color layers at the side
adjacent to the liquid crystal layer 3, and a vertical-alignment
film which is disposed on the surface adjacent to the liquid
crystal layer 3 so as to cover these components, on one main
surface (adjacent to the liquid crystal layer 3) of a colorless
transparent insulating substrate. The BM layer is made of a
material such as an opaque metal (e.g. Cr) or an opaque
organic film such as a carbon-containing acrylic resin, and is
disposed on a boundary region between adjacent sub-pixels.
On the other hand, the color layers are prepared for the pur-
pose of color display and are made of a material such as a
transparent organic film (e.g. acrylic resin containing a pig-
ment); they are mainly formed on sub-pixel regions.

[0085] As mentioned here, the liquid crystal display device
of the present embodiment is a color liquid crystal display
device (active matrix-type liquid crystal display device for
color display) provided with the color layers on the opposite
substrate 2; each pixel consists of three sub-pixels, that is, red
(R), green (G), and blue (B) light-outputting sub-pixels. The
color and the number of the sub-pixels constituting the pixels
are not particularly limited, and may be designed as appro-
priate. In other words, each pixel may consist of three sub-
pixels of cyan, magenta, and yellow, or may consist of four or
more color sub-pixels in the liquid crystal display device of
the present embodiment.

[0086] On the other hand, the active-matrix substrate 1 is
provided with gate bus lines, Cs bus lines, source bus lines,
TFTs which serve as switching elements and which are dis-
posed to the respective sub-pixels in one-to-one correspon-
dence, drain lines (drains) connected to the respective TFTs,
pixel electrodes 20 disposed on the respective sub-pixels, a
common electrode 30 shared by all of the sub-pixels, and a
vertical-alignment film which covers these components and is
disposed on the surface adjacent to the liquid crystal layer 3,
on one main surface (adjacent to the liquid crystal layer 3) of
a colorless transparent insulating substrate.

[0087] The vertical-alignment films disposed on the active-
matrix substrate 1 and the opposite substrate 2 are formed by
applying a known alignment film material such as polyimide
to the substrates. Vertical-alignment films are not rubbed in
general, but make the liquid crystal molecules be aligned
substantially perpendicularly to the film surface when no
voltage is applied.

[0088] As shown in FIG. 1, the pixel electrodes 20 are
formed corresponding to the respective sub-pixels and the
common electrode 30 is continuously (integrally) formed
corresponding to all of the adjacent sub-pixels on the active-
matrix substrate 1 at the side adjacent to the liquid crystal
layer 3. Onthe other hand, the opposite electrodes 40 each are
continuously (integrally) formed corresponding to the line
(sub-pixel line) consisting of multiple sub-pixels adjacent to
each other in the horizontal direction on the opposite sub-
strate 2 at the side adjacent to the liquid crystal layer 3. The
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display region includes multiple sub-pixel lines, and the
opposite electrodes 40 are disposed corresponding to the
respective sub-pixel lines.

[0089] Each of the pixel electrode 20 is configured to
receive a predetermined level of an image signal from the
corresponding source bus line (width is 5 pum, for example)
via the thin film transistor (TFT) which is a switching ele-
ment. Here, the source bus line extends through a gap
between adjacent sub-pixels in the vertical direction. The
pixel electrode 20 is electrically coupled with the drain line of
the TFT via a contact hole formed on the interlayer insulating
film. Further, the common electrode 30 is configured to
receive a common signal which is common the respective
sub-pixels. In addition, the common electrode 30 is coupled
with a circuit which generates the common signal (common-
voltage-generating circuit) and is set to a predetermined elec-
tric potential. On the other hand, the common signal which is
common to the respective sub-pixels is also applied to the
opposite electrodes 40. Each of the opposite electrode 40 is
coupled with the common-voltage-generating circuit and is
set to a predetermined electric potential.

[0090] Thesourcebus lines are coupled with a source driver
(data-line-driving circuit) outside the display region. The gate
bus lines (width is 5 um, for example) each extend through a
gap between adjacent sub-pixels in the horizontal direction.
The gate bus lines are coupled with a gate driver (scanning-
line-driving circuit) outside the display region, and are
coupled with the gates of the TFTs inside the display region.
Further, each of the gate bus line is supplied with a scanning
signal in a pulsed manner from the gate driver at predeter-
mined intervals. The scanning signal is applied to the TFTs by
a line sequential method. Then, the TFTs are switched on for
a predetermined period by the input of the scanning signal,
and an image signal is applied to the pixel electrodes 20
coupled with the TFTs at a predetermined timing while the
TFTs are switched on. As a result, the image signal is written
on the liquid crystal layer 3.

[0091] As the image signal is written on the liquid crystal
layer 3, it is maintained for a predetermined period by the
pixel electrode 20 supplied with the image signal, the com-
mon electrode 30, and the opposite electrode 40 opposite to
the pixel electrode 20. In other words, a capacity (liquid
crystal capacity) is formed for a predetermined period by the
pixel electrode 20, the common electrode 30, and the opposite
electrode 40. Further, a retention capacity is formed parallel
to the liquid crystal capacity in order to prevent leakage of the
maintained image signal. The retention capacity is formed
between the drain line of the TFT and the Cs bus line (capac-
ity-retention wiring, width thereof is 5 um, for example) in
each of the sub-pixels. The Cs bus lines are disposed in
parallel with the gate bus lines.

[0092] The pixel electrode 20 is made of a transparent
conductive film such as ITO, a metal film such as aluminum
or chromium, or the like. The pixel electrode 20 has a comb-
like shape in the plan view of the liquid crystal display panel
100. Specifically, the pixel electrode 20 has a trunk portion
(connecting portion) 21 having a T shape in the plan view and
linear branch portions (comb teeth) 22 in the plan view. The
trunk portion 21 extends in the vertical and 180° directions
such that it vertically bisects the sub-pixel region. The branch
portions 22 are connected to the trunk portion 21 and each
extend in the 135° direction or the 225° direction.
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[0093] The common electrode 30 is also made of a trans-
parent conductive film such as ITO, a metal film such as
aluminum, or the like, and it has a comb-like shape in the plan
view in each sub-pixel. Specifically, the common electrode 30
has a trunk portion (connecting portion) 31 in a grid pattern in
the plan view and linear branch portions (comb teeth) 32 in
the plan view. The truck portion 31 extends in the vertical and
horizontal directions such that it covers the gate bus lines and
the source bus lines in the plan view. The branch portions 32
are connected to the trunk portion 31 and each extend in the
45° direction or the 315° direction.

[0094] As mentioned here, the branch portions 22 of the
pixel electrode 20 and the branch portions 32 of the common
electrode 30 each have a shape planarly complementary to
each other, and are alternately arranged at predetermined
intervals. In other words, the branch portions 22 of the pixel
electrode 20 and the branch portions 32 of the common elec-
trode 30 are arranged in parallel opposite to each other in the
same plane. That is, the comb-shaped pixel electrode 20 and
the comb-shaped common electrode 30 are disposed opposite
to each other such that the comb teeth (branch portions 22 and
branch portions 32) are engaged with each other. Thus, a
high-density transverse electric field can be formed between
the pixel electrode 20 and the common electrode 30, and the
liquid crystal layer 3 can be more precisely controlled. Fur-
ther, the pixel electrode 20 and the common electrode 30 each
have a shape symmetrical about the center line which extends
in the horizontal direction passing through the center of the
sub-pixel.

[0095] As is mentioned later, two domains whose director
directions are different from each other by 180° are formed in
the gaps between the pixel electrode 20 and the common
electrode 30. Further, the direction of the electric field applied
between the pixel electrode 20 and the common electrode 30
in the upper region of the sub-pixel is orthogonal to that in the
lower region of the sub-pixel. Thus, a single sub-pixel
includes four domains (first to fourth domains) in total.
[0096] The width (length in the lateral direction) of the
respective branch portions 22 of the pixel electrode 20 is
substantially the same as the width (length in the lateral
direction) of the respective branch portions 32 of the common
electrode 30. For the purpose of increasing transmittance, the
widths of the pixel electrode 20 and the common electrode 30
(the widths of the branch portions 22 of the pixel electrode 20
and the branch portions 32 of the common electrode 30) are
preferably as narrow as possible; with a process rule at
present, the widths are preferably set to about 1 to 5 pm (more
preferably 1.5 to 4 um). Hereinafter, the widths of the branch
portions 22 and 32 are also referred to simply as the line
widths L.

[0097] The spacing S between the pixel electrode 20 and
the common electrode 30 is not particularly limited; it is
preferably 1.0 to 20 um (more preferably 1.5 to 13 um). If the
spacing is greater than 20 pm, the response may be extremely
slow in some cases. In addition, the VT characteristics may
greatly shift to the high-voltage side, so that an applied volt-
age may be beyond the voltage tolerance of the source driver.
If the spacing is less than 1.0 um, in contrast, the pixel elec-
trode 20 and the common electrode 30 may not be formed by
photolithography.

[0098] The opposite electrode 40 is made of a transparent
conductive film such as ITO, is a band-shaped (planar) elec-
trode (solid electrode) in the plan view, and is formed along
the sub-pixel line. Further, the opposite electrode 40 is dis-
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posed over the center of the sub-pixels adjacent to each other
(sub-pixel line) in the horizontal direction. In other words, the
opposite electrode 40 continuously covers part of the pixel
electrode 20, part of the common electrode 30, and part of the
gaps between the pixel electrode 20 and the common elec-
trode 30 (portions where no electrode exists, no-electrode
portions) in each sub-pixel. That is, the liquid crystal display
device of the present embodiment has pixel electrode por-
tions, common electrode portions, and gap portions between
the pixel electrode 20 and the common electrode 30 covered
with the opposite electrode 40, and pixel electrode portions,
common electrode portions, and gap portions between the
pixel electrode 20 and the common electrode 30 not covered
with the opposite electrode 40. In addition, the opposite elec-
trode 40 overlaps with the gap between the pixel electrode 20
and the common electrode 30 in the plan view of the sub-
strates 1 and 2.

[0099] The opposite electrode 40 is vertically symmetrical
in the plan view. Specifically, the opposite electrode 40 is
symmetrical about the horizontal center line passing through
the center of a sub-pixel in the plan view (the opposite elec-
trode 40 has a rectangular shape in the present embodiment).
Further, the pixel electrode portion, the common electrode
portion, and the gap portions between the pixel electrode 20
and the common electrode 30 which are covered with the
opposite electrode 40 together are also symmetrical about the
above center line in the plan view. That is, the opposite elec-
trode 40 equally covers the four domains. In addition, the
region covered with the opposite electrode 40 in the first
domain, the region covered with the opposite electrode 40 in
the second domain, the region covered with the opposite
electrode 40 in the third domain, and the region covered with
the opposite electrode 40 in the fourth domain have substan-
tially the same area.

[0100] Hereinafter, the ratio (percentage) of the area of the
opposite electrode 40 in a sub-pixel to the area of the sub-
pixel is referred to as the opposite electrode area ratio. Here,
the area of the pixel is an area of the region defined by the
boundaries with the adjacent pixels. The area of the opposite
electrode in a pixel is an area of the region of the opposite
electrode defined by the boundaries with the adjacent pixels.
[0101] FIG. 2 show the simulation results of the liquid
crystal display device of Embodiment 1. FIG. 2(a) shows
lines of electric force in the cross-sectional view, and FIG.
2(b) shows the lines of electric force and liquid crystal direc-
tors in the cross-sectional view. FIG. 3 shows the VT charac-
teristics of the liquid crystal display device of Embodiment 1
obtained in the simulation. This simulation was performed
under the following simulation conditions. Here, the results
shown in FIGS. 2(a) and 2(b) are obtained with the electric
potential of the pixel electrode 20 of 3.5 V.

(Simulation Conditions)

[0102] L/S=4 pum/7 pm (in other words, L.=4 pm and S=7
pm)

[0103] Opposite electrode area ratio=50%

[0104] dAn: 350 nm

[0105] A€E:20

[0106] Disposing a negative C plate monolayer (Retar-

dation Re in in-plane direction: 0 nm, Retardation Rthin
surface-normal direction: 150 nm) as an optically com-
pensating plate between the active-matrix substrate 1
and the polarizer 11 and between the opposite substrate
2 and the polarizer 12
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[0107] Pixel electrode: supplied with an alternating cur-
rent (AC) voltage (amplitude: 0 to 7 V, frequency: 60
Hz), provided that Vc (electric potential at amplitude
center) is set to the same electric potential as the com-
mon electrode and the opposite electrode

[0108] Common electrode: supplied with a direct current
(DC) voltage whose electric potential relative to V¢ of
the pixel electrode is 0 V

[0109] Opposite electrode: supplied with a direct current
(DC) voltage whose electric potential relative to V¢ of
the pixel electrode is 0 V

[0110] The mode in which the pixel electrode, the common
electrode, and the opposite electrode are supplied with the
voltages mentioned above is hereinafter referred to as
Applied Voltage Variation 1. The electric potential at the
amplitude center means a central potential of the amplitude.
[0111] The simulation gives the following results. As
shown in FIG. 2(a), the lines of electric force extend in the
direction vertical to the surfaces of the substrates 1 and 2 and
an electric field (transverse electric field) is generated in the
direction parallel to the substrate surfaces between the pixel
electrode 20 and the common electrode 30 in the region where
the opposite electrode 40 is not disposed. Thus, a bend-
shaped electric field is generated in the liquid crystal layer
which is in the initial alignment of the homeotropic alignment
in this region. As a result shown in FIG. 2(54), two domains are
formed whose directors are in directions different from each
other by 180°, and the liquid crystal molecules of the nematic
liquid crystal material show bend-shaped liquid crystal align-
ment (bend alignment) in each domain.

[0112] On the other hand, as shown in FIG. 2(a), parabolic
lines of electric force are generated in the region covered with
the opposite electrode 40. Further, the lines of electric force
are dense in the vicinity of the pixel electrode 20 covered with
the opposite electrode 40 (the region defined by dot lines in
FIG. 2(a)). Thus, a slightly distorted bend electric field is
formed in this region. As a result shown in FIG. 2(b), two
domains are formed whose director directions are different by
180° similarly to the region not covered with the opposite
electrode 40, and the liquid crystal molecules of the nematic
liquid crystal material show bend-like liquid crystal align-
ment in each domain. In comparison with the region not
covered with the opposite electrode 40, however, lines of
electric force are denser in the vicinity of the pixel electrode
20 covered with the opposite electrode 40 (the region defined
by dot lines in FIG. 2(5)). Thus, liquid crystal molecules start
to tilt with a lower voltage in the region covered with the
opposite electrode 40 than in the region not covered with the
opposite electrode 40.

[0113] Therefore, as shown in FIG. 3, the inclination of the
VT characteristic in the surface-normal direction of the sub-
strate surface and the inclination of the VT characteristic in
the 0° direction with a polar angle of 60° are made gentle in
the liquid crystal display device of the present embodiment.
[0114] Further, the opposite electrode 40 is a band-shaped
electrode which covers the pixel electrode 20, the common
electrode 30, and the gap (no-electrode portion) between the
pixel electrode 20 and the common electrode 30 above which
the opposite electrode 40 exists (covered with the opposite
electrode 40) together in each pixel. Thus, even if multiple
panels are produced in accordance with the present embodi-
ment and the active-matrix substrate 1 and the opposite sub-
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strate 2 are attached to each other at different degrees among
the multiple panels, occurrence of variations (difference) in
the VT characteristics among the panels can be reduced.

Comparative Embodiment 1

[0115] FIG. 4 is a schematic cross-sectional view showing
the liquid crystal display device of Comparative Embodiment
1.

[0116] AsshowninFIG. 4, the liquid crystal display device
of the present comparative embodiment has the same struc-
ture as the liquid crystal display device of Embodiment 1
except that no opposite electrode 40 is disposed on the oppo-
site substrate 2.

[0117] FIG. 5 show the simulation results of the liquid
crystal display device of Comparative Embodiment 1; FIG.
5(a) shows lines of electric force in the cross-sectional view,
and FIG. 5(b) shows the lines of electric forces and the liquid
crystal directors in the cross sectional view. FIG. 6 shows the
VT characteristics of the liquid crystal display device of
Comparative Embodiment 1 obtained by the simulation. The
simulation was performed under the same conditions as the
aforementioned simulation conditions except that no oppo-
site electrode 40 is formed on the opposite substrate 2. Fur-
ther, FIGS. 5(a) and 5(b) show the results with the electric
potential of the pixel electrode 20 of 3.5 V.

[0118] As shown in FIG. 5(a), the lines of electric force are
generated vertically to the surfaces of the substrates 1 and 2,
and an electric field in the substrate-surface direction (trans-
verse electric field) occurs between the pixel electrode 20 and
the common electrode 30. Thus, a bend-shaped electric field
is formed in the liquid crystal layer in a state of initial align-
ment of homeotropic alignment. As shown in FIG. 5(6), two
domains are formed whose director directions are different by
180°, and the liquid crystal molecules of the nematic liquid
crystal material show bend-like liquid crystal alignment
(bend alignment) in each domain.

[0119] Further, as shownin FIG. 6, the inclination of the VT
characteristic in the surface-normal direction of the substrate
surface and the inclination of the VT characteristic in the 0°
direction with a polar angle of 60° are made steep in the liquid
crystal display device of the present comparative embodi-
ment.

[0120] FIG. 7 shows the comparison result about white-
floating (y shift) between the liquid crystal display devices of
Embodiment 1 and Comparative Embodiment 1 based on the
aforementioned simulation results. White-floating is evalu-
ated by the tone transmittance ratio of the liquid crystal dis-
play device, that is, by comparing the ratio of the luminance
observed from the direction with an azimuth of 0° and a polar
angle of 60° with the ratio of the luminance in the front
direction. Here, the ratio of the luminance in the front direc-
tion is a ratio of the luminance in the surface-normal direction
of the substrate surface, and the ratio of the luminance is a
luminance (relative luminance) on the assumption that the
luminance upon displaying a white image (display at 256th
tone) is 1. FIG. 7 further shows the simulation result of the
liquid crystal display device according to Patent Document 1.
In other words, as shown in FIG. 3 of Patent Document 1, the
simulation was performed under the same conditions as men-
tioned above except that the opposite electrode 40 is disposed
only on the region opposite to the pixel electrode 20.
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[0121] As shown in FIG. 7, large white-floating occurs in
the liquid crystal display device of Comparative Embodiment
1, particularly at low tones. In the liquid crystal display device
of Patent Document 1, white-floating more occurs at high
tones while white-floating less occurs at low tones, than in
Comparative Embodiment 1. In contrast, in the liquid crystal
display device of Embodiment 1, white-floating less occurs at
the whole tone, especially at low tones, than in the liquid
crystal display device of Comparative Embodiment 1 and the
liquid crystal display device according to Patent Document 1.
[0122] Further, in the liquid crystal display device of
Embodiment 1, the opposite electrode 40 is disposed equally
to each domain. Thus, white-floating is reduced in any
observing directions.

[0123] FIG. 8 shows one comparison result about white-
floating in the liquid crystal display device of Embodiment 1
and the liquid crystal display device of Comparative Embodi-
ment 1 with variations of the opposite electrode area ratio.
The liquid crystal display device of Embodiment 1 is sub-
jected to the simulation under the same conditions as men-
tioned above except that the opposite electrode area ratio is
30%, 70%, or 100%. Here, the simulation result of the liquid
crystal display device of Comparative Embodiment 1 corre-
sponds to the result with an opposite electrode area ratio=0%,
and the result with an opposite electrode area ratio=100%
corresponds to the result of the liquid crystal display device in
which the whole sub-pixel region is covered with the opposite
electrode 40 (comparative embodiment). FIG. 9 shows the
dependence between the effect of reducing white-floating and
the opposite electrode area ratio (front luminance ratio: 0.2,
0.5, or 0.8).

[0124] The resultshows that white-floating is most reduced
with an opposite electrode area ratio of 50%. The result also
shows that white-floating is effectively reduced with an oppo-
site electrode area ratio of 30 to 70% (more preferably 40 to
60%, and particularly preferably 45 to 55%).

[0125] FIG. 10 shows another comparison result about
white-floating in the liquid crystal display device of Embodi-
ment 1 and the liquid crystal display device of Comparative
Embodiment 1 with variations of the opposite electrode area
ratio. The simulation is performed under the same simulation
conditions as mentioned above except that L/S is 4 um/10 pm
and the opposite electrode area ratio is 0%, 30%, 50%, 70%,
or 100%. FIG. 11 shows the dependence between the effect of
reducing white-floating and the opposite electrode area ratio
(front luminance ratio: 0.2, 0.5, or 0.8). FIG. 12 shows the VT
characteristics of the liquid crystal display device of Embodi-
ment 1 (opposite electrode area ratio=50%, L/S=4 um/10 um)
obtained in the simulation. FIG. 13 shows the VT character-
istics of the liquid crystal display device of Comparative
Embodiment 1 (opposite electrode area ratio=0%, L/S=4
wm/10 um) obtained in the simulation.

[0126] The resultshows that white-floating is most reduced
with an opposite electrode area ratio of 50% even in the case
of widening the spacing S between the pixel electrode 20 and
the common electrode 30. The result also shows that white-
floating is reduced at halftones with an opposite electrode
area ratio of 40 to 60% (more preferably, 45 to 55%).
[0127] As shown in FIGS. 12 and 13, a widened spacing S
between the pixel electrode 20 and the common electrode 30
leads to slightly mild inclination of the VT characteristic in
the surface-normal direction and of the VT characteristic in
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the 0° direction with a polar angle of 60° even in Comparative
Embodiment 1. However, both of the inclinations in the liquid
crystal display device of Embodiment 1 with an opposite
electrode area ratio of 50% are milder than those in Compara-
tive Embodiment 1; thus, the aforementioned results are
obtained, probably.

[0128] FIG. 35 shows still another comparison result about
white-floating in the liquid crystal display device of Embodi-
ment 1 and the liquid crystal display device of Comparative
Embodiment 1 with variations of the opposite electrode area
ratio. The simulation was performed under the same condi-
tions as mentioned above except that L/S is 2 um/7 um and the
opposite electrode area ratio is 0%, 30%, 50%, 70%, or 100%.
FIG. 36 shows the VT characteristics of the liquid crystal
display device of Comparative Embodiment 1 (opposite elec-
trode area ratio=0%, L/S=2 um/7 pum) obtained in the simu-
lation. FIG. 37 shows the VT characteristics of the liquid
crystal display device of Embodiment 1 (opposite electrode
area ratio=30%, L/S=2 um/7 um) obtained in the simulation.
FIG. 38 shows the VT characteristics of the liquid crystal
display device of Embodiment 1 (opposite electrode area
ratio=50%, L/S=2 um/7 um) obtained in the simulation. FIG.
39 shows the VT characteristics of the liquid crystal display
device of Embodiment 1 (opposite electrode area ratio=70%,
L/S=2 um/7 pm) obtained in the simulation. FIG. 40 shows
the VT characteristics of the liquid crystal display device of
Comparative Embodiment (opposite electrode area
ratio=100%, L/S=2 um/7 pm) obtained in the simulation.

[0129] The result shows that white-floating is reduced with
an opposite electrode area ratio of 30 to 70% even in the case
of reducing the line width L between the pixel electrode 20
and the common electrode 30.

[0130] Asshown in FIG. 36, a reduced line width L leads to
slightly mild inclination of the VT characteristic in the sur-
face-normal direction and of the VT characteristic in the 0°
direction with a polar angle of 60° even in Comparative
Embodiment 1. As shown in FIGS. 37 to 39, however, both of
the inclinations of the liquid crystal display device of
Embodiment 1 with an opposite electrode area ratio of 30 to
70% are milder than those in Comparative Embodiment 1;
thus, the aforementioned result was obtained, probably. In the
case of L/S=2 um/7 pm, white-floating is reduced in the liquid
crystal display device of Comparative Embodiment with an
opposite electrode area ratio of 100%.

[0131] The following will show how the effect of reducing
white-floating changes in the case that the voltage applied to
the common electrode 30 and the opposite electrode 40 is
changed in the liquid crystal display device of Embodiment 1.
Here, the pixel electrode 20 is supplied with an AC voltage
(amplitude: 0 to 7'V, frequency: 60 Hz, Vc: the same electric
potential as the common electrode 30 and the opposite elec-
trode 40). The following will show the applied voltage varia-
tions for the liquid crystal display device of Embodiment 1.

(Applied Voltage Variation 2)

[0132] Except that the common electrode 30 is supplied
with £DC voltage, the simulation was performed under the
same simulation conditions as mentioned above.
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(Applied Voltage Variation 3)

[0133] Except that the opposite electrode 40 is supplied
with +DC voltage (specifically, a DC voltage having a com-
parative electric potential to the Vc of the pixel electrode of +1
V), the simulation was performed under the same simulation
conditions as mentioned above.

(Applied Voltage Variation 4)

[0134] Except that the common electrode 30 is supplied
withan AC voltage (amplitude: 0to 7V, frequency: 60 Hz, Vc:
the same electric potential as the pixel electrode 20 and the
opposite electrode 40) with a reverse phase of the AC voltage
applied to the pixel electrode 20, the simulation was per-
formed under the same simulation conditions as mentioned
above.

(Applied Voltage Variation 5)

[0135] Except that the opposite electrode 40 is supplied
withan AC voltage (amplitude: Oto 7V, frequency: 60 Hz, Vc:
the same electric potential as the pixel electrode 20 and the
common electrode 30) with a reverse phase of the AC voltage
applied to the pixel electrode 20, the simulation was per-
formed under the same simulation conditions as mentioned
above.
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[0138] FIG. 14 shows the comparison result about white-
floating in the liquid crystal display device of Embodiment 1
and the liquid crystal display device of Comparative Embodi-
ment 1 with each of the applied voltage variations. FIG. 15
shows the VT characteristics of the liquid crystal display
device of Embodiment 1 (Applied Voltage Variation 3)
obtained in the simulation. FIG. 16 shows the VT character-
istics of the liquid crystal display device of Embodiment 1
(Applied Voltage Variation 4) obtained in the simulation. FIG.
17 shows the VT characteristics of the liquid crystal display
device of Embodiment 1 (Applied Voltage Variation 5)
obtained in the simulation. FIG. 41 shows the VT character-
istics of the liquid crystal display device of Embodiment 1
(Applied Voltage Variation 6) obtained in the simulation. FIG.
18 shows the VT characteristics of the liquid crystal display
device of Embodiment 1 (Applied Voltage Variation 7)
obtained in the simulation. Table 1 shows the evaluation
results for each of the applied voltage variations. In Table 1,
the electric potential of DC is a comparative electric potential
to Ve of the pixel electrode. Further, in Table 1, “Pix”” means
a pixel electrode, “Com” means a common electrode, and
“Opp” means an opposite electrode.

TABLE 1
Variation 1 Variation 2 Variation 3 Variation 4 Variation 5 Variation 6 Variation 7
Pixel AC AC AC AC AC AC AC
electrode Vc: the same
electric potential as
Com, Opp
Opposite DCoV DCoV +DC DCoOV AC DCoV AC
electrode reverse phase of the same phase as
drain drain
Ve: the same Ve: the same
electric potential as electric potential as
Com, Pix Com, Pix
Common DCovV £DC DCOV AC DCov AC DCoV
electrode reverse phase of the same phase as
drain drain
Ve: the same Ve: the same
electric potential as electric potential as
Pix, Opp Pix, Opp
Practicality + - - - - * +
(Applied Voltage Variation 6) [0139] In Applied Voltage Variation 2, a DC voltage is

[0136] Except that the common electrode 30 is supplied
withan AC voltage (amplitude: 0to 7V, frequency: 60 Hz, Vc:
the same electric potential as the pixel electrode 20 and the
opposite electrode 40) with the same phase as the AC voltage
applied to the pixel electrode 20, the simulation was per-
formed under the same simulation conditions as mentioned
above.

(Applied Voltage Variation 7)

[0137] Except that the opposite electrode 40 is supplied
withan AC voltage (amplitude: 0to 7V, frequency: 60 Hz, Vc:
the same electric potential as the pixel electrode 20 and the
common electrode 30) with the same phase as the AC voltage
applied to the pixel electrode 20, the simulation was per-
formed under the same simulation conditions as mentioned
above.

applied to the liquid crystal layer 3 even when no voltage is
applied to the pixel electrode 20. Thus, problems such as
liquid crystal degradation and screen burn-in may occur, and
Applied Voltage Variation 2 leads to low practicality. In
Applied Voltage Variations 3 and 5, white-floating is not
sufficiently reduced. Thus, Applied Voltage Variations 3 and 5
lead to low practicality. In Applied Voltage Variation 4, white-
floating is not reduced. Thus, Applied Voltage Variation 4
leads to very low practicality. In Applied Voltage Variation 6,
white-floating is reduced; however, a voltage applied to the
liquid crystal layer 3 is lower than the electric potential of the
pixel electrode 20, and the driving voltage is high. Thus,
Applied Voltage Variation 6 does not lead to very high prac-
ticality. Particularly in Applied Voltage Variation 7, white-
floating is reduced and no other problems occur; thus,
Applied Voltage Variation 6 leads to very high practicality
similarly to the aforementioned Applied Voltage Variation 1.
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Embodiment 2

[0140] FIG.19isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 2.

[0141] As shown in FIG. 19, the liquid crystal display
device of the present embodiment has the same structure as
the liquid crystal display device of Embodiment 1 except that
no opposite electrode 40 is disposed above the common elec-
trode 30. In other words, the opposite electrode 40 at the
region over the common electrode 30 is deleted in the plan
view of the liquid crystal display panel 100.

[0142] FIG. 20 show the simulation results of the liquid
crystal display device of Embodiment 2; FIG. 20(a) shows
lines of electric force in the cross-sectional view, and FIG.
20(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view. FIG. 21 shows the VT
characteristics of the liquid crystal display device of Embodi-
ment 2 obtained in the simulation. This simulation was per-
formed under the same conditions as mentioned above except
that no opposite electrode 40 is disposed above the common
electrode 30. In other words, the opposite electrode area ratio
is reduced as the result of extraction (removal) of the opposite
electrode 40. FIGS. 20(a) and 20() show the results with the
electric potential of the pixel electrode 20 of 3.5 V.

[0143] As shown by arrows in FIGS. 20(a) and 20(b), the
lines of electric force slightly shift toward the region where
the opposite electrode 40 is removed in comparison with
Embodiment 1. As shown in FIG. 21, however, the inclination
ofthe VT characteristic in the surface-normal direction of the
substrate surface and the inclination of the VT characteristic
in the 0° direction with a polar angle of 60° are the same as in
Embodiment 1.

Embodiment 3

[0144] FIG.22 is aschematic cross-sectional view showing
the liquid crystal display device of Embodiment 3.

[0145] As shown in FIG. 22, the liquid crystal display
device of the present embodiment has the same structure as
the liquid crystal display device of Embodiment 1 except that
no opposite electrode 40 is disposed above the pixel electrode
20. in other words, the opposite electrode 40 at the region over
the pixel electrode 20 is deleted in the plan view of the liquid
crystal display panel 100.

[0146] FIG. 23 show the simulation results of the liquid
crystal display device of Embodiment 3; FIG. 23(a) shows
lines of electric force in the cross-sectional view, and FIG.
23(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view. FIG. 24 shows the VT
characteristics of the liquid crystal display device of Embodi-
ment 3 obtained in the simulation. This simulation was per-
formed under the same conditions as mentioned above except
that no opposite electrode 40 is disposed above the pixel
electrode 20. In other words, the opposite electrode area ratio
is reduced as the result of extraction (removal) of the opposite
electrode 40. FIGS. 23(a) and 23(b) show the result with the
electric potential of the pixel electrode 20 of 3.5 V.

[0147] As shown in FIG. 23(a), removal of the opposite
electrode 40 above the pixel electrode 20 leads to widening of
the region with the dense lines of electric force toward the
vicinity of the opposite substrate 2 (region defined by dot
lines in FIG. 23) in comparison with Embodiment 1. As
shown in FIG. 23(b), the liquid crystal molecules start to tilt
in the vicinity of the opposite substrate 2 even with a low
applied voltage. In other words, the region where liquid crys-
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tal molecules start to tilt even when an applied voltage is low
is widened toward the opposite substrate 2. On the other hand,
the inclination angle thereof is milder (smaller) than in
Embodiment 1. As the result shown in FIG. 24, the inclination
ofthe VT characteristic in the surface-normal direction of the
substrate surface and the inclination of the VT characteristic
in the 0° direction with a polar angle of 60° are slightly
different from those in Embodiment 1.

Embodiment 4

[0148] FIG.25isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 4.

[0149] As shown in FIG. 25, the liquid crystal display
device of the present embodiment has the same structure as
the liquid crystal display device of Embodiment 1 except that
no opposite electrode 40 is disposed above the common elec-
trode 30 and the pixel electrode 20. In other words, the oppo-
site electrode 40 at the region over the pixel electrode 20 and
the common electrode 30 is deleted in the plan view of the
liquid crystal display panel 100, and the liquid crystal display
device of the present embodiment has a combination structure
of Embodiment 2 and Embodiment 3.

[0150] FIG. 26 shows the simulation result of the liquid
crystal display device of Embodiment 4; FIG. 26(a) shows
lines of electric force in the cross-sectional view, and FIG.
26(b) shows the lines of electric force and liquid crystal
director in the cross-sectional view. FIG. 27 shows the VT
characteristics of the liquid crystal display device of Embodi-
ment 4 obtained in the simulation. This simulation was per-
formed in the same simulation conditions as mentioned above
except that no opposite electrode 40 is disposed above the
pixel electrode 20 and the common electrode 30. In other
words, the opposite electrode area ratio is reduced as the
result of extraction (removal) of the opposite electrode 40.
FIGS. 26(a) and 26(5) show the result with the electric poten-
tial of the pixel electrode 20 of 3.5 V.

[0151] As shown in FIG. 26(a), the distributed lines of
electric force are the sum of the lines of electric force in
Embodiment 2 and Embodiment 3. As shown in FIG. 26(5),
the region where liquid crystal molecules start to tilt even with
a low applied voltage is widened toward the opposite sub-
strate 2. On the other hand, the inclination angle thereof is
milder (smaller) than in Embodiment 1. As a result shown in
FIG. 27, the inclination of the VT characteristic in the surface-
normal direction of the substrate surface and the inclination of
the VT characteristic in the 0° direction with a polar angle of
60° are slightly different from those in Embodiment 1.

Embodiment 5

[0152] FIG.28isaschematic cross-sectional view showing
the liquid crystal display device of Embodiment 5.

[0153] As shown in FIG. 28, the liquid crystal display
device of the present embodiment has the same structure as
the liquid crystal display device of Embodiment 1 except that
the opposite electrode 40 above the pixel electrode 20 is
extracted (removed) and the width of the region with the
opposite electrode 40 extracted therefrom is wider than the
width of the pixel electrode 20. In other words, the opposite
electrode 40 at the region over the pixel electrode 20 is deleted
and the opposite electrode 40 is also deleted from the region
over the pixel electrode 20 to the region apart from the pixel
electrode 20 by a distance of 3.5 um toward the common
electrode 30, in the plan view of the liquid crystal display
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panel 100. Since the spacing S in the present embodiment is
7 um similarly to Embodiment 1, the opposite electrode 40 is
removed to the center line of the gap between the pixel elec-
trode 20 and the common electrode 30. That is, the opposite
electrode 40 is disposed apart from the pixel electrode 20 in
the plan view of the liquid crystal display panel 100 in the
liquid crystal display device of the present embodiment.

[0154] FIG. 29 show the simulation results of the liquid
crystal display device of Embodiment 5; FIG. 29(a) shows
lines of electric force in the cross-sectional view, and FIG.
29(b) shows the lines of electric force and liquid crystal
directors in the cross-sectional view. FIG. 30 shows the VT
characteristics of the liquid crystal display device of Embodi-
ment 5 obtained in the simulation. The simulation was per-
formed under the same simulation conditions as mentioned
above except that no opposite electrode 40 is disposed above
the pixel electrode 20 and that no opposite electrode 40 is
disposed from the region over the pixel electrode 20 to the
region apart from the pixel electrode 20 by a distance of 3.5
um toward the common electrode 30. In other words, the
opposite electrode area ratio is reduced as the result of extrac-
tion (removal) of the opposite electrode 40. FIGS. 29(a) and
29(b) show the results with the electric potential of the pixel
electrode 20 of 3.5 V.

[0155] As a result shown in FIG. 29(a), the dense lines of
electric force in the vicinity of the pixel electrode 20 (region
defined by dot lines in FIG. 29(a)) is elongated in the surface-
normal direction of the substrate surface. As shown in FIG.
29(b), liquid crystal molecules start to tilt even when an
applied voltage is low in the vicinity of the opposite substrate
2, and the region where liquid crystal molecules start to tilt
even with a low applied voltage is extended toward the oppo-
site substrate 2. Further, the inclination angle thereof does not
become mild. In other words, the inclination angle is not
reduced. Thus, as shown in FIG. 30, the inclination of the VT
characteristics is less dependent on a polar angle.

[0156] FIG. 31 shows the comparison result about white-
floating in the liquid crystal display devices of Embodiments
1 to 5 and Comparative Embodiment 1 based the aforemen-
tioned simulation results. As shown in FIG. 31, white-floating
is reduced as long as the opposite electrode 40 is removed
from any position above the electrodes (pixel electrode 20
and/or common electrode 30) on the TFT-array substrate 1.
This is presumably because the position of removing the
opposite electrode 40 from the region above the electrode(s)
on the TFT-array substrate 1 does not cause great change in
the lines of electric force generated around the pixel electrode
20 when a voltage is applied. In addition, partial removal of
the opposite electrode 40 from a position above the electrode
(pixel electrode 20 and/or common electrode 30) on the TFT-
array substrate 1, as in Embodiments 2 to 4, causes slightly
better reduction in white-floating than in Embodiment 1.

[0157] In Embodiment 5, white-floating is further reduced
than in Embodiments 1 to 4. This is because, in the liquid
crystal display device of Embodiment 5, white-floating is not
reduced owing to the mild inclination of the VT characteris-
tics as in the liquid crystal display devices of Embodiments 1
to 4, but is reduced owing to formation of multiple VT regions
each having a different threshold value (regions each showing
different VT characteristics) in a sub-pixel. In other words,
the device of Embodiment 5 presumably achieves the same
effect as an MVA-mode device having multiple pixels.
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Comparative Embodiment 2

[0158] FIG.32isaschematic cross-sectional view showing
the liquid crystal display device of Comparative Embodiment
2.

[0159] As shown in FIG. 32, the liquid crystal display
device of the present comparative embodiment has the same
structure as the liquid crystal display device of Embodiment
1 except that the opposite electrode 40 is not supplied with a
predetermined electric potential and the electric potential of
the opposite electrode 40 is set to an electrically floating
(insulated) state.

[0160] FIG. 33 show the simulation results of the liquid
crystal display. device of Comparative Embodiment 2; FIG.
33(a) shows lines of electric force in the cross-sectional view,
and FIG. 33(b) shows the lines of electric force and liquid
crystal directors in the cross-sectional view. FIG. 34 shows
the VT characteristics of the liquid crystal display device of
Comparative Embodiment 2 obtained in the simulation. The
simulation was performed under the same simulation condi-
tions as mentioned above except that the electric potential of
the opposite electrode 40 is set to a floating state. FIGS. 33(a)
and 33(b) show the results with the electric potential of the
pixel electrode 20 of 3.5 V.

[0161] As a result shown in FIG. 33(a), parabolic lines of
electric force are generated in the region covered with the
opposite electrode 40. Further, the lines of electric force are
denser in the vicinity of the pixel electrode 20 (region defined
by dot lines in FIG. 33(a)) covered with the opposite electrode
40 than in the liquid crystal display device of Comparative
Embodiment 1, but are not denser than in the liquid crystal
display device of Embodiment 1. As a result shown in FIG.
33(b), liquid crystal molecules start to tilt with a lower applied
voltage in the region where the lines of electric force are dense
(region defined by dot lines in FIG. 33(5)) in the vicinity of
the pixel electrode 20 covered. with the opposite electrode 40
than in the region where no opposite electrode 40 is disposed.
However, the liquid crystal molecules are not as greatly tilted
as in the liquid crystal display device of Embodiment 1.
[0162] Therefore, as shown in FIG. 34, the inclination of
the VT characteristic in the surface-normal direction of the
substrate surface and the inclination of the VT characteristic
in the 0° direction with a polar angle of 60° are slightly mild
in the liquid crystal display device of the present comparative
embodiment, but white-floating is not reduced.

[0163] The present application claims priority to Patent
Application No. 2008-259985 filed in Japan on Oct. 6, 2008
under the Paris Convention and provisions of national law in
a designated State. The entire contents of which are hereby
incorporated by reference.

EXPLANATION OF SYMBOLS
[0164] 100: Liquid crystal display panel
[0165] 1: Active-matrix substrate (TFT-array substrate)
[0166] 2: Opposite substrate
[0167] 3: Liquid crystal layer
[0168] 11, 12: Polarizer
[0169] 11a, 12a: Absorption axis

[0170] 20: Pixel electrode
[0171] 21: Trunk portion
[0172] 22: Branch portion
[0173] 30: Common electrode
[0174] 31: Trunk portion
[0175] 32: Branch portion
[0176] 40: Opposite electrode
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1. A liquid crystal display device, comprising:

a first substrate and a second substrate disposed opposite to
each other; and

a liquid crystal layer between the first substrate and the
second substrate, the first substrate having a first comb-
shaped electrode and a second comb-shaped electrode,

the first electrode and the second electrode being planarly
disposed opposite to each other in a pixel,

the second substrate having a third electrode which is par-
tially disposed in the pixel and is configured to be sup-
plied with a predetermined electric potential,

the liquid crystal layer including a p-nematic liquid crystal
which is configured to be aligned perpendicularly to
substrate surfaces of the first substrate and the second
substrate when no voltage is applied, and

in the plan view of the first substrate and the second sub-
strate, the liquid crystal display device having a first gap
and a second gap between the first electrode and the
second electrode, the first gap being covered with the
third electrode and the second gap not being covered
with the third electrode.

2. The liquid crystal display device according to claim 1,

wherein the third electrode is a belt-shaped electrode
which covers the first electrode, the second electrode,
and the first gap together in the pixel.

3. The liquid crystal display device according to claim 2,

wherein a ratio of an area of the third electrode in the pixel
is not smaller than 30% and not larger than 70% to an
area of the pixel.

4. The liquid crystal display device according to claim 1,

wherein one of the first electrode and the second electrode
is a pixel electrode,

the other of the first electrode and the second electrode is a
common electrode, and
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the third electrode is disposed apart from the pixel elec-
trode in the plan view of the first substrate and the second
substrate.

5. The liquid crystal display device according to claim 1,

wherein one of the first electrode and the second electrode
is a pixel electrode which is configured to be supplied
with an alternating current,

the other of the first electrode and the second electrode is a
common electrode,

an electric potential of the common electrode is set to an
electric potential at an amplitude center of the alternat-
ing current which is to be applied to the pixel electrode,
and

an electric potential of the third electrode is set to the
electric potential at the amplitude center of the alternat-
ing current which is to be applied to the pixel electrode.

6. The liquid crystal display device according to claim 1,

wherein one of the first electrode and the second electrode
is a pixel electrode which is configured to be supplied
with a first alternating current,

the other of the first electrode and the second electrode is a
common electrode,

an electric potential of the common electrode is set to an
electric potential at an amplitude center of the first alter-
nating current, and

the third electrode is configured to be supplied with a
second alternating current which has the same phase as
the first alternating current.

7. The liquid crystal display device according to claim 1,

wherein the pixel has multiple domains, and

the third electrode is disposed equally toward the multiple
domains.
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