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(7) ABSTRACT

A liquid crystal display device (100) of the present invention
has a plurality of pixels (P) which are in a matrix arrangement
and includes: a first substrate (1) which includes a pixel
electrode (12) which is provided in each pixel; a second
substrate (2) which opposes the first substrate; and a vertical
alignment liquid crystal layer (3) which is provided between
these substrates, wherein light that is incident on the liquid
crystal layer is circularly-polarized light, and the liquid crys-
tal layer modulates the circularly-polarized light, thereby
realizing display. The pixel electrode includes at least one
cruciform trunk portion (12a), a plurality of branch portions
(12b) extending from the at least one cruciform trunk portion
in a direction of about 45°, and a plurality of slits (12¢)
provided between the plurality of branch portions. The sec-
ond substrate includes a plurality of counter electrodes (22)
which are electrically independent of each other in each pixel.
According to the present invention, in a liquid crystal display
device which includes a vertical alignment liquid crystal, the
v shift can be sufficiently reduced, and decrease of the trans-
mittance can be prevented.

5 Claims, 13 Drawing Sheets
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1
LIQUID CRYSTAL DISPLAY DEVICE

This application is the U.S. national phase of International
Application No. PCT/JP2011/061483, filed 19 May 2011,
which designated the U.S. and claims priority to JP Patent
Application No. 2010-116687, filed 20 May 2010, the entire
contents of each of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device.

BACKGROUND ART

In recent years, by the utilization of their outstanding fea-
tures such as slim body and low power consumption, liquid
crystal display devices have been widely applied to various
devices including information devices, such as notebook pet-
sonal computers, mobile phones, electronic organizers, etc.,
and camcorders which have a liquid crystal monitor. The VA
(Vertical Alignment) mode has been proposed as a display
mode which is capable of realizing a higher contrast and a
wider viewing angle in the liquid crystal display devices. The
VA mode has been employed in many liquid crystal display
devices nowadays. The VA mode liquid crystal display
devices include a vertical alignment liquid crystal layer in
which liquid crystal molecules are oriented generally vertical
to the substrate surface in the absence of an applied voltage.

A known one of the VA mode is MVA (Multi-domain
Vertical Alignment) mode (for example, Patent Document 1).
In the MVA mode, a pair of substrates which oppose each
other via a liquid crystal layer are each provided with an
alignment controlling structure which is configured to control
the alignment of the liquid crystal molecules. The alignment
controlling structure is, specifically, a protrusion which is
made of a dielectric substance or a slit which is formed in an
electrode. When the alignment controlling structure such as a
protrusion or a slit is provided, a plurality of regions among
which the azimuth of inclination of the liquid crystal mol-
ecules is different (referred to as “liquid crystal domains”) are
formed in the presence of an applied voltage across the liquid
crystal layer. Therefore, the azimuthal angle dependence of
the display characteristics is ameliorated, and the viewing
angle characteristics are improved.

Although, in the VA mode liquid crystal display devices,
display of wide viewing angles and high quality is realized as
described above, there is a problem about the viewing angle
characteristics which has been recently growing. Specifically,
the problem is the difference between the y characteristic that
is obtained when viewed from the front and the y character-
istic that is obtained when obliquely viewed, i.e., the viewing
angle dependence of the y characteristic. The y characteristic
refers to the grayscale dependence of the display luminance.
When the y characteristic is different between the front view-
ing direction and the oblique viewing direction, the grayscale
display state varies according to the viewing direction, result-
ing in display with a sense of incongruity.

The viewing angle dependence of the y characteristic in the
VA mode (which is also referred to as “y shift”) is perceived
as such a phenomenon that the display luminance which is
detected when obliquely viewed is higher than the display
luminance which is supposed to be detected (which is called
a “whitening” phenomenon). If the whitening phenomenon
occurs, such a problem also occurs that the color which is
rendered by a pixel when viewed from an oblique direction is
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different from the color which is rendered by the pixel when
viewed from the front direction.

As the technique for reduction of the y shift (whitening
phenomenon), a technique called “multi-pixel driving” has
been proposed (for example, Patent Documents 2 and 3).
According to this technique, one pixel is divided into a plu-
rality of sub-pixels (typically, two sub-pixels) which provide
different luminances. Specifically, one pixel electrode is
divided into a plurality of sub-pixel electrodes (typically, two
sub-pixel electrodes) which are electrically independent of
each other. Potentials which are different from each other are
applied to the respective sub-pixel electrodes such that the
effective voltages that are applied across the liquid crystal
layers of the respective sub-pixels can be different from each
other.

For example, a plurality of TFTs which are coupled to
different signal lines are provided in each pixel, and respec-
tiveones of the plurality of sub-pixel electrodes are coupled to
respective ones of the plurality of TFTs. This arrangement
enables supply of different signal voltages (grayscale volt-
ages) to the respective sub-pixel electrodes. Alternatively, the
storage capacitance counter electrodes that form the storage
capacitances in respective sub-pixels are configured to be
electrically independent, and different CS voltages are sup-
plied from storage capacitance lines to the respective storage
capacitance counter electrodes. This arrangement enables
supply of different potentials to the respective sub-pixel elec-
trodes by means of division of capacitance. When each pixel
is divided into a plurality of sub-pixels which provide differ-
ent luminances, the display is observed in which different v
characteristics are in a mixed state, so that the y shift is
reduced.

Another one of the VA mode which is widely known is CPA
(Continuous Pinwheel Alignment) mode (for example, Patent
Documents 4 and 5). In the CPA mode, an opening or notch is
formed in the pixel electrode such that the pixel electrode is
divided into a plurality of regions (which are referred to as
“unit solid portions™). An oblique electric field produced at
the edge of the opening or notch is used to realize a radial
inclination alignment (axially-symmetric alignment) of the
liquid crystal molecules, whereby a wide viewing angle is
achieved. Also, a protrusion or opening is formed in the
counter electrode such that the center axis of the liquid crystal
domains that are in the radial inclination alignment is fixed,
whereby the stability of the radial inclination alignment is
farther improved.

When a configuration which utilizes linearly-polarized
light, i.e., a configuration where display is realized by allow-
ing linearly-polarized light to enter the liquid crystal layer
such that the linearly-polarized light is modulated, is
employed in the CPA mode, the transmittance decreases. This
is because, in the CPA mode, the liquid crystal molecules are
oriented in substantially all azimuths in the presence of an
applied voltage, and therefore, liquid crystal molecules which
are oriented in an azimuth generally parallel to or an azimuth
generally perpendicular to the polarization direction of lin-
early-polarized light that enters the liquid crystal layer do not
contribute to the transmittance.

On the other hand, when a configuration which utilizes
circularly-polarized light, i.e., a configuration where display
is realized by allowing circularly-polarized light to enter the
liquid crystal layer such that the circularly-polarized light is
modulated, is employed in the CPA mode, all of liquid crystal
molecules which are inclined in the presence of an applied
voltage contribute to the transmittance. Therefore, the
decrease of the transmittance can be prevented, and bright
display can be realized.
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SUMMARY OF INVENTION
Technical Problem

However, in the CPA mode which utilizes circularly-polar-
ized light, they shift (whitening phenomenon)is larger than in
the MVA mode as will be described later, although the trans-
mittance is high. The y shift can be reduced by using the
multi-pixel driving technique. In that case, however, it is
necessary to provide a plurality of TFTs in each pixel, and
thus, the aperture ratio decreases, and the transmittance
decreases. Patent Document 6 discloses a configuration
which realizes multi-pixel driving with only one TFT pro-
vided in each pixel. This is realized by directly coupling part
of a plurality of sub-pixel electrodes to the TFT while the
remaining sub-pixel electrodes are coupled to the TFT via
capacitance coupling. Employing this configuration causes
such a new problem that a charge accumulation (image stick-
ing) occurs due to a floating structure. Further, it was found
through the researches conducted by the inventors of the
present application that the y shift is inherently large in the
CPA mode, and therefore, it is difficult to sufficiently reduce
the y shift even when the multi-pixel driving technique is
employed.

The present invention was conceived in view of the above
problems. One of the objects of the present invention is to
sufficiently reduce the y shift and prevent decrease of the
transmittance in a liquid crystal display device which
includes a vertical alignment liquid crystal.

Solution to Problem

A liquid crystal display device of the present invention has
a plurality of pixels which are in a matrix arrangement and
includes: a first substrate which includes a pixel electrode
which is provided in each of the plurality of pixels; a second
substrate which opposes the first substrate; and a vertical
alignment liquid crystal layer which is provided between the
first substrate and the second substrate, wherein light that is
incident on the liquid crystal layer is circularly-polarized
light, and the liquid crystal layer modulates the circularly-
polarized light, thereby realizing display, the pixel electrode
includes at least one cruciform trunk portion, a plurality of
branch portions extending from the at least one cruciform
trunk portion in a direction of about 45°, and a plurality of slits
provided between the plurality of branch portions, and the
second substrate includes a plurality of counter electrodes
which are electrically independent of each other in each of the
plurality of pixels.
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In a preferred embodiment, when at least part of middle
grayscale levels are displayed, the plurality of counter elec-
trodes are supplied with different potentials.

In a preferred embodiment, when a voltage is applied
across the liquid crystal layer, four types of liquid crystal
domains are formed in the liquid crystal layer in each of the
plurality of pixels, azimuths of four directors that are repre-
sentative of orientations of liquid crystal molecules that are
included in respective ones of the four types of liquid crystal
domains are different from one another, and each of the
azimuths of the four directors is generally parallel to any of
the plurality of branch portions.

In a preferred embodiment, the four types of liquid crystal
domains include a first liquid crystal domain in which the
azimuth of the director is a first azimuth, a second liquid
crystal domain in which the azimuth of the director is a
second azimuth, a third liquid crystal domain in which the
azimuth of the director is a third azimuth, and a fourth liquid
crystal domain in which the azimuth of the director is a fourth
azimuth, and a difference between any two of the first azi-
muth, the second azimuth, the third azimuth, and the fourth
azimuth is generally equal to an integral multiple of 90°, and
azimuths of directors of liquid crystal domains which are
adjacent to each other via the trunk portion are different by
about 90°.

In a preferred embodiment, the at least one cruciform trunk
portion includes a plurality of cruciform trunk portions, the
pixel electrode includes a plurality of sub-pixel electrodes
each of which includes any one of the plurality of cruciform
trunk portions, and when a voltage is applied across the liquid
crystal layer, the four types of liquid crystal domains are
formed in each of a plurality of sub-pixels which are defined
by the plurality of sub-pixel electrodes.

In a preferred embodiment, the plurality of sub-pixel elec-
trodes are provided so as to correspond to the plurality of
counter electrodes on a one-to-one basis, and a boundary of
adjacent sub-pixel electrodes overlaps a boundary of adjacent
counter electrodes.

In a preferred embodiment, the liquid crystal display
device of the present invention further includes: a pair of
vertical alignment films which are provided between the pixel
electrode and the liquid crystal layer and between the plural-
ity of counter electrodes and the liquid crystal layer; and a pair
of alignment sustaining layers which are provided on surfaces
of the pair of vertical alignment films which are closer to the
liquid crystal layer and which are made of a photopolymer-
ized material.

In a preferred embodiment, the liquid crystal display
device of the present invention further includes a pair of
circular polarization plates which oppose each other via the
liquid crystal layer.

Advantageous Effects of Invention

According to the present invention, in a liquid crystal dis-
play device which includes a vertical alignment liquid crystal,
the v shift can be sufficiently reduced, and decrease of the
transmittance can be prevented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 Diagrams schematically showing a liquid crystal
display device 100 of a preferred embodiment of the present
invention. (a) is a cross-sectional view which shows a region
corresponding to one pixel P. (b) is a plan view which shows
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an electrode structure on the TFT substrate 1 side. (¢)is a plan
view which shows an electrode structure on the counter sub-
strate 2 side.

FIG. 2 A planview schematically showing a pixel electrode
12 of the liquid crystal display device 100.

FIG. 3 A plan view schematically showing a region corre-
sponding to four pixels P of the liquid crystal display device
100.

FIG. 4 A plan view schematically showing a wiring struc-
ture of the counter substrate 2 of the liquid crystal display
device 100.

FIG. 5 A cross-sectional view schematically showing a
region corresponding to one pixel P of the liquid crystal
display device 100.

FIG. 6(a) is a diagram showing the alignment state ofliquid
crystal molecules 3a in the CPA mode. (b) is a diagram
showing the alignment state of liquid crystal molecules 3a in
a four-domain alignment structure which is formed by a fish-
bone structure.

FIG. 7(a) is a cross-sectional view showing an example of
a configuration for utilizing linearly-polarized light (i.e., for
realizing display by modulating linearly-polarized light). ()
is a cross-sectional view showing an example of a configura-
tion for utilizing circularly-polarized light (i.e., for realizing
display by modulating circularly-polarized light).

FIG. 8(a) is a diagram showing the arrangement of optical
axes in the configuration shown in F1G. 7(a). (b) is a diagram
showing the arrangement of optical axes in the configuration
shown in FIG. 7(b).

FIG. 9 Diagrams showing the polarization state (the locus
of the tip of the electric field vector) of light that is incident on
a liquid crystal layer 3. (a) is a diagram for a case where
linearly-polarized light is utilized (the configuration shown in
FIG. 7(e)). (b) is a diagram for a case where circularly-
polarized light is utilized (the configuration shown in FIG.
7(6)).

FIG. 10 Graphs showing the polarization state of light that
is incident on the liquid crystal layer 3 which is in a numerical
expression with the ratio of 81 (horizontal polarization com-
ponent), S2 (45° linear polarization component), and S3 (cir-
cular polarization component). (a) is a graph for a case where
linearly-polarized light is utilized (the configuration shown in
FIG. 7(a)). (b) is a graph for a case where circularly-polarized
light is utilized (the configuration shown in FIG. 7()).

FIG. 11 Diagrams schematically showing electrode struc-
tures in one pixel P of the type 1 and type 2 liquid crystal
display devices which perform display in the CPA mode. (a)
is a plan view showing the electrode structure on the TFT
substrate side. (b) is a plan view showing the electrode struc-
ture on the counter substrate side.

FIG. 12 Diagrams schematically showing electrode struc-
tures in one pixel P of the type 3 and type 4 liquid crystal
display devices which perform display in the CPA mode. (a)
is a plan view showing the electrode structure on the TFT
substrate side. (b) is a plan view showing the electrode struc-
ture on the counter substrate side.

FIG. 13 Diagrams schematically showing electrode struc-
tures in one pixel P of the type 5 and type 6 liquid crystal
display devices which include a fishbone structure pixel elec-
trode 12. (a) is a plan view showing the electrode structure on
the TFT substrate side. (b) is a plan view showing the elec-
trode structure on the counter substrate side.

FIG. 14 Diagrams schematically showing electrode struc-
tures in one pixel P of the type 7 and type 8 liquid crystal
display devices which include a fishbone structure pixel elec-
trode 12. (a) is a plan view showing the electrode structure on
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the TFT substrate side. (b) is a plan view showing the elec-
trode structure on the counter substrate side.

FIG. 15(a) to (d) are diagrams showing the transmission
characteristics of one pixel P in the type 1 to type 4 liquid
crystal display devices which perform display in the CPA
mode.

FIG. 16(a) to (d) are diagrams showing the transmission
characteristics of one pixel P in the type 5 to type 8 liquid
crystal display devices that include the fishbone structure
pixel electrode 12.

FIG. 17 Graphs showing the y characteristic which is
achieved when observed from the front viewing direction and
the y characteristic which is achieved when observed from a
diagonal 60° direction in the type 1 to type 4 liquid crystal
display devices which perform display in the CPA mode. (a)
shows the y characteristics of the type 1 and type 3 liquid
crystal display devices which utilize linearly-polarized light.
(b) shows the y characteristics of the type 2 and type 4 liquid
crystal display devices which utilize circularly-polarized
light.

FIG. 18 Graphs showing the y characteristic which is
achieved when observed from the front viewing direction and
the y characteristic which is achieved when observed from a
diagonal 60° direction in the type 5 to type 8 liquid crystal
display devices that include the fishbone structure pixel elec-
trode 12. (a) shows the y characteristics of the type 5 and type
7 liquid crystal display devices which utilize linearly-polar-
ized light. (b) shows the y characteristics of the type 6 and type
8 liquid crystal display devices which utilize circularly-po-
larized light.

FIG. 19 Diagrams showing electrode structures in a case
where one pixel P of the liquid crystal display device 100
includes three sub-pixels SP. (a) is a plan view showing the
electrode structure on the TFT substrate side. (b) is a plan
view showing the electrode structure on the counter substrate
side.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the drawings. Note that the
present invention is not limited to the embodiment which will
be described below.

First, a configuration of a liquid crystal display device 100
of the present embodiment is described with reference to
FIGS. 1(a), 1(b), and 1(c). The liquid crystal display device
100 includes a plurality of pixels P which are in a matrix
arrangement. FIG. 1(a) is a cross-sectional view which sche-
matically shows a region corresponding to one pixel P of the
liquid crystal display device 100. FIG. 1(b) and FIG. 1(c)
schematically show electrode structures in one pixel P. FIG.
1(b) shows the electrode structure which is on the side of one
of a pair of substrates of the liquid crystal display device 100.
FIG. 1(c) shows the electrode structure on the other substrate
side.

The liquid crystal display device 100 includes, as shown in
FIG. 1, an active matrix substrate (hereinafter, referred to as
“TFT substrate”) 1 which has pixel electrodes 12 that are
provided in respective one of the plurality of pixels P, a
counter substrate (also referred to as “color filter substrate™) 2
which opposes the TFT substrate 1, and a vertical alignment
liquid crystal layer 3 which is provided between the sub-
strates. The TFT substrate 1 and the counter substrate 2
include insulative transparent substrates (for example, glass
substrates) 11 and 21, respectively. The liquid crystal layer 3
includes liquid crystal molecules 3a of negative dielectric
anisotropy.
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The liquid crystal display device 100 further includes a pair
of circular polarization plates 404 and 405 which oppose each
other viathe liquid crystal layer 3. In the present embodiment,
the rear side circular polarization plate (first circular polar-
ization plate) 40a is provided on a side of the transparent
substrate 11 of the TFT substrate 1 which is opposite to the
liquid crystal layer 3. The viewer side circular polarization
plate (second circular polarization plate) 405 is provided on a
side of the transparent substrate 21 of the counter substrate 2
which is opposite to the liquid crystal layer 3. The first circu-
lar polarization plate 40a is constituted of a linear polarizer
4041 and a Ya-wave plate (A/4 plate) 4042 that is provided on
a side of the linear polarizer 40a1 which is closer to the liquid
crystal layer 3. Likewise, the second circular polarization
plate 405 is constituted of a linear polarizer 4051 and a Vs-
wave plate (M4 plate) 4052 that is provided on a side of the
linear polarizer 4051 which is closer to the liquid crystal layer
3. The linear polarizers 40a1 and 4051 are in a crossed Nicols
arrangement. Specifically, the transmission axis of the linear
polarizer 404l on one side and the transmission axis of the
linear polarizer 4051 on the other side are generally perpen-
dicular to each other. The Y4-wave plate 40a2 of the first
circular polarization plate 40a is arranged such that its slow
axis forms an angle of about 45° with respect to the transmis-
sion axis of the linear polarizer 40a1. The Y4-wave plate 4052
of the second circular polarization plate 405 is arranged such
that its slow axis forms an angle of about 45° with respect to
the transmission axis of the linear polarizer 4051.

In the liquid crystal display device 100 that includes a pair
of circular polarization plates 40a and 405 such as those
described above, light that is incident on the liquid crystal
layer 3 is circularly-polarized light. Thus, the liquid crystal
layer 3 modulates the circularly-polarized light, thereby real-
izing display.

The pixel electrode 12 of the TFT substrate 1 includes a
plurality of sub-pixel electrodes 128 as shown in FIG. 1(5).
Here, two sub-pixel electrodes 12S are arranged along the
column direction. Each of the two sub-pixel electrodes 128
includes a cruciform trunk portion 12a, a plurality of branch
portions 125 extending from the trunk portion 12a in direc-
tions of about 45°, and a plurality of slits 12¢ provided
between the plurality of branch portions 124. In the present
embodiment, the cruciform trunk portion 12a is arranged so
as to coincide with the transmission axes (or absorption axes)
of the linear polarizers 40a1 and 4051. In this way, each of the
sub-pixel electrodes 128 has a fishbone structure (comb
tooth-like fine electrode structure). Note that the two sub-
pixel electrodes 128 are separated from each other by a slit
12e but coupled with each other by a connecting portion 124,
so that they are not electrically independent of each other.

The counter substrate 2 includes a plurality of counter
electrodes 22 which are electrically independent of each other
in each of the plurality of pixels P as shown in FIG. 1(c). Here,
two counter electrodes 22 are arranged along the column
direction. In a common-employed liquid crystal display
device, the counter electrode is a single undivided electrode
which is common among all of the pixel electrodes. On the
other hand, in the liquid crystal display device 100 of the
present embodiment, a conductive film which is formed in the
counter substrate 2 is divided by a slit 22e in each pixel P.

The plurality of sub-pixel electrodes 12S and the plurality
of counter electrodes 22 are arranged on a one-to-one basis.
One sub-pixel electrode 12S and one corresponding counter
electrode 22 define one sub-pixel SP. Therefore, in the present
embodiment, each pixel P includes two sub-pixels SP which
are arranged along the column direction. Further, in the
present embodiment, the boundary of adjacent sub-pixel elec-
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trodes 128 (the slit 12e which separates the two sub-pixel
electrodes 12S; see FIG. 1(5)) overlaps the boundary of adja-
cent counter electrodes 22 (the slit 22¢ which separates the
two counter electrodes 22; see FIG. 1(c)).

The region between the pixel electrode 12 and the liquid
crystal layer 3 and the region between the counter electrodes
22 and the liquid crystal layer 3 are provided with a pair of
vertical alignment films 32q and 325 as shown in FIG. 1. In
the absence of an applied voltage across the liquid crystal
layer 3, the alignment controlling force of the vertical align-
ment films 32a and 325 operates on the liquid crystal mol-
ecules 3a so as to orient generally perpendicular to (specifi-
cally, at an angle of about 85° or more with respect to) the
surfaces of the vertical alignment films 324 and 324.

In the liquid crystal display device 100, the pixel electrode
12 has a fishbone structure such as that described above
(comb tooth-like fine electrode structure), and this structure
realizes alignment division of each pixel P. Specifically, in the
presence of an applied voltage across the liquid crystal layer
3, four types of liquid crystal domains are formed in the liquid
crystal layer 3 in each pixel P. The azimuths of four directors
that are representative of the orientations of liquid crystal
molecules 3a that are included in respective ones of the four
types of liquid crystal domains are different from one another.
Therefore, the azimuthal angle dependence of the viewing
angle is decreased, so that display of wide viewing angles is
realized. Such a structure which realizes formation of four
types of liquid crystal domains is referred to as “four-domain
alignment structure” or simply “4D structure”.

Now, with further reference to FIG. 2, the relationship
between a more specific configuration of the pixel electrode
12 and the azimuths of the directors of the respective liquid
crystal domains is described.

As shown in FIG. 2, the trunk portion 12a of the sub-pixel
electrodes 12S includes a horizontally-extending linear por-
tion (horizontal linear portion) 1241 and a vertically-extend-
ing linear portion (vertical linear portion) 1242. The horizon-
tal linear portion 1241 and the vertical linear portion 1242
intersect with each other (at right angles) at the center of the
sub-pixel SP.

The plurality of branch portions 125 are divided into four
groups corresponding to the four regions separated by the
cruciform trunk portion 12a. Specifically, supposing that the
display surface is the clock dial where the azimuth of 0° is
identical with the 3 o’clock direction and that the counter-
clockwise direction is the positive direction, the plurality of
branch portions 125 are divided into the first group that is
constituted of branch portions 1251 extending in the azimuth
0f45°, the second group that is constituted of branch portions
1252 extending in the azimuth of 135°, the third group that is
constituted of branch portions 1253 extending in the azimuth
of 225°, and the fourth group that is constituted of branch
portions 1254 extending in the azimuth of 315°.

In each of the first, second, third, and fourth groups, both
the width of each of the plurality of branch portions 124, L,
and the interval between adjacent ones of the branch portions
125, S, are typically notless than 1.5 pm and not more than 5.0
wm. From the viewpoint of the stability of alignment of the
liquid crystal molecules 3a and luminance, it is preferred that
the width L and the interval S of the branch portions 125 are
within the above range. Note that the number of the branch
portions 124 extending from the horizontal linear portion
12al of the trunk portion 12a and the number of the branch
portions 125 extending from the vertical linear portion 1242
are not limited to those shown in FIG. 1 and FIG. 2.

Each of the plurality of slits 12¢ extends in the same direc-
tion as adjacent ones of the branch portions 125. Specifically,
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slits 12¢ provided between the first group branch portions
1241 extend in the azimuth of 45°, and slits 12¢ provided
between the second group branch portions 1252 extend in the
azimuth of 135°. Also, slits 12¢ provided between the third
group branch portions 1263 extend in the azimuth of 225°,
and slits 12¢ provided between the fourth group branch por-
tions 1254 extend in the azimuth of 315°.

In the presence of an applied voltage, the azimuth in which
the liquid crystal molecules 3a incline (the azimuthal angle
component of the long axes of the liquid crystal molecules 3a
inclined by an electric field) is defined by an oblique electric
field produced in each slit 12¢ (i.e., a space where the con-
ductive film of the pixel electrode 12 does not exist). This
azimuth is parallel to the branch portions 125 (i.e., parallel to
the slits 12¢) and is identical with a direction toward the trunk
portion 12a (i.e., an azimuth which is different by 180° from
the extension azimuth of the branch portions 124). Specifi-
cally, the inclination azimuth defined by the first group branch
portions 1251 (first azimuth: arrow A) is the azimuth of 225°,
the inclination azimuth defined by the second group branch
portions 1262 (second azimuth: arrow B) is the azimuth of
315°, the inclination azimuth defined by the third group
branch portions 1253 (third azimuth: arrow C) is the azimuth
of 45°, and the inclination azimuth defined by the fourth
group branch portions 1264 (fourth azimuth: arrow D) is the
azimuth of 135°. The four azimuths A to D described above
are equal to the azimuths of the directors of the respective
domains of the 4D structure which are formed in the presence
of an applied voltage. The azimuths A to D are generally
parallel to any of the plurality of branch portions 124. The
difference between any two of the azimuths A to D is equal to
an integral multiple of 90°. The azimuths of the directors of
liquid crystal domains which are adjacent to each other with
the trunk portion 12« interposed therebetween (e.g., azimuth
A and azimuth B) are different from each other by about 90°.
Note that, in the present embodiment, the azimuths A to D
form an angle of about 45° with the transmission axes of the
linear polarizers 40a1 and 4051.

As described above, the pixel electrode 12 has a fishbone
structure, and accordingly, in the presence of an applied volt-
age, a plurality of liquid crystal domains are formed in each
pixel P. Therefore, the azimuthal angle dependence of the
viewing angle is decreased, and display of wide viewing
angles is realized. Note that, in the present embodiment, each
of the plurality of sub-pixel electrodes 12S has a fishbone
structure, and therefore, four types of liquid crystal domains
are formed in each of the plurality of sub-pixels SP. That is, a
4D structure is formed in each sub-pixel SP. The pixel elec-
trode 12 does not need to have multiple ones of the cruciform
trunk portion 12a but may have at least one. However, from
the viewpoint of the viewing angle characteristics, the pixel
electrode 12 preferably has a plurality of sub-pixel electrodes
12S each of which includes a cruciform trunk portion 12a.
That is, it is preferred that a 4D structure is formed in each of
the sub-pixels SP. Note that, in that case, from the viewpoint
of achieving a high aperture ratio, the boundary of adjacent
sub-pixel electrodes 12S (i.e., the slit 12¢) overlaps the
boundary of adjacent counter electrodes 22 (i.e., the slit 22¢).

Further, in the liquid crystal display device 100, a plurality
of counter electrodes 22 which are electrically independent of
each other are provided in each pixel P. Therefore, in order to
display at least part of the middle grayscale levels, potentials
which are different from one another can be applied to the
plurality of counter electrodes 22. Thus, different effective
voltages can be applied across the liquid crystal layers 3 of
respective ones of the two sub-pixels SP, and the two sub-
pixels SP can provide different luminances.
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Thus, inthe liquid crystal display device 100 of the present
embodiment, multi-pixel driving is realized by the electrode
structure which is provided on the counter substrate 2 side.
This is in contrast to conventional, commonly-employed
multi-pixel driving techniques where multi-pixel driving is
realized by the electrode structure which is provided on the
active matrix substrate side. Note that, in the conventional,
commonly-employed multi-pixel driving techniques, regions
ofthe pixel electrode which are supplied with different poten-
tials are referred to as “sub-pixel electrodes”, whereas in the
liquid crystal display device 100 of the present embodiment,
the minimum unit of the pixel electrode 12 for realizing the
4D structure is referred to as “sub-pixel electrode”.

Here, a more specific configuration example where differ-
ent potentials are supplied to the plurality of counter elec-
trodes 22 for realizing multi-pixel driving is described with
reference to FIG. 3 and FIG. 4. FIG. 3 is a diagram showing
a region corresponding to four pixels P of the liquid crystal
display device 100. FIG. 4 is a diagram showing a wiring
structure of the counter substrate 2.

In the description provided hereinbelow, a sub-pixel SP
which is provided in the upper part of the pixel P and a
sub-pixel SP which is provided in the lower part are referred
to as “first sub-pixel” and “second sub-pixel”, respectively,
which are denoted as “SP1” and “SP2” in FIG. 3. A sub-pixel
electrode 12S which is provided in the upper part of the pixel
P and a sub-pixel electrode 12S which is provided in the lower
part are referred to as “first sub-pixel electrode” and “second
sub-pixel electrode”, respectively, which are denoted as
“1281” and “1282” in FIG. 3. A counter electrode 22 which is
provided in the upper part of the pixel P and a counter elec-
trode 22 which is provided in the lower part are referred to as
“first counter electrode” and “second counter electrode”,
respectively, which are denoted as “22a4” and “226” in FIG. 3
and FIG. 4.

As shown in FIG. 3, each pixel P is provided with one thin
film transistor (TFT) 50. The TFT 50 is supplied with a scan
signal from a scan line (gate line) 51 extending in the row
direction and a video signal from a signal line (source line) 52
extending in the column direction.

The pixel electrode 12 is coupled to this TFT 50. Specifi-
cally, the second sub-pixel electrode 1252 is directly coupled
to the TFT 50, and the first sub-pixel electrode 1251 is
coupled to the TFT 50 via the second sub-pixel electrode
1282. That is, the first sub-pixel electrode 1251 and the sec-
ond sub-pixel electrode 1252 are electrically coupled to the
common (identical) TFT 50.

The first counter electrode 22a of a pixel P is connected to
the first counter electrode 22a of an adjacent pixel P which is
contiguously placed along the row direction. Meanwhile, the
second counter electrode 225 of a pixel P is connected to the
second counter electrode 225 of an adjacent pixel P which is
contiguously placed along the row direction. Thus, when the
entirety of the plurality of pixels P is observed, the first
counter electrodes 22a extending in the row direction and the
second counter electrodes 225 extending likewise in the row
direction alternately occur along the column direction.

As shown in FIG. 4, the counter substrate 2 includes a
display region 2D which is defined by the plurality of pixels
P and a frame region 2F which surrounds the display region
2D. All of the first counter electrodes 22a are coupled to a
common line 61 which is provided in the left side part of the
frame region 2F. All of the second counter electrodes 225 are
coupled to a common line 62 which is provided in the right
side part of the frame region 2F. The line 61 which is coupled
to the first counter electrodes 22a and the line 62 which is
coupled to the second counter electrodes 225 are supplied
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with different voltages (counter voltages), whereby the first
counter electrodes 22a and the second counter electrodes 225
are supplied with different potentials. Therefore, it is possible
to apply different voltages across the liquid crystal layer 3 of
the first sub-pixel SP1 and the liquid crystal layer 3 of the
second sub-pixel SP2.

For example, when the potential of the pixel electrode 12 is
+5V, supplying a potential of 0V to the first counter electrode
22a and a potential of +1 V to the second counter electrode
22b results in that the voltage which is applied across the
liquid crystal layer 3 of the first sub-pixel SP11is 5V while the
voltage which is applied across the liquid crystal layer 3 of the
second sub-pixel SP2is 4 V.

As described above, in the liquid crystal display device 100
of the present embodiment, the pixel electrode 12 has a fish-
bone structure although circularly-polarized light is utilized,
and therefore, the alignment state of the liquid crystal layer 3
is not aradial inclination alignment (axially-symmetric align-
ment) but a four-domain alignment. Thus, by performing
multi-pixel driving, they shift and the whitening phenomenon
which is attributed to the v shift can be sufficiently reduced.
The fishbone structure has a large number of fine stripes 12¢,
and therefore, there is a probability that the proportion of a
region of the pixel electrode 12 in which the conductive film
is provided is smaller than in the electrode structure of the
CPA mode. However, when the fishbone structure is
employed, it is not necessary to provide an opening or pro-
trusion in the counter electrode for stabilizing the alignment
asis in the CPA mode. Thus, even when the fishbone structure
is employed instead of the electrode structure of the CPA
mode, the decrease of the transmittance would not matter. In
other words, the decrease of the transmittance which is attrib-
uted to the structure of the pixel electrode 12 can be compen-
sated for by absence of necessity for provision of an align-
ment stabilizing structure in the counter electrode 22.
According to the conventional techniques, the fishbone struc-
ture pixel electrode is usually used in combination with a
configuration which utilizes linearly-polarized light. In the
liquid crystal display device 100 of the present embodiment,
however, the fishbone structure pixel electrode 12 is used in
combination with a configuration which utilizes circularly-
polarized light. This enables it to contribute to the transmit-
tance no matter which azimuth the liquid crystal molecules 3a
are oriented in (i.e., the phase difference can be given to light
passing through the liquid crystal layer 3 so long as the liquid
crystal molecules 3¢ are inclined in response to an applied
voltage). Therefore, even if the alignment is disturbed in a gap
portion of the slits 12¢ (i.e., over the branch portions 12b), the
disturbed alignment would not cause a decrease in transmit-
tance. When multi-pixel driving is performed, some of the
plurality of sub-pixels SP are made darker than the other.
Therefore, there is a concern that the darker sub-pixels may
decrease the light utilization efficiency. However, in the liquid
crystal display device 100 of the present embodiment, the
multi-pixel driving is realized by the electrode structure on
the counter substrate 2 side (specifically, by providing a plu-
rality of counter electrodes 22 which are electrically indepen-
dent of each other in each pixel P), and therefore, it is not
necessary to provide a plurality of TFTs 50 in each pixel P,
and a high aperture ratio can be realized as compared with the
case of using a conventional, commonly-employed multi-
pixel driving technique where the multi-pixel driving is real-
ized by the electrode structure on the TFT substrate side.
Thus, the decrease of light utilization efficiency which is
attributed to the multi-pixel driving would not matter. As
described above, in the liquid crystal display device 100 of the
present embodiment, the y shift can be sufficiently reduced,
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and the decrease in transmittance can be prevented. Thus,
display in which the viewing angle dependence of the y char-
acteristic is small and which is bright can be realized.

Note that it is further preferred to use the PSA technology
(Polymer Sustained Alignment Technology) in the liquid
crystal display device 100 of the present embodiment. Using
the PSA technology enables to further improve the response
speed and the alignment stability.

FIG. 5 shows a cross-sectional view which illustrates the
case where the PSA technology is employed in the liquid
crystal display device 100. As shown in FIG. 5, surfaces of the
vertical alignment films 32« and 3256 which are closer to the
liquid crystal layer 3 are provided with a pair of alignment
sustaining layers 34a and 34b which are made of a photopo-
lymerized material.

The alighment sustaining layers 34a and 345 may be
formed by polymerizing a photopolymerizable compound
(typically, a photopolymerizable monomer) which is con-
tained in a prepared liquid crystal material in the presence of
an applied voltage across the liquid crystal layer 3 after for-
mation of a liquid crystal panel. Before the polymerization of
the photopolymerizable compound, the orientation of the lig-
uid crystal molecules 3a contained in the liquid crystal layer
3 is controlled by the vertical alignment films 32a and 325.
When a sufficiently high voltage (e.g., white display voltage)
is applied across the liquid crystal layer 3, the liquid crystal
molecules 3a incline in predetermined azimuths due to
oblique electric fields which are attributed to the fishbone
structure of the pixel electrode 12. The alignment sustaining
layers 34a and 345 function to sustain (memorize) an align-
ment of the liquid crystal molecules 3a which occurs in the
presence of an applied voltage across the liquid crystal layer
3 even after removal of the voltage (in the absence of an
applied voltage). Therefore, the pretilt azimuths of the liquid
crystal molecules 3a which are defined by the alignment
sustaining layers 34a and 345 (the azimuths in which the
liquid crystal molecules 3a incline in the absence of an
applied voltage) conform to the azimuths in which the liquid
crystal molecules 3a incline in the presence of an applied
voltage.

The alignment sustaining layers 34a and 345 may be
formed using a known PSA technology. The PSA technology
is disclosed in, for example, Japanese Laid-Open Patent Pub-
lication No. 2003-149647, Japanese Laid-Open Patent Pub-
lication No. 2006-78968, Japanese Laid-Open Patent Publi-
cation No. 2003-177418, Japanese Laid-Open Patent
Publication No. 2003-287753, and Japanese Laid-Open
Patent Publication No. 2006-330638.

In FIG. 5, each of the alignment sustaining layers 34a and
34b is shown as a continuous film-like layer for the sake of
convenience, although the alignment sustaining layers 34a
and 345 are not limited to such a form. Each of the alignment
sustaining layers 34a and 345 may be constituted of a plural-
ity of pieces (islands) that are discretely formed.

As described above, it is preferred to employ the PSA
technology in the liquid crystal display device 100 of the
present embodiment. In the liquid crystal display device 100
that employs the fishbone structure pixel electrode 12, a pro-
trusion (which is also referred to as “rivet”) for stability of the
alignment is not provided on the counter substrate 2 side, and
therefore, it is necessary to sufficiently stabilize the alignment
by means of the slits 12¢ of the pixel electrode 12. Thus, when
the voltage applied across the liquid crystal layer 3 is abruptly
increased from a level which is equal to or lower than the
threshold voltage to alevel which is equal to or higher than the
saturation voltage (when the display state is quickly changed
from the black display state to the white display), the liquid
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crystal molecules 3a abruptly fall before the alignment of the
liquid crystal molecules 3a is defined by means of oblique
electric fields produced in the slits 12¢, so that the alignment
is disturbed, although such a problem would not occur when
the voltage applied across the liquid crystal layer 3 is
increased stepwise. In that case, some of the liquid crystal
molecules 3a are oriented parallel to the azimuths of the
extending directions of the slits 12¢ (i.e., in desired azimuths),
while the remaining liquid crystal molecules 3a form a
reverse tilt domain or a point disclination so that the align-
ment disturbance can remain, and this may cause display
roughness.

When the PSA technology is used, the voltage applied
across the liquid crystal layer 3 is increased stepwise so that
the stable alignment state can be formed, and light irradiation
is performed in this state, whereby the alignment sustaining
layers 34a and 345 which accord with the inclination azi-
muths of the liquid crystal molecules 3¢ can be formed over
the vertical alignment films 32a¢ and 32b. Therefore, even
when display is performed such that the voltage applied
across the liquid crystal layer 3 is abruptly increased, occur-
rence of alignment disturbance (display roughness) can be
prevented because the azimuths of the orientations of the
liquid crystal molecules 3a are defined by the alignment
sustaining layers 34a and 344.

The present inventor specifically verified the effect of
reducing the y shift and the effect of preventing the decrease
in transmittance in the liquid crystal display device 100 of the
present embodiment in comparison with the CPA mode
which utilizes circularly-polarized light. The results of the
verification are described below.

First, the difference between the alignment statein the CPA
mode and the alignment state in the four-domain alignment
structure which is formed by the fishbone structure and the
difference between the configuration which utilizes linearly-
polarized light and the configuration which utilizes circu-
larly-polarized light are described prior to the description of
the verification results.

FIG. 6(a) shows the alignment state of the liquid crystal
molecules 3a in the CPA mode. FIG. 6(b) shows the align-
ment state of the liquid crystal molecules 3a in a four-domain
alignment structure which is formed by a fishbone structure.

In the CPA mode, the liquid crystal molecules 34 are ori-
ented in all the azimuths as shown in FIG. 6(a). This is
because the liquid crystal molecules 3a fall toward a protru-
sion provided on the counter substrate or an opening formed
in the counter electrode (either of which is provided at a
position corresponding to the center of each of a plurality of
unit solid portions of the pixel electrode).

Since the liquid crystal molecules 3a are oriented in all the
azimuths in the CPA mode, in the configuration which utilizes
linearly-polarized light, liquid crystal molecules 3@ which are
oriented in an azimuth parallel to and an azimuth perpendicu-
lar to the polarization direction of the linearly-polarized light
entering the liquid crystal layer do not contribute to the trans-
mittance, so that the transmittance decreases. On the other
hand, in the configuration which utilizes circularly-polarized
light, the liquid crystal molecules 3a that are oriented in all
the azimuths contribute to the transmittance, so that the trans-
mittance can be improved.

On the other hand, in the four-domain alignment structure,
the liquid crystal molecules 3a are oriented in the azimuth of
45°, the azimuth of 135°, the azimuth of 225°, and the azi-
muth of315° as shown in FIG. 6(b). This is because the liquid
crystal molecules 3a fall parallel to the slits 12¢ of the fish-
bone structure (i.e., also parallel to the branch portions 125).
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Thus, in the four-domain alignment structure, the liquid
crystal molecules 3a are oriented in specific azimuths, and
therefore, according to the conventional techniques, the four-
domain alignment structure is usually combined with the
configuration which utilizes linearly-polarized light. By
arranging the transmission axes (or absorption axes) of the
linear polarization plates so as to form an angle of 45° with
respect to the orientation azimuths of the liquid crystal mol-
ecules 3a, the light utilization efficiency can be maximized
(i.e., the transmittance can be maximized). Note that the
reason why the liquid crystal molecules 3 are oriented in the
azimuth 0f45°, the azimuth of 135°, the azimuth of 225°, and
the azimuth of 315° is that the transmission axes (or absorp-
tion axes) of the linear polarization plates are arranged par-
allel to the horizontal direction (the azimuth of 0°) or the
vertical direction (the azimuth of 90°) of the display surface.
When observing the display surface, the viewing angle is
inclined along the horizontal direction (right-and-left direc-
tion) or vertical direction (top-and-bottom direction) of the
display surface in many cases. With such an arrangement,
when the viewing angle is inclined along the horizontal direc-
tion or the vertical direction, the transmission axes of the
linear polarization plates that are in a crossed Nicols arrange-
ment would not deviate from the orthogonal relationship.
Thus, light leakage which may occur when the display sur-
face is observed from an oblique direction can be prevented,
and the viewing angle (equal contrast) range along the top-
and-bottom and right-and-left directions can be enlarged.

FIG. 7(a) shows an example of a configuration for utilizing
linearly-polarized light. FIG. 7(b) shows an example of a
configuration for utilizing circularly-polarized light. FIG.
8(a) shows the arrangement of optical axes in the configura-
tion shown in FIG. 7(a). F1G. 8(b) shows the arrangement of
optical axes in the configuration shown in FIG. 7(b). Note that
in FIGS. 7(a) and 7(b) the rear side is shown on the upper side
and the viewer side is shown on the lower side, whereas in
FIG. 1 and F1G. 5 the rear side is shown on the lower side and
the viewer side is shown on the upper side.

As shown in FIG. 7(a), in the configuration which utilizes
linearly-polarized light, a pair of linear polarization plates
41a and 415 which oppose each other via the liquid crystal
layer 3 are provided. In the example shown in FIG. 7(a), sides
of the linear polarization plates 41a and 415 which are closer
to the liquid crystal layer 3 are provided with dual-axis phase
plates 42a and 426 for preventing light leakage which may
occur in the case of observation from an oblique direction
(which is attributed to deviation of the transmission axes of
the linear polarization plates 41a and 415 from the orthogonal
state). Fach of the dual-axis phase plates 424 and 425 is
configured such that the phase difference in the in-plane
direction, Rxy, is 60 nm and the phase difference in the
thickness direction, Rth, is 100 nm.

As shown in FIG. 8(a), the linear polarization plate 41a on
the rear side is arranged such that its absorption axis 41aax is
coincident with the azimuth 0f90°, and the linear polarization
plate 415 on the viewer side is arranged such that its absorp-
tion axis 41bax is coincident with the azimuth of 0°. That is,
the linear polarization plates 41a and 415 are in a crossed
Nicols arrangement. The dual-axis phase plate 424 on the rear
side is arranged such that its slow axis 42aax is coincident
with the azimuth of 0°, and the dual-axis phase plate 425 on
the viewer side is arranged such that its slow axis 42bax is
coincident with the azimuth of 90°. That is, in this example,
the dual-axis phase plates 42a and 425 that have equal phase
differences are arranged such that the azimuths of the slow
axes 42aax and 42bax are different from each other.
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On the other hand, as shown in FIG. 7(b), in the configu-
ration which utilizes circularly-polarized light, a pair of cit-
cular polarization plates 40a and 405 which oppose each
other via the liquid crystal layer 3 are provided. In the
example shown in FIG. 7(3), the rear side circular polariza-
tion plate 40a is constituted of the linear polarizer 4041 and
the Y4-wave plate 4042 that is provided on a side of the linear
polarizer 40a1 which is closer to the liquid crystal layer 3.
Likewise, the circular polarization plate 405 on the viewer
side is constituted of the linear polarizer 4051 and the Y4-wave
plate 4052 that is provided on a side of the linear polarizer
4051 which is closer to the liquid crystal layer 3. Each of the
Ya-wave plates 40a2 and 4052 is configured such that the
phase difference in the in-plane direction, Rxy, is 138 nm and
the phase difference in the thickness direction, Rth, is 160 nm.

As shown in FIG. 8(5), the linear polarizer 40a1 on the rear
side is arranged such that its absorption axis 40alax is coin-
cident with the azimuth of 90°, and the linear polarizer 4051
on the viewer side is arranged such that its absorption axis
4051 ax is coincident with the azimuth of 0°. That is, the linear
polarizers 40a1 and 4051 are in a crossed Nicols arrange-
ment. The Y4-wave plate 4042 on the rear side is arranged
such that its slow axis 40a2ax is coincident with the azimuth
of 135°, and the Ya-wave plate 4052 on the viewer side is
arranged such that its slow axis 4052ax is coincident with the
azimuth of 45°, That is, the V4-wave plates 4042 and 4052 that
have equal phase differences are arranged such that the azi-
muths of the slow axes 40a2ax and 40b2ax are different from
each other.

The present inventor calculated the polarization state of
light that is incident on the liquid crystal layer 3 (the polar-
ization state at the interface between the dual-axis phase plate
42a or the Y4-wave plate 4042 and the liquid crystal layer 3)
by simulation for the case where linearly-polarized light is
utilized (the configuration shown in FIG. 7(@)) and the case
where circularly-polarized light is utilized (the configuration
shown in FIG. 7(b)). The results of the calculation are shown
in FIG. 9 and FIG. 10. FIG. 9 and FIG. 10 show the variation
of the polarization state with the light incident direction var-
ied from the front direction toward the right side (azimuth of
0°) in the polar angle (o) range of 0° to 60° (for FIG. 10, in the
range of -80° to +80°) where the direction normal to the
display surface is the front direction (polar angle a=0°). In
FIGS. 7(a) and 7(b), the path of the entering light in that case
and the observation point P of the polarization state are
shown. FIGS. 9(a) and 9(b) are diagrams showing the locus of
the tip of the electric field vector of the light that is incident on
the liquid crystal layer 3. FIGS. 10(a) and 10(b) are graphs
showing the polarization state of the light that is incident on
the liquid crystal layer 3 which is in a numerical expression
with the ratio of S1 (horizontal polarization component), S2
(45° linear polarization component), and S3 (circular polar-
ization component). S1, S2, and S3 are referred to as “Stokes
Parameters”. FIG. 9(a) and FIG. 10(a) each show the result
for the case where linearly-polarized light is utilized. FIG.
9(b) and FIG. 10(b) each show the result for the case where
circularly-polarized light is utilized.

It is appreciated from FIG. 9(a) that, in the configuration
whichutilizes linearly-polarized light, light that is incident on
the liquid crystal layer 3 from the front direction (¢=0°) and
light that is incident on the liquid crystal layer 3 from an
oblique direction (0=10° to 60°) have the same polarization
state (i.e., both of them are linearly-polarized light). On the
other hand, it is appreciated from FIG. 9(b) that, in the con-
figuration which utilizes circularly-polarized light, light that
is incident on the liquid crystal layer 3 from the front direction
(0=0°) and light that is incident on the liquid crystal layer 3
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from an oblique direction (a=10° to 60°) have largely differ-
ent polarization states. Specifically, it is appreciated that the
light that is incident on the liquid crystal layer 3 from the front
direction is circularly-polarized light, while the light that is
incident on the liquid crystal layer 3 from an oblique direction
is elliptically-polarized light. This tendency increases as the
polar angle o increases, and the ellipticity of the elliptically-
polarized light (the ratio of the length of the long axis and the
length of the short axis) decreases. That is, as the polar angle
o increases, the oblateness of the elliptically-polarized light
increases.

It is appreciated from FIG. 10(a) that, in the configuration
which utilizes linearly-polarized light, the ratio of S1, S2, and
S3 does not vary in the light that is incident on the liquid
crystal layer 3 from the front direction and the light that is
incident on the liquid crystal layer 3 from an oblique direc-
tion, and the polarization state is equal without depending on
the largeness of the polar angle c.. On the other hand, it is
appreciated from FIG. 10(5) that, in the configuration which
utilizes circularly-polarized light, the light that is incident on
the liquid crystal layer 3 from the front direction and the light
that is incident on the liquid crystal layer 3 from an oblique
direction have largely different polarization states, and as the
light incident direction inclines from the front direction (as
the polar angle o. increases), the proportion of S3 (circular
polarization component) decreases while the proportion of S2
(45° linear polarization component) increases.

As described above, in the configuration which utilizes
circularly-polarized light, the light that is incident on the
liquid crystal layer 3 from an oblique direction is elliptically-
polarized light. As will be described later, this is one of the
reasons that the y shift is large in the CPA mode which utilizes
circularly-polarized light.

Next, the results of the verification of the effect of reducing
the y shift and the effect of preventing the decrease in trans-
mittance in the liquid crystal display device 100 of the present
embodiment are described. Here, the verification was carried
out on eight types of liquid crystal display devices shown in
Table 1 below.

TABLE 1
Alignment State Polarized Light
with Applied Multi-pixel which is
Type Voltage Driving Utilized
1 Radial Inclination None Linearly-
Alignment (CPA Polarized Light
2 mode) Circularly-
Polarized Light
3 Counter Division Linearly-
Driving Polarized Light
4 Circularly-
Polarized Light
5 Four-domain None Linearly-
Alignment by Polarized Light
6  Fishbone Structure Circularly-
Polarized Light
7 Counter Division Linearly-
Driving Polarized Light
8 Circularly-
Polarized Light

The type 1 to type 4 liquid crystal display devices are
CPA-mode liquid crystal display devices in which the align-
ment state in the presence of an applied voltage is a radial
inclination alignment (axially-symmetric alignment). On the
other hand, the type 5 to type 8 liquid crystal display devices
include a pixel electrode which has a fishbone structure in
which the alignment state in the presence of an applied volt-
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age is a four-domain alignment. In the type 1, type 2, type 5,
and type 6 liquid crystal display devices, the multi-pixel
driving is not performed. Onthe other hand, in the type 3, type
4,type 7, and type 8 liquid crystal display devices, the counter
electrode is divided in each pixel (i.e., a plurality of counter
electrodes which are electrically separate from one another
are provided in each pixel), whereby the multi-pixel driving is
realized (in Table 1, shown as “Counter Division Driving”). In
the type 1, type 3, type 5, and type 7 liquid crystal display
devices, the polarized light which is utilized is linearly-po-
larized light. On the other hand, in the type 2, type 4, type 6,
and type 8 liquid crystal display devices, the polarized light
which is utilized is circularly-polarized light. The type 8
liquid crystal display device is an inventive example corre-
sponding to the liquid crystal display device 100 of the
present embodiment. The type 1 to type 7 liquid crystal dis-
play devices are comparative examples.

FIGS.11(e) and 11(b) show the electrode structures in one
pixel P of the type 1 and type 2 liquid crystal display devices.
FIG. 11(a) is a plan view showing the electrode structure on
the TFT substrate side. FIG. 11(d) is a plan view showing the
electrode structure on the counter substrate side.

As shown in FIG. 11(a), apixel electrode 14 which is made
of a transparent conductive material (e.g., ITO or IZO) is
provided on the TFT substrate side. The pixel electrode 14
includes two unit solid portions 144 and a slit 145 which is
provided between the two unit solid portions 14a. Each of the
two unit solid portions 14a has a generally-rectangular shape
with arc-shaped corners. The unit solid portions 14a are elec-
trically coupled with each other by a connecting portion 14c¢.
The width of the slit 145 is 6 um to 10 pm.

As shown in FIG. 11(), a counter electrode 24 which is
made of a transparent conductive material (e.g., ITO or IZQ)
is provided on the counter substrate side. The counter elec-
trode 24 is a conductive film which is continuously formed
over the entirety of the counter substrate. The counter elec-
trode 24 is a single undivided electrode which is common
among all of the pixels P. On the counter electrode 24, pro-
trusions 25 are provided at positions corresponding to the
centers of the unit solid portions 14a for stabilizing the align-
ment. The protrusions (which are also referred to as “rivets”™)
25 are made of a resin material (e.g., an acrylic resin or a
novolac resin).

FIGS.12(@) and 12(b) show the electrode structures in one
pixel P of the type 3 and type 4 liquid crystal display devices.
FIG. 12(a) is a plan view showing the electrode structure on
the TFT substrate side. FIG. 12(?) is a plan view showing the
electrode structure on the counter substrate side.

As shown in FIG. 12(a), on the TFT substrate side, the
pixel electrode 14 which is the same as the pixel electrode 14
of the type 1 and type 2 liquid crystal display devices, i.e., the
pixel electrode 14 that has the two unit solid portions 14a and
the slit 142, is provided.

As shown in FIG. 12(b), on the counter substrate side, two
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counter electrodes 22 which are electrically independent of 55

each other are provided in each pixel P. The counter elec-
trodes 22 are separated from each other by a slit 22e which has
a width of 6 pm to 10 pm. On the counter electrode 22,
protrusions 25 are provided at positions corresponding to the
centers of unit solid portions 24a for stabilizing the align-
ment.

In the type 1 to type 4 liquid crystal display devices, in the
presence of an applied voltage across the liquid crystal layer,
the alignment controlling force of an oblique electric field
produced in the vicinity of the perimeter edge of the unit solid
portions 14a of the pixel electrode 14 and the alignment
controlling force of the protrusions 25 control the liquid crys-
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tal molecules 34 so as to orient in all the azimuths as shown in
FIG. 11(a) and FIG. 12(a). In the type 3 and type 4 liquid
crystal display devices, the two counter electrodes 22 that are
electrically independent of each other are provided in each
pixel P. Thus, the multi-pixel driving can be realized by sup-
plying different potentials to respective ones of the two
counter electrodes 22.

FIGS. 13(a) and 13(b) show the electrode structures in one
pixel P of the type 5 and type 6 liquid crystal display devices.
FIG. 13(a) is a plan view showing the electrode structure on
the TFT substrate side. FIG. 13(?) is a plan view showing the
electrode structure on the counter substrate side.

As shown in FIG. 13(a), a pixel electrode 12 which is made
of a transparent conductive material (e.g., [TO or IZO) is
provided on the TFT substrate side. The pixel electrode 12
includes two sub-pixel electrodes 12S. Each of the two sub-
pixel electrodes 12S includes a cruciform trunk portion 124,
a plurality of branch portions 126 extending from the trunk
portion 12q in the directions of about 45°, and a plurality of
slits 12¢ which are formed between the plurality of branch
portions 125. That s, each of the two sub-pixel electrodes 12S
has a fishbone structure. The width of the slits 12¢ is 2 pm to
4 um. The sub-pixel electrodes 12S are separated from each
other by a slit 12e which has a width of 6 pm to 10 pm but
coupled with each other by a connecting portion 124, so that
they are not electrically independent of each other.

As shown in FIG. 13(b), a counter electrode 24 which is
made of a transparent conductive material (e.g., ITO or IZO)
is provided on the counter substrate side. The counter elec-
trode 24 is a conductive film which is continuously formed
over the entirety of the counter substrate. The counter elec-
trode 24 is a single undivided electrode which is common
among all of the pixels P. On the counter electrode 24, the
protrusions 25 such as those provided in the type 1 to type 4
liquid crystal display devices are not provided.

FIGS. 14(a) and 14(b) show the electrode structures in one
pixel P of the type 7 and type 8 liquid crystal display devices.
FIG. 14(a) is a plan view showing the electrode structure on
the TFT substrate side. FIG. 14(5) is a plan view showing the
electrode structure on the counter substrate side.

As shown in FIG. 14(a), on the TFT substrate side, the
pixel electrode 12 which is the same as the pixel electrode 12
of the type 5 and type 6 liquid crystal display devices, i.e., the
pixel electrode 12 that has the two sub-pixel electrodes 123
each of which has a fishbone structure, is provided.

As shown in FIG. 14(b), on the counter substrate side, two
counter electrodes 22 which are electrically independent of
each other are provided in each pixel P. The counter elec-
trodes 22 are separated from each other by a slit 22e¢ which has
a width of 6 pm to 10 pm. On the counter electrode 22, the
protrusions 25 such as those provided in the type 1 to type 4
liquid crystal display devices are not provided.

In the type 5 to type 8 liquid crystal display devices, in the
presence of an applied voltage across the liquid crystal layer,
the fishbone structure of the pixel electrode 12 enhances the
liquid crystal molecules 3a to orient in the azimuth of 45°, the
azimuth of 135°, the azimuth 0f225°, and the azimuth of 315°
as shown in FIG. 13(a) and FIG. 14(a). In the type 7 and type
8 liquid crystal display devices, the two counter electrodes 22
that are electrically independent of each other are provided in
each pixel P. Thus, the multi-pixel driving can be realized by
supplying different potentials to respective ones of the two
counter electrodes 22.

TFT substrates and counter substrates which have the elec-
trode structures shown in FIG. 11 to FIG. 14 were provided,
and vertical alignment films were formed on the surfaces of
respective substrates. Thereafter, a liquid crystal material of
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negative dielectric anisotropy was injected between the sub-
strates, whereby a liquid crystal panel which includes a ver-
tical alignment liquid crystal layer was prepared for each of
type 1 to type 8. The liquid crystal material used had the
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molecules 3a are oriented in azimuths which form an angle of
45° with respect to the polarization direction of the incident
light, the birefringence is the highest, and the transmittance is
the largest.

refractive index anisotrgpy Anof0.1 ar}dthe dielectric anisot- 5 On the other hand, in the type 2 liquid crystal display
ropy A€ of -4.1. The thickness of the liquid crystal layer (cell device, as shown in FIG. 15(b), the entire portion of the region
ga}])E)e;c% Z‘atshz.ﬁ (;ﬁld crystal panels was provided with align over the pixel electrode 14 (although excluding portions over-
- ° . lapping the protrusions 25) is uniformly bright. This is
ggg;;usstggirggc l?l};/ers Svlzlgc?ovz)egi:) I&%ﬁii’éﬁ?piiigﬁ?: o because circularly-polariz.ed ].ight is incident. on the liquid
meriza‘.ble monome; Was. added t.o the liquid crystal material crystal layet so tha.t the blrefnngence of liquid erystal mol-
and after fabrication of a liquid crystal panel, ultraviolet irra- e;ules 3at fOF th::hmmdent light would not depend on the
diation was performed with an applied voltage across the a 1inmen aflmu T. ble 2. the tvpe 1 Tiquid 1 disol
liquid crystal layer, whereby alignment sustaining layers 4 S seirlll.br_on(li 1"11 ¢ 2, the type £ lsqglo y ey ls tal displa y
(polymer layers) were formed over the surfaces of the vertical 15 ¢€V'¢¢ €Xt fted the transmittance of >.5% (r? ative ratio:
alignment films. With the alignment sustaining layers, the 0.41), Whﬂ_e the type 2 liquid cry s.tal dlsl?lay device eXh.l bited
pretilt angle of the liquid crystal molecules 3a was defined to the transmittance of 14.5% (relative ratio: 1.00). That is, the
be 87 to 88° (2° to 3° with respect to the direction normal to transmittance which is achieved by the utilization of circu-
the display surface) larly-polarized light is 2.45 times the transmittance which is
Note that, herein, the liquid crystal panels were prepared 20 acIIne\;:d wher31 lll.ne'c}aly-polalrlé.e d lhghé 1s.ut1112e1d :
for the purpose of evaluating the relationship between the _ n the type 5 liquid crystal display device, only some por-
transmission characteristic and the y characteristic, and TFTs tions of the reglonover the pixel ele.:ctrode 14are bright while
and wires were not actually formed on the TFT substrate. The the other pﬁm?n 1shdark aslsll} Ow.I(ll n FIGI' ;5(01) foé the sagle
pixel electrodes 14 or pixel electrodes 12 were electrically r}e;asorll asﬁ a:i or the type 4 ll,qm, dcrystal d{Splay dev%ce. hn
coupled with each other via an insulating film by a transparent 25 ¢ e.ot her hand, in the t}p? 1qu cryst.a Isplay device, the
wire which is formed in an underlying layer and which is entire portion 'of the region over th'e pixel electro'de 14 (a'l-
made of a transparent conductive material (ITO or IZO). The thqugh exclud 1ng portions qverlappmg the protrusions 25) is
pixel electrode 14 or pixel electrode 12 and the transparent umi}":)rrr%ly bﬁlght as 25}11F’W9dm FIG'I 115(011) foath@ Same reason
wire are coupled at a contact hole which was formed in a asztAat or tfe typTe bl 1%u1. m}'lysta lgplgy .dewce. 1 disol
region corresponding to the center of a certain one of the unit 30 \s seen Irom lable 2, in the I?)lpe 1quid crystal display
solid portions 14a or a certain one of the sub-pixel electrodes flevlllce, the ‘Zeipsn.l(littance vlv?is > 13 Aérel.atlvehr ato: 0'37)’ and
128. The counter substrate was not provided with a color filter in the type 4 liquid crystal display device, the transmittance
(CF) or a black matrix (BM) was 12.7% (relative ratio: 0.88). That is, the transmittance
The liquid crystal panels fér the type 1, type 3, type 5, and which is achieved by the utilization of circularly-polarized
type 7 liquid crystal display devices were provided with the 35 ilght 115 2 '4? tlmes Ihehtr.ansn.lll.ttagce which is achieved when
linear polarization plates 41a and 415 and the dual-axis phase inearly-polarized light 1s utiized. . . .
plates 42a and 425 shown in FIG. 7(a), which were attached Th? type 4 liquid crystal dlsplgy d.e vice utlllges mrcula{ly-
to the panels in the optical axis arrangement shown in FIG. polarized light as dogs the type 2 liquid crysta}l display d§V1ce.
8(a). The liquid crystal panels for the type 2, type 4, type 6, Hov.vev‘.er, thetrapsmlttance ofthg type 4liquid erystal d1§ple}y
and type 8 liquid crystal display devices were provided with 40 device 18 0.88 times the {ransmittance of the.ty.pe 2 l%q}nd
the circular polarization plates 40a and 406 shown in FIG. oy stal display d.e vice. T.h 15 15 becagse the multi-pixel dm:lng
7(b), which were attached to the panels in the optical axis 18 pgrforn}ed Wlﬂ.l a bright sub-pixel a'nd.a dark SUb.' pixel
arrangement shown in FIG. 8(5). In this way, the type 1 and provided in the pixel P. In the type 4 liquid crystal display
type 8 liquid crystal display devices were obEaine d device, there is a potential difference of 1 V between the two
FIGS. 15(a) to 15(d) illustrate the transmission character- 45 counter Ielle;t.t rofigs 2% mn i[hle pixelP. Al‘ \foltage Of?\;lls applied
istic of one pixel P in the type 1 to type 4 liquid crystal display across the liquid crystal layer overlylng one of the counter
devices. Table 2 shows the transmittance which was achieved elegtrodes 22 (the 11qu}d oy s.tal layer ofthe.brlght sub-pixel),
in the presence of an applied voltage of 5 V across the liquid while a voltage of 4 Vis applied across the hquld.cry.stal layer
crystal layer in the type 1 to type 4 liquid crystal display overlying the other counter electrode 22 (the liquid crystal
devices. Table 2 also shows the relative ratio with respect to 50 layer of the dark sub-pl).(el). -
fhe transmittance of the type 2 liquid crystal display device FIGS. 16(a) to 16(d) illustrate the transmission character-
which is assumed as 1 istic of one pixel P in the type 5 to type 8 liquid crystal display
’ devices. Table 3 shows the transmittance which was achieved
TABLE 2 in the presence of an applied voltage of 5V across the liquid
5 crystal layer in the type 5 to type 8 liquid crystal display
Type devices. Table 3 also shows the relative ratio with respect to
the transmittance of the type 6 liquid crystal display device
! 2 3 4 which is assumed as 1.
Transmittance 5.9% 14.5% 5.3% 12.7%
Relative Ratio 0.41 1.00 0.37 0.88 60 TABLE 3
T
In the type 1 liquid crystal display device, as shown in FIG. -
15(a), only some portions of the region over the pixel elec- 5 6 7 8
trode 14 are bright while the other portion is dark. This is Transmittance 0 8% 14.4% 8 4% 2.7%
because linearly-polarized light is incident on the liquid crys- 65 Relative Ratio 068 100 0.58 0.88

tal layer in which the liquid crystal molecules 34 are oriented
in all the azimuths so that, in portions where the liquid crystal
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The type 5 and type 7 liquid crystal display devices utilize
linearly-polarized light but can perform brighter display than
the type 1 and type 3 liquid crystal display devices as seen
from FIGS. 16(a) and 16(c). This is because the liquid crystal
molecules 3a are not oriented in all the azimuths but in spe-
cific azimuths (the azimuth of 45°, the azimuth of 135°, the
azimuth of 225°, and the azimuth of 315°). However, as seen
from FIGS. 16(a) and 16(c), regions extending over the slits
12¢ are darker than regions extending over the branch por-
tions 125. This is because the voltage which is applied across
the liquid crystal overlying the slits 12¢ in which the conduc-
tive film is not present is lower than the voltage which is
applied across the liquid crystal overlying the branch portions
12b4. Further, there is a probability that a deviation occurs in
the alignment azimuth of the liquid crystal molecules 3a
overlying the slits 12¢, and this may be one of the reasons that
the region overlying the slits 12¢ is dark.

The type 6 and type 8 liquid crystal display devices utilize
circularly-polarized light and therefore can perform bright
display as seen from FIGS. 16(b) and 16(d). Also, as seen
from FIGS. 16(b) and 16(d), regions overlying the slits 12¢
are darker than regions overlying the branch portions 125.
The degree of the darkness is smaller than in the type 5 and
type 7 liquid crystal display devices (see FIGS. 16(a) and
16(c)). This is because circularly-polarized light is utilized,
and therefore, the transmittance would not decrease even
when a deviation occurs in the alignment azimuth of the
liquid crystal molecules 3a overlying the slits 12¢.

As seen from Table 3, the type 5 liquid crystal display
device exhibited the transmittance of 9.8% (relative ratio:
0.68), while the type 6 liquid crystal display device exhibited
the transmittance of 14.4% (relative ratio: 1.00). That is, the
transmittance which is achieved by the utilization of circu-
larly-polarized light is 1.47 times the transmittance which is
achieved when linearly-polarized light is utilized.

As seen from Table 3, the type 7 liquid crystal display
device exhibited the transmittance of 8.4% (relative ratio:
0.58), while the type 8 liquid crystal display device exhibited
the transmittance of 12.7% (relative ratio: 0.88). That is, the
transmittance which is achieved by the utilization of circu-
larly-polarized light is 1.51 times the transmittance which is
achieved when linearly-polarized light is utilized.

The type 8 liquid crystal display device utilizes circularly-
polarized light as does the type 6 liquid crystal display device.
However, the transmittance of the type 8 liquid crystal display
device is 0.88 times the transmittance of the type 6 liquid
crystal display device. This is because the multi-pixel driving
is performed with a bright sub-pixel and a dark sub-pixel
provided in the pixel P. In the type 8 liquid crystal display
device, there is a potential difference of 1 V between the two
counter electrodes 22 in the pixel P. A voltage of 5V is applied
across the liquid crystal layer overlying one of the counter
electrodes 22 (the liquid crystal layer of the bright sub-pixel),
whilea voltage of 4 V is applied across the liquid crystal layer
overlying the other counter electrode 22 (the liquid crystal
layer of the dark sub-pixel).

Comparing the type 4 liquid crystal display device and the
type 8 liquid crystal display device, it is appreciated that,
when circularly-polarized light is utilized, there is substan-
tially no difference in transmittance between the radial incli-
nation alignment of the CPA mode and the four-domain align-
ment which is realized by the fishbone structure. This is
because the transmittance loss which is attributed to the pro-
trusions (rivets) 25 that are provided for stabilization of the
alignment in the CPA mode is generally equal to the trans-
mittance loss which is attributed to the fine slits 12¢ of the
fishbone structure.
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FIGS. 17(a) and 17(b) show the y characteristic which is
achieved when observed from the front direction (a direction
normal to the display surface; the polar angle a=0°) and the y
characteristic which is achieved when observed from an
oblique 60° direction (a direction which is defined by inclin-
ing the viewing angle from the front direction toward the right
side, i.e., in the azimuth of 0°, such that the polar angle
a=60°) for the type 1 to type 4 liquid crystal display devices
that perform display in the CPA mode. FIG. 17(a) is a graph
which shows the y characteristics (grayscale-transmission
intensity characteristics) of the type 1 and type 3 liquid crystal
display devices that utilize linearly-polarized light. FIG.
17(b) is a graph which shows the y characteristics of the type
2 and type 4 liquid crystal display devices that utilize circu-
larly-polarized light.

Itis appreciated from FIG. 17(a) that, in the type 1 and type
3 liquid crystal display devices, at middle grayscale levels, the
transmission intensity for the oblique 60° direction is higher
than the transmission intensity for the front direction. How-
ever, in the type 3 liquid crystal display device that performs
the multi-pixel driving, the difference between the transmis-
sion intensity for the front direction and the transmission
intensity for the oblique 60° direction is small, and the y shift
is reduced, as compared with the type 1 liquid crystal display
device that does not perform the multi-pixel driving.

Itis appreciated from FIG. 17(5) that, in the type 2 and type
41liquid crystal display devices, at middle grayscale levels, the
transmission intensity for the oblique 60° direction is higher
than the transmission intensity for the front direction. How-
ever, in the type 4 liquid crystal display device that performs
the multi-pixel driving, the difference between the transmis-
sion intensity for the front direction and the transmission
intensity for the oblique 60° direction is small, and the y shift
is reduced, as compared with the type 2 liquid crystal display
device that does not perform the multi-pixel driving.

It is also appreciated from the comparison of FIG. 17(a)
and FIG. 17(b) that the y shift is greater in the type 2 and type
4 liquid crystal display devices that utilize circularly-polar-
ized light than in the type 1 and type 3 liquid crystal display
devices that utilize linearly-polarized light. This is for the
reasons described below.

The circular polarization plates 40a and 405 are designed
so as to give aphase difference of A/4 to light which is incident
from the front direction. Therefore, the circular polarization
plates 40a and 405 give a phase difference which is deviated
from /4 to light which is incident from an oblique direction
because of a longer optical path length. As a result, light
which is incident on the liquid crystal panel from an oblique
direction is not circularly-polarized light but elliptically-po-
larized light when it is incident on the liquid crystal layer. This
elliptically-polarized light contains the 45° linear polariza-
tion component as previously described with reference to
FIG. 10(5).

The birefringence of the liquid crystal molecules 3a is the
highest when the liquid crystal molecules 3a are oriented in
an azimuth which forms an angle of 45° with respect to the
polarization direction of the incident light. Therefore, for the
45° linear polarization component of the elliptically-polar-
ized light, liquid crystal molecules 3a which are oriented in
the azimuth of 0°, the azimuth of 90°, the azimuth of 180°,
and the azimuth of 270° exhibit the highest birefringence.
Thus, in the radial inclination alignment that includes many
liquid crystal molecules 3a which are oriented in the azimuth
of 0°, the azimuth of 90°, the azimuth of 180°, and the azi-
muth of 270°, when circularly-polarized light is utilized, the
difference between the phase difference that the liquid crystal
layer gives light which is incident from the front direction and
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the phase difference that the liquid crystal layer gives light
whichisincident from an oblique directionis large, so that the
v shift is large.

For the above-described reasons, in the CPA-mode liquid
crystal display devices, the vy shift is large when circularly-
polarized light is utilized. Therefore, even when the multi-
pixel driving is performed as in the type 4 liquid crystal
display device, the v shift is larger than in the case where
linearly-polarized light is utilized and the multi-pixel driving
is performed (i.e., the type 3 liquid crystal display device).

FIGS. 18() and 18(d) show the y characteristic which is
achieved when observed from the front direction and the y
characteristic which is achieved when observed from an
oblique 60° direction for the type 5 to type 8 liquid crystal
display devices that include the fishbone structure pixel elec-
trode 12. FIG. 18(a) is a graph which shows the y character-
istics (grayscale-transmission intensity characteristics) of the
type 5 and type 7 liquid crystal display devices that utilize
linearly-polarized light. FIG. 18(5) is a graph which shows
the y characteristics of the type 6 and type 8 liquid crystal
display devices that utilize circularly-polarized light.

Itis appreciated from FIG. 18(a) that, in the type 5 and type
7liquid crystal display devices, at middle grayscale levels, the
transmission intensity for the oblique 60° direction is higher
than the transmission intensity for the front direction. How-
ever, in the type 7 liquid crystal display device that performs
the multi-pixel driving, the difference between the transmis-
sion intensity for the front direction and the transmission
intensity for the oblique 60° direction is small, and the y shift
is reduced, as compared with the type 5 liquid crystal display
device that does not perform the multi-pixel driving.

It is appreciated from FIG. 18(5) that, in the type and type
8liquid crystal display devices, at middle grayscale levels, the
transmission intensity for the oblique 60° direction is higher
than the transmission intensity for the front direction. How-
ever, in the type 8 liquid crystal display device that performs
the multi-pixel driving, the difference between the transmis-
sion intensity for the front direction and the transmission
intensity for the oblique 60° direction is small, and the y shift
is reduced, as compared with the type 6 liquid crystal display
device that does not perform the multi-pixel driving.

It is also appreciated from the comparison of FIG. 17(b)
and FIG. 18(5) that, although the type 4 liquid crystal display
device and the type 8 liquid crystal display device are com-
mon with each other in that circularly-polarized light is uti-
lized and the multi-pixel driving is performed, the v shift is
smaller in the type 8 liquid crystal display device that includes
the fishbone structure pixel electrode 12 than in the type 4
liquid crystal display device that performs display in the CPA
mode.

It is appreciated from the comparison of FIG. 18(a) with
FIGS. 17(¢) and 17(b) and F1G. 18(5) that the y shift of the
type 7 liquid crystal display device is the smallest, and just
from the viewpoint of reducing the y shift, the type 7 liquid
crystal display device is the most preferred. However, in the
type 7 liquid crystal display device, the decrease of the trans-
mittance is large (see Table 2 and Table 3). Specifically, the
transmittance of the type 7 liquid crystal display device is
0.58 times the transmittance of the type 2 liquid crystal dis-
play device that exhibits the highest transmittance. This
means that the transmittance decreases by 42%. On the other
hand, in the type 8 liquid crystal display device, the decrease
of the transmittance is small. Specifically, the transmittance
of the type 8 liquid crystal display device is 0.88 times the
transmittance of the type 2 liquid crystal display device. This
means that the decrease of the transmittance is only 12%.
Also, in the type 8 liquid crystal display device, the v shift
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does not have a projecting portion at middle grayscale levels
although the y shift is somewhat larger than that of the type 7
liquid crystal display device. Thus, they shift is at such a level
that it does not matter in practical use.

As described above, the type 8 liquid crystal display
device, i.e., theliquid crystal display device 100 of the present
embodiment, is excellent in terms of both reduction of the v
shift and prevention of the decrease of the transmittance. This
is the effect which is achieved by using “the configuration
whichutilizes circularly-polarized light”, “the pixel electrode
which has the fishbone structure”, and “the counter division
driving” in combination in the liquid crystal display device
100 of the present embodiment.

Note that the above combination includes a combination of
“the configuration which utilizes circularly-polarized light”
and “the pixel electrode which has the fishbone structure”,
which is quite uncommon in the conventional techniques. The
pixel electrode which has the fishbone structure is provided
for the purpose of orienting the liquid crystal molecules in
particular azimuths, specifically in azimuths which are par-
allel to the slits (parallel to the branch portions) and is there-
fore commonly used in combination with the configuration
which utilizes linearly-polarized light. The configuration
which utilizes circularly-polarized light is provided for the
purpose of improving the transmittance and is therefore com-
monly used in combination with a pixel electrode which does
not have a slit in an alighment region except for a slit that is
provided for dividing a pixel into a plurality of sub-pixels
(e.g., the pixel electrode 14 such as shown in FIG. 11(a) or
FIG. 12(a), which is referred to as “undivided electrode™). In
the fishbone structure pixel electrode, only an oblique electric
field affects the slits extending between the branch portions,
so that an electric field loss (decrease of voltage) occurs.
When the aperture ratio is equal, the transmittance decreases
as compared with the undivided electrode.

However, the combination of the configuration which uti-
lizes circularly-polarized light and the undivided electrode is
excellent in terms of transmittance but cannot sufficiently
reduce the v shift even when the counter division driving
technique is employed (the above-described type 4 liquid
crystal display device). Also, the combination of the configu-
ration which utilizes linearly-polarized light and the fishbone
structure pixel electrode can sufficiently reduce the y shift by
the use of the counter division driving technique but lowers
the transmittance due to the electric field loss, resulting in
somewhat dark display (the above-described type 7 liquid
crystal display device). Thus, to realize both reduction of the
v shift and prevention of the decrease of the transmittance, the
combination of “the configuration which utilizes circularly-
polarized light”, “the pixel electrode which has the fishbone
structure”, and “the counter division driving” is the best com-
bination. If any of these elements is absent, the display char-
acteristics will deteriorate. The fishbone structure pixel elec-
trode and the counter division driving technique enable
sufficient reduction of the y shift, and the decrease of the
transmittance which is caused by the electric field loss that is
attributed to the fishbone structure can be compensated for by
the utilization of circularly-polarized light. Also, the counter
division driving technique compensates for the increase of the
v shift which is caused by the utilization of circularly-polar-
ized light. Thus, “the configuration which utilizes circularly-
polarized light”, “the pixel electrode which has the fishbone
structure”, and “the counter division driving” perform the
roles which are complementary to one another, thereby
achieving the effects of the invention of the present applica-
tion.
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In the present embodiment, the present invention has been
described with an example where one pixel P includes two
sub-pixels SP, although the present invention is not limited to
this example. One pixel P may include three or more sub-
pixels SP. FIGS. 19(a) and 19(5) show the electrode struc-
tures in a pixel P which includes three sub-pixels SP. FIG.
19(a) is a plan view showing the electrode structure on the
TFT substrate side. FIG. 19(5) is a plan view showing the
electrode structure on the counter substrate side.

When the pixel P includes three sub-pixels SP, a pixel
electrode 12 which includes three sub-pixel electrodes 128 is
provided on the TFT substrate side as shown in FIG. 19(a).
Each of the three sub-pixel electrodes 128 includes a cruci-
form trunk portion 12a, a plurality of branch portions 125
extending from the trunk portion 12« in the directions of
about 45°, and a plurality of slits 12¢ provided between the
plurality of branch portions 125. That is, each of the sub-pixel
electrodes 128 has a fishbone structure. On the other hand, on
the counter substrate side, three counter electrodes which are
electrically independent of each other are provided in each
pixel P as shown in FIG. 19(5).

The configuration in which one pixel P includes three or
more sub-pixels SP also enables sufficient reduction of the y
shift and prevention of the decrease of the transmittance as in
the case where one pixel P includes two sub-pixels SP. Thus,
display in which the viewing angle dependence of the y char-
acteristic is small and which is bright can be realized.

INDUSTRIAL APPLICABILITY

The present invention is suitably used in a liquid crystal
display device which includes a vertical alignment liquid
crystal layer. A liquid crystal display device of the present
invention is suitably used as a display section of various
electronic devices, including mobile phones, PDAs, note-
book PCs, monitors, and television receivers.

REFERENCE SIGNS LIST

1 active matrix substrate (TFT substrate)

2 counter substrate (color filter substrate)

3 liquid crystal layer 3a liquid crystal molecules
11, 21 transparent substrate

12 pixel electrode

12S sub-pixel electrode

12a trunk portion

12a1 horizontal linear portion of trunk portion
1242 vertical linear portion of trunk portion
124 branch portion

1241 first group branch portion

1242 second group branch portion

1243 third group branch portion

1244 fourth group branch portion

12¢ slit

12d connecting portion

12eslit

22 counter electrode

22e slit

32a, 324 vertical alignment film

34a, 34b alignment sustaining layer

40a, 404 circular polarization plate

4041, 4051 linear polarizer

4042, 4052 Vs-wave plate

50 thin film transistor (TFT)

51 scan line

52 signal line

100 liquid crystal display device
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P pixel
SP sub-pixel

The invention claimed is:

1. A liquid crystal display device having a plurality of
pixels which are in a matrix arrangement, comprising:

a first substrate which includes a pixel electrode which is

provided in each of the plurality of pixels;

a second substrate which opposes the first substrate; and
a vertical alignment liquid crystal layer which is provided
between the first substrate and the second substrate,
wherein light that is incident on the liquid crystal layer is
circularly-polarized light, and the liquid crystal layer
modulates the circularly-polarized light, thereby realiz-

ing display,
the pixel electrode includes at least one cruciform trunk
portion, a plurality of branch portions extending from
the at least one cruciform trunk portion in a direction of
about 45°, and a plurality of slits provided between the
plurality of branch portions, and
the second substrate includes a plurality of counter elec-
trodes which are electrically independent of each other
in each of the plurality of pixels, so that in each pixel the
second substrate comprises a plurality of counter elec-
trodes corresponding to the pixel electrode in the corre-
sponding pixel;
wherein
when a voltage is applied across the liquid crystal layer,
four types of liquid crystal domains are formed in the
liquid crystal layer in each of the plurality of pixels,

azimuths of four directors that are representative of orien-
tations of liquid crystal molecules that are included in
respective ones of the four types of liquid crystal
domains are different from one another,

each of the azimuths of the four directors is generally

parallel to any of the plurality of branch portions,

the at least one cruciform trunk portion includes a plurality

of cruciform trunk portions,

the pixel electrode includes a plurality of sub-pixel elec-

trodes each of which includes any one of the plurality of
cruciform trunk portions,

when a voltage is applied across the liquid crystal layer, the

four types of liquid crystal domains are formed in each
of a plurality of sub-pixels which are defined by the
plurality of sub-pixel electrodes,

the plurality of sub-pixel electrodes are provided so as to

correspond to the plurality of counter electrodes on a
one-to-one basis, and

a boundary of adjacent sub-pixel electrodes overlaps a

boundary of adjacent counter electrodes.

2. The liquid crystal display device of claim 1 wherein,
when at least part of middle grayscale levels are displayed, the
plurality of counter electrodes are supplied with different
potentials.

3. The liquid crystal display device of claim 2, wherein

the four types of liquid crystal domains include a first liquid

crystal domain in which the azimuth of the director is a
first azimuth, a second liquid crystal domain in which
the azimuth of the director is a second azimuth, a third
liquid crystal domain in which the azimuth of the direc-
tor is a third azimuth, and a fourth liquid crystal domain
in which the azimuth of the director is a fourth azimuth,
and a difference between any two of the first azimuth, the
second azimuth, the third azimuth, and the fourth azi-
muth is generally equal to an integral multiple of 90°,
and
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azimuths of directors of liquid crystal domains which are
adjacent to each other via the trunk portion are different
by about 90°.

4. The liquid crystal display device of claim 1, further

comprising:

a pair of vertical alignment films which are provided
between the pixel electrode and the liquid crystal layer
and between the plurality of counter electrodes and the
liquid crystal layer; and

apair ofalignment sustaining layers which are provided on
surfaces of the pair of vertical alignment films which are
closer to the liquid crystal layer and which are made of a
photopolymerized material.

5. The liquid crystal display device of claim 1, further

comprising a pair of circular polarization plates which oppose
each other via the liquid crystal layer.
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