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A liquid crystal display device (10) of the present invention
comprises a liquid crystal panel in which a plurality of pixel
electrodes (2) are arranged, wherein: shapes of the pixel elec-
trodes (2) are asymmetric, and the pixel electrodes (2) are
categorized into plural types whose shapes are different from
each other (that is, pixel electrodes A and pixel electrodes B).
The liquid crystal panel is configured so that the pixel elec-
trodes of the plural types (that is, pixel electrodes A and pixel
electrodes B) are arranged in a regular manner, and the pixel
electrodes of the plural types are populated with equal ratios.
Thus, in the liquid crystal display device comprising pixel
electrodes having a horizontally asymmetric shape viewed
from an observer of the liquid crystal panel, a manner in
which pixel electrodes of respective types are arranged is
changed, thereby improving display quality.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device including pixel electrodes of plural types differ-
ent in shape. More specifically, the present invention relates to
a vertically aligned mode liquid crystal display device in
which a liquid crystal panel includes pixel electrodes of plural
types, wherein each pixel electrode includes at least two sub
pixel electrodes and positions of connection sections for con-
necting the sub pixel electrodes are different from each other
so that the pixel electrodes of the plural types are different in
shape and liquid crystal molecules are inclined axis-sym-
metrically with respect to a predetermined alignment central
axis vertical to a face of each sub pixel electrode by voltage
application.

BACKGROUND ART

[0002] Conventionally, a TN (Twisted Nematic) mode lig-
uid crystal display device has been widely used as a liquid
crystal display device. In a liquid crystal layer of the TN mode
liquid crystal display device, rubbing directions of two align-
ment films, i.e., upper and lower alignment films are varied so
that each liquid crystal molecule twists (twist alignment)
without application of any voltage. In the TN mode liquid
crystal display device, display quality greatly depends on a
viewing angle.

[0003] There is proposed a VA (Vertically Aligned) mode
using (a) a liquid crystal material having a negative dielectric
anisotropy and (b) a vertical alignment film. In the vertically
aligned mode, black display is carried out without application
of any voltage. A birefringence caused by a liquid crystal
layer vertically aligned without application of any voltage is
virtually compensated by using a retardation film having a
negative refractive index anisotropy, so that it is possible to
realize favorable black display at a wide viewing angle. Thus,
it is possible to realize such display that contrast is high at a
wide viewing angle.

[0004] An example of the vertically aligned (VA) mode
liquid crystal display device is a technique disclosed by
Patent Literature 1.

[0005] Intheliquid crystal display device 100, as illustrated
in FIG. 18(a), a pixel electrode 101 includes sub pixel elec-
trodes 101a. As illustrated in FIG. 18(5), a counter electrode
102 opposite to the pixel electrode 101 includes a convex rivet
section 103 positioned in a center of each sub pixel electrode
101a.

[0006] Dueto this configuration, an electric field vertical to
a face of each electrode which occurs between each sub pixel
electrode 101a and the counter electrode 102 can be inclined.
Thus, in the vertically aligned mode, liquid crystal molecules
are inclined axis-symmetrically by voltage application, so
that dependency on a viewing angle is more uniformed than in
a case where the liquid crystal molecules are inclined only in
one direction. As a result, it is possible to realize very favor-
able viewing property in all directions.

[0007] Incidentally, in the conventional liquid crystal dis-
play device, as illustrated in FIG. 18(a), a central position of
a bridge 104 serving as a connection electrode for connecting
the plural sub pixel electrodes 101a is identical to a central
position of each sub pixel electrode 101a and to a central
position of the rivet section 103 so that a shape thereof is
symmetrical.
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[0008] However, in this arrangement, an electric field effect
of the bridge 104 and an alignment regulating force of the
rivet 103 are symmetric, and the bridge 104 has a certain
width, so that the alignment central axis of liquid crystal
molecules which is formed therein deviates to either a left
side or a right side. Conventional design fails to control a
direction in which the alignment central axis deviates, so that
this causes lower display quality such as roughness, burning,
afterimage, and the like.

[0009] In order to solve the foregoing problem, Patent Lit-
erature 2 discloses a liquid crystal display device in which sub
pixel electrodes constituting a pixel electrode are connected
to each other by connection electrodes and the connection
electrodes (bridges) are provided in an asymmetric manner
with respect to the sub pixel electrodes. In this manner, posi-
tions of the bridges are different from each other, so that an
alignment singular point deviates from a center line of the sub
pixel electrodes. Thus, it is possible to prevent display quality
deterioration such as unevenness, roughness, and afterimage,
which are caused by disorder of alignment of liquid crystal
molecules based on the bridges connecting the sub pixel
electrodes.

[0010] Further, Patent Literature 3 discloses a liquid crystal
display device in which each of the bridges (connection sec-
tions) deviates from a center of the electrode section to either
the left side or the right side in a width direction of the
electrode section.

Citation List

[0011] Patent Literature 1

[0012] Japanese Patent Application Publication, Tokukai,
No. 2005-215352 A (Publication Date: Aug. 11, 2005)
[0013] Patent Literature 2

[0014] International Publication, 2007/039967 Al (Publi-
cation Date: Apr. 12, 2007)

[0015] Patent Literature 3

[0016] Japanese Patent Application Publication, Tokukai,
No. 2006-184507 A (Publication Date: Jul. 13, 2006)

SUMMARY OF INVENTION

[0017] However, as described above, if the connection elec-
trodes of all the pixels deviate in the same direction with
respect to the sub pixel electrodes in the arrangement in which
the connection electrodes are provided in an asymmetric
manner with respect to the sub pixel electrodes, liquid crystal
molecules in the vicinity of each connection electrode are
inclined in only one direction (left direction or right direc-
tion). In this manner, liquid crystal molecules in the vicinity
of each connection electrode are aligned in an uneven man-
ner, so that an image displayed in a liquid crystal panel includ-
ing pixel electrodes is differently viewed depending on a
viewing angle. Specifically, in case of observing the display
device from the left side and from the right side, an image
displayed therein is differently viewed.

[0018] The present invention was made in view of the fore-
going problem, and an object of the present invention is to
improve display quality by changing a manner in which pixel
electrodes of respective types are disposed in a liquid crystal
display device including pixel electrodes which are asymmet-
ric in left and right directions in a liquid crystal panel viewed
by an observer.

[0019] Inordertosolve the problem, aliquid crystal display
device according to the present invention comprises a liquid



US 2010/0195027 Al

crystal panel in which a plurality of pixel electrodes are
arranged, wherein: shapes of the pixel electrodes are asym-
metric, and the pixel electrodes are categorized into plural
types different in shape, and the liquid crystal panel is con-
figured so that the pixel electrodes of the plural types are
alternated in a regular manner, and the pixel electrodes of the
plural types are populated with equal ratios.

[0020] In case of using only pixel electrodes of one type
which have asymmetric shapes in the liquid crystal display
device, liquid crystal molecules of the respective pixel elec-
trodes are aligned only in a left direction or only in a right
direction, so that a displayed image is differently viewed
when the liquid crystal display device is observed from both
left and right directions.

[0021] As described above, in the present invention, pixel
electrodes having asymmetric shapes are constituted of pixel
electrodes of plural types whose shapes are different from
each other. According to this configuration, alignment states
of liquid crystal molecules of the respective pixel electrodes
can be made different from each other. Here, the wording
“asymmetric shapes” means that shapes of the pixel elec-
trodes are asymmetric at least in any one direction out of a
horizontal direction, a vertical direction, and an oblique
direction when the liquid crystal panel is viewed by an
observer.

[0022] Further, according to the foregoing configuration,
the pixel electrodes of different types are arranged in a regular
manner, and the pixel electrodes of respective types are popu-
lated with equal ratios, so that it is possible to suppress liquid
crystal molecules of the pixel electrodes from being aligned
only in one direction. Thus, in case where the display device
is observed from left and right directions, it is possible to
suppress a displayed image from being so differently viewed.
As a result, in the liquid crystal display device comprising
pixel electrodes of plural types whose shapes are different
from each other, it is possible to improve display quality. Note
that, the wording “populated with equal ratios” means that a
ratio of pixel electrodes of one type is equal to a ratio of pixel
electrodes of other type in terms of a numerical quantity in
case where a specific area in the display region is viewed.
[0023] Here, the phrase “the pixel electrodes of the plural
types are arranged in a regular manner” means that: for
example, in the liquid crystal display device in which pixel
electrodes are arranged in a lattice manner, pixel electrodes
are arranged so that shapes of pixel electrodes in one line are
different from shapes of pixel electrodes in other line, or pixel
electrodes having shapes different from each other are
arranged in a checkered manner, that is, pixel electrodes of
respective types are regularly arranged.

[0024] Itis preferable to configure the liquid crystal display
device of the present invention so that: each of the pixel
electrodes includes a combination of at least two sub pixel
electrodes, and a connection section for connecting the sub
pixels, the connecting section having a width narrower than a
width of each of the sub pixels, and the difference in shape of
the pixel electrodes of the plural types is attributed to differ-
ence as to where the connection section is.

[0025] According to the foregoing configuration, a single
pixel electrode is divided into two or more sub pixel elec-
trodes, so that it is possible to enhance a response speed. The
pixel electrodes are different from each other only in terms of
a position of the connection section so that shapes of the pixel
electrodes are different from each other. This allows the
shapes of the pixel electrodes to be basically identical to each
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other, so that it is possible to prevent a step of forming pixel
electrodes from being complicated. Further, in case where the
liquid crystal panel is viewed from its front direction, it is
possible to realize display quality almost equal to display
quality observed in case where all the shapes of the pixel
electrodes are identical to each other.

[0026] Itis preferableto configure the liquid crystal display
device of the present invention so that: the liquid crystal panel
is based on a vertically aligned mode, and the connection
section is positioned so as to deviate from an axis connecting
centers of the sub pixel electrodes.

[0027] According to the foregoing configuration, in the
vertically aligned mode liquid crystal panel, it is possible to
stabilize the alignment center of liquid crystal molecules.
[0028] TItis preferable to configure the liquid crystal display
device of the present invention so that: the pixel electrodes are
categorized into two types in terms of their shapes, and the
pixel electrodes of the two types respectively include connec-
tion sections which are symmetrically located with respect to
an axis connecting centers of sub pixel electrodes.

[0029] According to the foregoing configuration, align-
ment states of liquid crystal molecules can be made equal to
each other in both directions extending from an axis connect-
ing centers of the sub pixel electrodes.

[0030] Thus, if the pixel electrodes are arranged so that the
axis connecting the centers of the sub pixel electrodes is in a
vertical direction (up-and-down direction) viewed by an
observer of the liquid crystal panel, a displayed image can be
more evenly viewed in case where the display device is
observed from left and right directions.

[0031] TItis preferableto configure the liquid crystal display
device of the present invention so as to further comprise color
filters of plural colors, wherein the color filters of plural
colors are provided in association with the pixel electrodes,
respectively and the pixel electrodes of the plural types whose
colors are identical to each other and whose shapes are dif-
ferent from each other are populated with equal ratios.
[0032] According to the foregoing configuration, in case
where each displayed color is viewed from left and right
directions, it is possible to suppress the displayed color from
being differently viewed. Thus, a display property in left and
right directions can be made evener. Note that, examples of
the plural colors include three colors, e.g., red (R), green (G),
and blue (B), or four colors, e.g., red (R), green (G), blue (B),
and white (W).

[0033] In the liquid crystal display device of the present
invention, the pixel electrodes are aligned in rows by being
connected respectively with the gate wirings via the switch-
ing elements, in such a manner that the pixel electrodes in
each row are shifted from pixel electrodes in a row adjacent to
that row by a half pitch (a half of a width of each pixel
electrode) in a direction in which the gate wirings extend.
This configuration is a so-called delta arrangement. The
present invention is applicable to such a pixel electrode
arrangement.

[0034] That is, the liquid crystal display device of the
present invention may be configured so that: the liquid crystal
panel includes (a) gate wirings to which scanning signals are
applied, (b) source wirings to which video signals are applied,
the gate wirings and the source wirings crossing each other,
and (c) switching elements each of which is provided in a
vicinity of a junction of each gate wiring and each source
wiring and each of which is electrically connected to the gate
wiring and the source wiring, and the pixel electrodes are
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aligned in rows by being connected respectively with the gate
wirings via the switching elements, in such a manner that the
pixel electrodes in each row are shifted from pixel electrodes
in a row adjacent to that row by a half of a width of the pixel
electrodes in a direction in which the gate wirings extend.
[0035] According to the foregoing configuration, the
respective pixel electrodes are arranged as a delta arrange-
ment, so that it is possible to display a smooth image.
[0036] Itis preferable to configure the liquid crystal display
device of the present invention so that: the liquid crystal panel
includes (a) gate wirings to which scanning signals are
applied, (b) source wirings to which video signals are applied,
the gate wirings and the source wirings crossing each other,
and (c) switching elements each of which is provided in a
vicinity of a junction of each gate wiring and each source
wiring and each of which is electrically connected to the gate
wiring and the source wiring, and the pixel electrodes are
connected to the gate wirings and the source wirings via the
switching element, respectively, and an arrangement of pixel
electrodes electrically connected to the source wiring or the
gate wiring includes pixel electrodes of different types.
[0037] According to the foregoing configuration, in case
where the liquid crystal display panel is viewed from left and
right directions, it is possible to further suppress a display
state from being differently viewed.

[0038] Itis preferableto configure the liquid crystal display
device of the present invention so that: the pixel electrodes are
categorized into two types in terms of their shapes, and the
pixel electrodes of the two types are alternated in a checkered
manner.

[0039] According to the foregoing configuration, direc-
tions in which liquid crystal molecules of pixel electrodes
adjacent to each other are aligned can be made different from
each other, and the pixels of two types can be populated with
equal ratios. Thus, it is possible to prevent display quality
deterioration such as roughness, burning, afterimage, and the
like, which are caused by disorder of alignment of liquid
crystal molecules when the liquid crystal panel is viewed
from any direction.

[0040] Further, the liquid crystal display device of the
present invention may be configured so that: the liquid crystal
panel includes (a) gate wirings to which scanning signals are
applied, (b) source wirings to which video signals are applied,
the gate wirings and the source wirings crossing each other,
and (c) switching elements each of which is provided in a
vicinity of a junction of each gate wiring and each source
wiring and each of which is electrically connected to the gate
wiring and the source wiring, and the pixel electrodes are
connected to the gate wirings and the source wirings via the
switching element, respectively, and the pixel electrodes are
categorized into two types in terms of their shapes, and the
pixel electrodes of the two types are alternately arranged so
that each pixel electrode of each type is disposed along each
source wiring.

[0041] Further, the liquid crystal display device of the
present invention may be configured so that: the liquid crystal
panel includes (a) gate wirings to which scanning signals are
applied, (b) source wirings to which video signals are applied,
the gate wirings and the source wirings crossing each other,
and (c) switching elements each of which is provided in a
vicinity of a junction of each gate wiring and each source
wiring and each of which is electrically connected to the gate
wiring and the source wiring, and the pixel electrodes are
connected to the gate wirings and the source wirings via the
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switching element, respectively, and the pixel electrodes are
categorized into two types in terms of their shapes, and the
pixel electrodes of the two types are alternately arranged so
that each pixel electrode of each type is disposed along each
gate wiring.

[0042] Additional objects, features, and strengths of the
presentinvention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0043] FIG.1

[0044] FIG. 1 is a plan view illustrating a configuration of
pixel electrodes of a liquid crystal display device according to
Embodiment 1 of the present invention.

[0045] FIG.2

[0046] (a) of FIG. 2 is a plan view illustrating a basic
configuration of a liquid crystal display device according to
the present invention and illustrating pixels provided on a
liquid crystal panel in the device. (b) of FIG. 2 is a cross
sectional view taken along X-X' of (a).

[0047] FIG.3

[0048] FIG. 3 illustrates a shape of one type of a pixel
electrode constituting the liquid crystal display device. The
pixel electrode illustrated in this drawing is such that its
bridge deviates from a center line to a left side.

[0049] FIG.4

[0050] FIG. 4 illustrates a shape of another type of a pixel
electrode which constitutes the liquid crystal display device
and which is different from the pixel electrode of FIG. 4. The
pixel electrode illustrated in this drawing is such that its
bridge deviates from a center line to a right side.

[0051] FIG.5

[0052] FIG. 5 illustrates an example of an arrangement of
pixel electrodes in the liquid crystal display deice of Embodi-
ment 1. In this drawing, pixel electrodes A and pixel elec-
trodes B are alternately arranged in a checkered manner.
[0053] FIG.6

[0054] FIG. 6 illustrates another example of an arrange-
ment of pixel electrodes in the liquid crystal display device of
Embodiment 1. In this drawing, pixel electrodes of respective
colors (R, G, B) are combined as a single set and pixel elec-
trodes A and pixel electrodes B are alternately arranged in a
checkered manner.

[0055] FIG.7

[0056] FIG. 7 illustrates another example of an arrange-
ment of pixel electrodes in the liquid crystal display device of
Embodiment 1. In this drawing, pixel electrodes A and pixel
electrodes B are alternately arranged so that the pixel elec-
trodes A are positioned along a gate wiring as one line and
electrodes B are positioned along a gate wiring as another
[0057] FIG.8

[0058] FIG. 8 illustrates another example of an arrange-
ment of pixel electrodes in the liquid crystal display device of
Embodiment 1. In this drawing, pixel electrodes A and pixel
electrodes B are alternately arranged so that the pixel elec-
trodes A are positioned along a source wiring as one line and
electrodes B are positioned along a source wiring as another
line.

[0059] FIG.9

[0060] FIG. 9 illustrates a comparative example of the lig-
uid crystal display device according to Embodiment 1 and is
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a plan view of the liquid crystal display device configured so
that pixel electrodes whose shapes are identical to each other
are arranged.

[0061] FIG.10

[0062] FIG.10isa plan view illustrating a configuration of
pixel electrodes of a liquid crystal display device according to
Embodiment 2 of the present invention.

[0063] FIG.11

[0064] FIG. 11 isa plan view illustrating a configuration of
pixel electrodes of a liquid crystal display device according to
Embodiment 3 of the present invention.

[0065] FIG.12

[0066] Eachof(a)and (b)of FIG.12 illustrates eachtype of
a pixel electrode constituting the liquid crystal display device.
[0067] FIG.13

[0068] FIG. 13 illustrates an example of an arrangement of
pixel electrodes in the liquid crystal display device of
Embodiment 3. In this drawing, pixel electrodes C and pixel
electrodes D are alternately arranged in a checkered manner.
[0069] FIG.14

[0070] FIG. 14 illustrates a comparative example of the
liquid crystal display device according to Embodiment 3 and
is a plan view of a liquid crystal display device configured so
that pixel electrodes whose shapes are identical to each other
are arranged.

[0071] FIG.15

[0072] FIG. 15 illustrates an example of an arrangement of
pixel electrodes in the liquid crystal display device of
Embodiment 2. In this drawing, pixel electrodes A and pixel
electrodes B are alternately arranged in a checkered manner.
[0073] FIG.16

[0074] FIG. 16 illustrates another example of an arrange-
ment of pixel electrodes in the liquid crystal display device of
Embodiment 2. In this drawing, pixel electrodes of respective
colors (R, G, B) are combined as a single set and pixel elec-
trodes A and pixel electrodes B are alternately arranged in a
checkered manner.

[0075] FIG.17

[0076] FIG. 17 illustrates an example of an arrangement of
pixel electrodes in the liquid crystal display device of
Embodiment and is a schematic illustrating an example of an
arrangement of colors, R, G, B, in a delta arrangement.
[0077] FIG.18

[0078] Each of (a) and (b) of FIG. 18 illustrates a configu-
ration of pixel electrodes in a conventional liquid crystal
display device. (a) is a plan view illustrating a configuration
of pixel electrodes in the conventional liquid crystal display
device. (b) is a cross sectional view taken along W-W of (a).

REFERENCE SIGNS LIST
[0079] 2 Pixel electrode
[0080] 3 Bridge (connection section)
[0081] 2a Sub pixel electrode
[0082] 10 Liquid crystal display device
[0083] 13 Color filter
[0084] 17 Gate wiring
[0085] 18 Source wiring
[0086] 19 TFT element (switching element)
[0087] 30 Liquid crystal display device
[0088] 40 Liquid crystal display device
[0089] A Pixel electrode
[0090] B Pixel electrode
[0091] C Pixel electrode
[0092] D Pixel electrode
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[0093] =z Center line (axis connecting centers of sub pixel
electrodes)
DESCRIPTION OF EMBODIMENTS
Embodiment 1
[0094] One embodiment of the present invention is

described below with reference to FIG. 1 through FIG. 9.
Note that, the present invention is not limited to this.

[0095] The present embodiment describes, as an example
of'the liquid crystal display device of the present invention, a
liquid crystal display device having a plurality of pixel elec-
trodes provided in a lattice manner wherein pixel electrodes
of two types different in shape are arranged in a checkered
manner. Note that, in the present specification, a liquid crystal
display device having a plurality of pixel electrodes provided
in a lattice manner is referred to as a liquid crystal display
device in which pixel electrodes are arranged in a stripe
manner.

[0096] First, abasic configuration of aliquid crystal display
device 10 of the present embodiment is described with refer-
enceto (a) and (b) of FIG. 2. (a) of FIG. 2 is a plan view of the
liquid crystal display device 10. (b) of FIG. 2 is a cross
sectional view taken along X-X' of (a) of FIG. 2.

[0097] As illustrated in (a) and (b) of FIG. 2, the liquid
crystal display device 10 of the present embodiment is a
transmissive liquid crystal display device, and a liquid crystal
panel includes: a TFT (Thin Film Transistor) side transparent
substrate 1 such as a glass substrate or the like; a counter
electrode side transparent substrate 11 provided opposite to
the TFT side transparent substrate 1; and a vertically aligned
mode liquid crystal layer 20 provided between the TFT side
transparent substrate 1 and the counter electrode side trans-
parent substrate 11. A vertical alignment film (not shown) is
provided on each of the TFT side transparent substrate 1 and
the counter electrode side transparent substrate 11 so as to be
positioned on a face which is in contact with the liquid crystal
layer 20. When no voltage is applied, liquid crystal molecules
of the liquid crystal layer 20 are aligned substantially verti-
cally with respect to a surface of the vertical alignment film.
That is, the liquid crystal panel is based on a vertically aligned
mode. The liquid crystal layer 20 includes a nematic liquid
crystal material whose dielectric isotropy is negative.

[0098] The liquid crystal panel of the liquid crystal display
device 10 includes: pixel electrodes 2 formed on the TFT side
transparent substrate 1; and counter electrodes 12 formed on
the counter electrode side transparent substrate 11, wherein
the liquid crystal layer 20 provided between a pixel electrode
2 and a counter electrode 12 constitutes a pixel. Here, each of
the pixel electrodes 1 and the counter electrodes 12 is consti-
tuted by a transparent conduction layer made of ITO (Indium
Tin Oxide). Note that, color filters 13 corresponding to the
pixels and black matrixes (light shielding layer) 14 each
formed between color filters 13 adjacent to each other are
provided on the counter electrode side transparent substrate
11 so as to face the liquid crystal layer 20, and the counter
electrode 12 is provided on them. However, the configuration
is not necessarily limited to this, and it may be so configured
that the color filter 13 and the black matrix 14 are provided on
the counter electrode 12 so as to face the liquid crystal layer
20.

[0099] As illustrated in (a) of FIG. 2, on the TFT side
transparent substrate 1, there are provided a plurality of gate
wirings 17 which are parallel to each other and extend in a
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horizontal direction in (a) of FIG. 2 and a plurality of source
wirings 18 which are parallel to each other and extend in a
vertical direction in (a) of FIG. 2 so0 as to be orthogonal to the
respective gate wirings 17. In the vicinity of a junction of each
gate wiring 17 and each source wiring 18, a TFT element 19
is provided as a switching element electrically connected to
the gate wiring 17 and the source wiring 18. The pixel elec-
trode 2 is provided on an area surrounded by a pair of the gate
wirings 17 and a pair of source wirings 18 so as to correspond
to each TFT element 19.

[0100] As illustrated in (a) of FIG. 2, a pixel electrode 2 of
red, a pixel electrode 2 of green, and a pixel electrode 2 of blue
are sequentially provided on the liquid crystal panel, and each
pixel electrode 2 includes two sub pixel electrodes 2a
arranged in a line. Between the two sub pixel electrodes 2a, a
bridge 3 is provided as a connection section whose width is
narrower than a width of the sub pixel electrode 24, and slits
4 are formed on both sides of the bridge 3. The bridge 3
electrically connects the sub pixel electrodes 2a. Note that,
each of the sub pixel electrodes 2a has a rectangular shape,
but the shape is not limited to this, and the shape may be other
polygon such as oblong, pentagon, hexagon, and the like, or
circular, or elliptical.

[0101] Further, on the counter electrode 12, a rivet section
15 serving as a liquid crystal layer side convex portion having
acircular cone-like shape is provided so as to be positioned on
a portion opposite to a central position of each of the sub pixel
electrodes 2a.

[0102] Thus, when a predetermined voltage is applied to
the liquid crystal layer 20, below the rivet section 15, liquid
crystal molecules are aligned axis-symmetrically with
respect to a central axis of the rivet section 15 in the liquid
crystal layer 20. That is, the rivet section 15 causes a position
of the central axis of the axis-symmetric alighment to be
fixed. Further, in the periphery of the rivet section 15, a slant
electric field is generated by a voltage applied between the
sub pixel electrode 2a and the counter electrode 12, and this
slant electric field defines a direction in which liquid crystal
molecules are inclined. As a result, a liquid crystal panel
whose viewing angle is wide is obtained.

[0103] Note that, a shape of the rivet section 15 provided in
order to fix the alignment central axis of the axis-symmetric
alignment is preferably circular, but the shape is not limited to
this. However, in order to exhibit an alignment regulating
force equally in all the directions, it is preferable that the
shape is polygon having four or more corners, and it is pref-
erable that the shape is regular polygon. Further, a cross
sectional shape of its front surface is not necessarily trap-
ezoid, and the cross sectional shape may be oblong or tri-
angle.

[0104] The liquid crystal display device 10 has a light
shielding region between pixels adjacent to each other, and a
wall structure 22 is provided on the TFT side transparent
substrate 1 so as to be positioned within the light shielding
region. Here, the light shielding region is provided on the TFT
side transparent substrate so as to be positioned in a peripheral
region of the pixel electrode 2, and the light shielding region
is a region from which light is shielded by, for example, the
TFT element 19, the gate wiring 17, the source wiring 18, or
the black matrix 14 formed on the counter electrode side
transparent substrate 11, and this light shielding region has no
influence on display. Thus, the wall structure 22 formed on
the light shielding region does not have bad influence on
display.
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[0105] Note that, the wall structure 22 is provided as a
continuous wall surrounding the pixel, but the configuration
is not limited to this, and the wall may be cut into a plurality
of'walls. The wall structure 22 defines a border formed in the
vicinity of an outline of a pixel in a liquid crystal domain, and
it is preferable that the wall structure has a certain length. For
example, in case where the wall structure 22 is includes plural
walls, it is preferable that a length of each wall is longer than
a length of a gap between walls adjacent to each other.

[0106] Note that, itis preferable that, for example, a support
for defining a thickness of the liquid crystal layer 20 (this
thickness is referred to also as a cell gap) is formed on the light
shielding region (here, a region defined by the black matrix
14), since this does not deteriorate display quality.

[0107] Note that, as described above, the TFT element 19
and circuit components such as the gate wiring 17 and the
source wiring 18 connected to the TFT element are provided
on the TFT side transparent substrate 1 so as to face the side
ofthe liquid crystal layer 20. Further, the TFT side transparent
substrate 1, the circuit components and the pixel electrode 2
formed on the TFT side transparent substrate 1, the wall
structure 22, the alignment film, and the like are collectively
referred to as an active matrix substrate. While, the counter
electrode side transparent substrate 11, the color filter 13
formed on the counter electrode side transparent substrate 11,
the black matrix 14, the counter electrode 12, the alignment
film, and the like are collectively referred to as a color filter
substrate.

[0108] Further, although not described above, the liquid
crystal display device 10 further includes a pair of polariza-
tion plates disposed opposite to each other via the TFT side
transparent substrate 1 and the counter electrode side trans-
parent substrate 11. The pair of polarization plates are dis-
posed so that their transmission axes are orthogonal to each
other.

[0109] Incidentally, in the conventional liquid crystal dis-
play device, the bridge 3 connecting the sub pixel electrodes
2a exists on a line connecting centers of the rivet sections 15
and the bridge 3 exists in a central position between the sub
pixel electrodes 2a having a symmetric structure, so that a
direction in which liquid crystal molecules on the bridge 3 are
aligned is not determined. Thus, there occurs such a phenom-
enon that the formed alignment central axis of liquid crystal
molecules deviates to either left or right of the bridge 3. The
conventional design fails to control a direction in which the
alignment central axis deviates, so that this causes display
quality deterioration such as roughness, burning, afterimage,
and the like. That is, for example, directions in which align-
ment central axes deviate are random in the entire liquid
crystal panel, which results in roughness of display.

[0110] A method for overcoming this disadvantage may be
such that the bridge 3 is made thinner. However, if the bridge
3 is made thinner, conduction between the sub pixel elec-
trodes 2a deteriorates. On the other hand, the bridge 3 may be
made thicker. However, even if the bridge 3 is made thicker, a
direction of liquid crystal molecules is not fixed as long as the
sub pixel electrodes 2a and the bridge 3 are symmetrically
positioned. Further, a gap between the sub pixel electrodes 2a
may be increased, but this raises such a problem that an
aperture ratio becomes lower.

[0111] Thus, as illustrated in (a) of FIG. 2, in the liquid
crystal display device 10 of the present embodiment, the
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bridge 3 of the pixel electrode 2 is provided so as to deviate
from a center line (axis) connecting centers of the sub pixel
electrodes 2a.

[0112] FIG. 3 illustrates one type of a shape of the pixel
electrode 2 provided on the liquid crystal display device 10.
The pixel electrode 2 of FIG. 3 is such that the bridge 3
deviates from a center line z to a right side. The pixel electrode
having such a shape that the bridge deviates to a left side is
referred to as A.

[0113] Here, a distance (offset amount) from the center line
Z to a center line z1 of the bridge 3 is referred to as x1. In
obtaining this offset amount x1, for example, a numerical
value described in Patent Literature 2 can be adopted.
[0114] Incidentally, in case of a pixel electrode in which a
bridge is provided so as to deviate from the center line as
described above, the following problem occurs. With refer-
ence to FIG. 9, this problem is described as follows.

[0115] FIG. 9 illustrates a comparative example of the lig-
uid crystal display device according to the present embodi-
ment. A liquid crystal display device 10a of FIG. 9 is such that
only pixel electrodes A are arranged in a lattice manner. In the
liquid crystal display device 104, as illustrated by arrows in
FIG. 9, connection electrodes of all pixels deviate only in one
direction, so that alignment states of liquid crystal molecules
in vicinities of the bridges 3 of all the pixel electrodes A
deviate in the same manner.

[0116] Under this condition, a displayed image appears to
be different between a case where the observer views the
liquid crystal panel from a left side and a case where the
observer views the liquid crystal panel from a right side.
[0117] Thus, in the liquid crystal display device of the
present invention, the shape of the pixel electrode is not
limited to one type, and two or more types are adopted, and
pixel electrodes of respective types are arranged in a regular
manner, and the pixel electrodes of respective types are popu-
lated with equal ratios.

[0118] As an example, in the liquid crystal display device
10 of the present embodiment, positions of the bridges each
connecting the two sub pixel electrodes 2a are made different
from each other, so that there are formed pixel electrodes of
plural types whose shapes are different from each other. More
specifically, the pixel electrodes 2 are categorized into a pixel
electrode A (see FIG. 3) and a pixel electrodes B respectively
including the bridges 3 which are symmetrically located with
respect to an axis (center line) connecting centers of sub pixel
electrodes 2a.

[0119] FIG. 4 illustrates a shape of the pixel electrode B.
The pixel electrode 2(B) is such that the bridge 3 deviates
from the center line z to a left side. Here, if a distance (offset
amount) from the center line z to the center line z2 of the
bridge 3 is defined as x2, x2=x1.

[0120] Further, as illustrated in FIG. 1, in the liquid crystal
display device 10 of the present embodiment, the pixel elec-
trodes A and the pixel electrodes B are alternately arranged in
a checkered manner. That is, the pixel electrodes are arranged
so that a direction in which the bridge 3 of a pixel electrode 2
deviates and a direction in which the bridge 3 of an adjacent
pixel electrode 2 deviates are opposite to each other. Note
that, FIG. 5 schematically illustrates an arrangement of the
pixel electrodes A and the pixel electrodes B.

[0121] As illustrated in FIG. 5, the pixel electrodes A and
the pixel electrodes B are alternately arranged in a checkered
manner, so that a direction in which liquid crystal molecules
are aligned in a pixel electrode and a direction in which liquid
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crystal molecules are aligned in an adjacent pixel electrode
can be made different from each other. Thus, it is possible to
prevent display quality deterioration such as roughness, burn-
ing, afterimage, and the like, which are caused by disorder of
alignment of liquid crystal molecules, even if the liquid crys-
tal panel is viewed from any direction. The pixel electrodes
whose connection electrodes deviate in directions indicated
by arrows in FIG. 1 are arranged in a checkered manner, so
that alignment states of liquid crystal molecules in the vicin-
ity of each connection electrode vary according to the devi-
ating direction.

[0122] Further, the pixel electrodes A and the pixel elec-
trodes B are arranged in a checkered manner, so that the pixel
electrodes of two types whose shapes are different from each
other can be populated with equal ratios. This makes it pos-
sible to prevent a displayed image from being differently
viewed in case where the liquid crystal panel is viewed from
left and right directions respectively.

[0123] Note that, each of layouts of pixel electrodes illus-
trated in FIG. 1 and FIG. 5 is an example, and the present
invention is not limited to this. Each of FIG. 6 through FIG. 8
illustrates another example in which the pixel electrodes A
and the pixel electrodes B are arranged in a regular manner.

[0124] FIG. 6 illustrates an example where three pixels
arranged alongside are regarded as a single set and sets
obtained in this manner are arranged in a checkered manner.
FIG. 6 illustrates a pixel display color as a parenthesis. In this
manner, three pixels arranged alongside are regarded as a
single set, so thata pixel electrode of R (red), a pixel electrode
of G (green), and a pixel electrode of B (blue) exist in the
single set. Thus, as to each of red, green, and blue, a ratio of
the pixel electrodes A and a ratio of the pixel electrodes B are
equal to each other. According to this configuration, it is
possible to suppress a displayed image from being differently
viewed in case where each displayed color is viewed from left
and right sides. Thus, a display property in left and right sides
can be made evener.

[0125] FIG. 7 illustrates an example where a line of the
pixel electrodes A positioned along a gate wiring and another
line of the pixel electrodes B positioned along another gate
wiring are alternately arranged. Further, FIG. 8 illustrates an
example where a line of the pixel electrodes A positioned
along a gate wiring and another line of the pixel electrodes B
positioned along another gate wiring are alternately arranged.
[0126] Here, the phrase “a line of the pixel electrodes posi-
tioned along a gate wiring (or a source wiring) and another
line of the pixel electrodes positioned along another gate
wiring (or another source wiring) are alternately arranged”
means a state in which: pixel electrodes connected to a single
gate wiring (source wiring) 17a via TFT elements are pixel
electrodes whose shapes are identical to each other (e.g., pixel
electrodes A) and pixel electrodes connected to a single gate
wiring 175, adjacent to the gate wiring 17a, via TFT elements
are pixel electrodes whose shapes are identical to each other
(e.g., pixel electrodes B).

[0127] Note that, it is preferable that, out of the respective
pixel electrodes arranged in a lattice manner, pixel electrodes
arranged in the same column or the same row (that is, pixel
electrodes connected to the single source wiring or the single
gate wiring) are varied or alternated in shape. That is, in each
of'examples illustrated in FIG. 5 through FIG. 8, an example
of the pixel arrangement illustrated in FIG. 5 and an example
of the pixel arrangement illustrated in FIG. 6 are more pref-
erable. According to this, it is possible to further suppress a



US 2010/0195027 Al

displayed image from being differently viewed in case where
the liquid crystal panel is viewed from left and right direc-
tions. As a result, a display property in respective directions
can be made evener.

Embodiment 2

[0128] Next, with reference to FIG. 10 and FIG. 15 through
FIG. 17, Embodiment 2 of the present invention is described.
[0129] Embodiment 1 described an example of the liquid
crystal display device in which the respective pixel electrodes
are arranged in a stripe manner. Embodiment 2 will describe
an example of a liquid crystal display device in which pixel
electrodes are alternated (so-called delta arrangement liquid
crystal display device).

[0130] FIG. 10 illustrates a configuration of pixel elec-
trodes of a liquid crystal display device 30 according to the
present embodiment. In the liquid crystal display device 30,
the same reference numerals are given to members having the
same names as those in the liquid crystal display device 10 of
Embodiment 1, and descriptions thereof are omitted.

[0131] Ona liquid crystal panel of the liquid crystal display
device 30, gate wirings 17 to which scanning signals are
respectively applied and source wirings 18 to which video
signals are respectively applied are provided so as to cross
each other. In the vicinity of each junction of the gate wiring
and the source wiring 18, a TFT element (switching element)
19 is provided. A pixel electrode 2 is provided so as to corre-
spond to each TFT element 19 surrounded by a pair of gate
wirings 17 adjacent to each other and a pair of source wirings
18 adjacent to each other.

[0132] Further, each pixel electrode 2 includes two sub
pixel electrodes 2a arranged in a line. Between the two sub
pixel electrodes 2a, a bridge 3 is formed as a connection
section whose width is narrower than a width of the sub pixel
electrode 2a. As in the liquid crystal display device 10, also
the liquid crystal display deice 30 is configured so that pixel
electrodes of two types whose shapes are different from each
other, i.e., pixel electrodes A and pixel electrodes B are popu-
lated with equal ratios. As a result, it is possible to suppress a
displayed image from being differently viewed in case where
the liquid crystal panel is viewed from left and right direc-
tions.

[0133] Further, in the liquid crystal display device 30, an
arrangement of pixel electrodes having TFT elements 19
connected to a single gate wiring 17a and an arrangement of
pixel electrodes having TFT elements 19 connected to a gate
wiring 175 (second gate wiring) adjacent to the foregoing
gate wiring 17a deviate from each other so that the deviation
corresponds to a half (half pitch) of a width d of the pixel
electrode in a direction in which the gate wiring extends. In
this manner, the pixel electrodes 2 of the liquid crystal display
device 30 are delta-arranged.

[0134] Here, an arrangement of colors, i.e., red, green, blue
in the delta arrangement is as illustrated in FIG. 17. In FIG.
17, a dotted line in a horizontal direction indicates the gate
wiring, and a line vertically extending in a partially rectan-
gular manner indicates the source wiring. Further, FIG. 17
illustrates also the TFT element 19.

[0135] Inthis manner, the pixel electrodes 2 are arranged as
the delta arrangement, so that it is possible to display an
image smoother than an image realized by the stripe arrange-
ment. Particularly, in a color liquid crystal display device
having color filters of RGB, if the delta arrangement is
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adopted, respective color components can be evenly dis-
persed in a display screen of the liquid crystal panel.

[0136] Further, the liquid crystal display device 30 is con-
figured so that the pixel electrodes A and the pixel electrodes
B are alternately arranged in the pixel electrode arrangement
connected to the single gate wiring 17. In this manner, the
pixel electrodes A and the pixel electrodes B are alternately
arranged, so that an alignment direction of liquid crystal
molecules in a vicinity of a bridge 3 of a pixel can be made
different from an alignment direction of liquid crystal mol-
ecules in a vicinity of a bridge 3 of an adjacent pixel as
illustrated in FIG. 10. Thus, in each pixel electrode arrange-
ment, an alignment direction of liquid crystal molecules in a
vicinity of a bridge is different from an alignment direction of
liquid crystal molecules in a vicinity of another bridge, so that
it is possible to prevent occurrence of any horizontal streak in
a displayed image.

[0137] In the liquid crystal display device 30 according to
the present embodiment, the pixel electrodes A and the pixel
electrodes B are alternated (this arrangement is referred to as
checkered arrangement). FIG. 15 is a schematic illustrating
an example of a pixel arrangement in which the pixel elec-
trodes A and the pixel electrodes B are arranged in a check-
ered manner as the delta arrangement. FIG. 15 corresponds to
FIG. 5 concerning the stripe arrangement. FIG. 15 illustrates
a pixel display color as a parenthesis.

[0138] However, the arrangement of the pixel electrodes A
and the pixel electrodes B is an example of the present inven-
tion, and the present invention is not limited to this configu-
ration.

[0139] FIG. 16 illustrates another example where the pixel
electrodes A and the pixel electrodes B are arranged in a
regular manner.

[0140] FIG. 16 illustrates an example where three pixels
arranged alongside are regarded as a single set and they are
arranged in a checkered manner in pixel electrodes of the
delta arrangement. FIG. 16 corresponds to FIG. 6 concerning
the stripe arrangement. FIG. 16 illustrates a pixel display
color as a parenthesis. In this manner, three pixels arranged
alongside are regarded as a single set, so that an R (red) pixel
electrode, a G (green) pixel electrode, and a B (blue) pixel
electrode exist in a single set. Thus, as to the RGB colors, a
ratio of the pixel electrodes A and a ratio of the pixel elec-
trodes B are equal to each other. According to this configu-
ration, it is possible to suppress a displayed image from being
differently viewed in case where each displayed color is
viewed from left and right sides. Thus, a display property in
left and right directions can be made evener.

[0141] Note that, as in the present embodiment, it is pref-
erable to configure the liquid crystal display device whose
pixel electrodes are in the delta arrangement so that: as illus-
trated in FIG. 10 and FIG. 17, out of plural pixel electrodes
having TFT elements 19 connected to a single source wiring
18, pixel electrodes 2 adjacent to each other in a direction in
which the source wiring 18 extends are positioned opposite to
each other via the source wiring 18.

[0142] According to this configuration, it is possible to
realize such effect that complicate color switching is not
required. That is, the TFT elements 19 are provided in this
manner, so that the TFT elements for pixel electrodes corre-
sponding to the same color are provided on the single source
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wiring. Thus, it is not necessary to carry out the color switch-
ing in the single source wiring.

Embodiment 3

[0143] Next, with reference to FIG. 11 through FIG. 14,
Embodiment 3 of the present invention is described.

[0144] Each ofthe aforementioned embodiments described
an example where the two sub pixel electrodes 2a are con-
nected by a single bridge 3. However, in the present invention,
the number of the sub pixel electrodes is not limited to two,
and three or more sub pixel electrodes may be arranged in a
line so as to constitute a pixel electrode.

[0145] Embodiment 3 describes an example where the
pixel electrode is constituted of three sub pixel electrodes.
FIG. 11 illustrates a configuration of pixel electrodes of a
liquid crystal display device 40 according to the present
embodiment. Note that, in the liquid crystal display device
40, the same reference numerals are given to members having
the same names as those in the liquid crystal display device 10
of Embodiment 1, and descriptions thereof are omitted.
[0146] Ona liquid crystal panel of the liquid crystal display
device 40, gate wirings 17 to which scanning signals are
respectively applied and source wirings 18 to which video
signals are respectively applied are provided so as to cross
each other. In the vicinity of each junction of the gate wiring
and the source wiring 18, a TFT element (switching element)
19 is provided. A pixel electrode 2 is provided so as to corre-
spond to each TFT element 19 surrounded by a pair of gate
wirings 17 adjacent to each other and a pair of source wirings
18 adjacent to each other.

[0147] In the present embodiment, each pixel electrode is
constituted of three sub pixel electrodes 2a arranged in a line.
Among the three sub pixel electrodes 2a, there are formed
bridges 3 each of which has a width narrower than a width of
each sub pixel electrode 2a.

[0148] Further, in the liquid crystal display device 40 of the
present embodiment, positions of the bridges 3 are different
from each other, so that shapes of pixel electrodes of two
types (a pixel electrode C and a pixel electrode D) are differ-
ent from each other, and these pixel electrodes constitute the
liquid crystal panel.

[0149] Each of (a) and (b) of FIG. 12 illustrates a shape of
each pixel electrode included in the liquid crystal display
device 40.

[0150] Inthe pixel electrode C illustrated in (a) of FIG. 12,
a bridge 3 connecting upper two sub pixel electrodes, out of
three sub pixel electrodes 2a constituting the pixel electrode,
deviates to a left side from an axis (center line) z which
connects centers of the sub pixel electrodes 2a, and a bridge
3 connecting lower two sub pixel electrodes deviates to a right
side from the axis (center line) z which connects centers of the
sub pixel electrodes 2a.

[0151] While, in the pixel electrode D illustrated in (b) of
FIG. 12, a bridge 3 connecting upper two sub pixel electrodes,
out of three sub pixel electrodes 2a constituting the pixel
electrode, deviates to a right side from an axis (center line) z
which connects centers of the sub pixel electrodes 2a, and a
bridge 3 connecting lower two sub pixel electrodes deviates to
a left side from the axis (center line) z which connects centers
of the sub pixel electrodes 2a.

[0152] In this manner, the pixel electrode C and the pixel
electrode D are symmetrically shaped. The pixel electrodes C
and the pixel electrodes D are arranged in a regular manner,
and a ratio of the pixel electrodes C and a ratio of the pixel
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electrode D are made equal to each other, so that a displayed
image can be more evenly viewed in case where the liquid
crystal display device 40 is viewed from both left and right
directions.

[0153] Further, in the liquid crystal display device 40 of the
present embodiment, as illustrated in. FIG. 11, the pixel elec-
trodes C and the pixel electrodes D are arranged in a check-
ered manner. That is, the pixel electrodes C and the pixel
electrodes D are arranged so that a direction in which a bridge
3 of a pixel electrode 2 deviates is opposite to a direction in
which a bridge 3 of an adjacent pixel electrode 2 deviates.
FIG. 13 schematically illustrates an arrangement of the pixel
electrodes C and the pixel electrodes D.

[0154] As illustrated in FIG. 13, the pixel electrodes C and
the pixel electrodes D are arranged in a checkered manner, so
that a direction in which liquid crystal molecules of a pixel
electrode are aligned can be made different from a directionin
which liquid crystal molecules of an adjacent pixel electrode
are aligned. Thus, it is possible to prevent display quality
deterioration such as roughness, burning, afterimage, and the
like, which are caused by disorder of alignment of liquid
crystal molecules, even if the liquid crystal panel is viewed
from any direction.

[0155] Further, the pixel electrodes C and the pixel elec-
trodes D are arranged in a checkered manner as described
above, so that the pixel electrodes of two types whose shapes
are different from each other are populated with equal ratios.
Thus, it is possible to suppress a displayed image from being
differently viewed in case where the liquid crystal panel is
viewed from left and right directions.

[0156] Note that, each of layouts of pixel electrodes illus-
trated in FIG. 11 and FIG. 13 is an example, and the present
invention is not limited to this.

[0157] Note that, for comparison, FIG. 14 illustrates a plan
view of a liquid crystal display device 40a constituted of pixel
electrodes having shapes identical to each other. A deviating
direction of the connection electrode section is indicated by
an arrow. In case of a pixel electrode configuration illustrated
in FIG. 14, an alignment direction of liquid crystal molecules
in a vicinity of a bridge of a sub pixel electrode 2a and an
alignment direction of liquid crystal molecules in a vicinity of
a bridge of a horizontally adjacent sub pixel electrode 2qa are
identical to each other, but an alignment direction of liquid
crystal molecules in a vicinity of a bridge 3 of a sub pixel
electrode 2a and an alignment direction of liquid crystal
molecules in a vicinity of a bridge 3 of a vertically adjacent
sub pixel electrode 2a are opposite to each other.

[0158] Ifanalignment direction of liquid crystal molecules
in one line is opposite to an alignment direction of liquid
crystal molecules in another line as described above, a hori-
zontal streak is recognized in a single pixel in case where the
observer views the liquid crystal display device from any of
left and right sides.

[0159] Note that, as in the present embodiment, in case
where the three or more sub pixel electrodes are arranged in a
line, it is preferable to provide bridges 3 in a single pixel
electrode so that a direction in which a bridge 3 deviates from
a center line z of a sub pixel electrode 2a is opposite to a
direction in which a bridge 3 deviates from a center line z
between sub pixel electrodes 2a.

[0160] Thus, in the vertically aligned mode liquid crystal
display device 10 in which three or more sub pixel electrodes
2q are arranged in a line, it is possible to more surely prevent
display quality deterioration such as roughness, burning,
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afterimage, and the like, which are caused by disorder of
alignment of liquid crystal molecules, even if the liquid crys-
tal panel is viewed from any direction.

[0161] As described above, a liquid crystal display device
according to the present invention comprises a liquid crystal
panel in which a plurality of pixel electrodes are arranged,
wherein: shapes of the pixel electrodes are asymmetric, and
the pixel electrodes are categorized into plural types different
in shape, and the liquid crystal panel is configured so that the
pixel electrodes of the plural types are alternated in a regular
manner, and the pixel electrodes of the plural types are popu-
lated with equal ratios.

[0162] In the present invention, as described above, pixel
electrodes of plural types whose shapes are different from
each other are used as pixel electrodes having asymmetric
shapes. According to this configuration, alignment states of
liquid crystal molecules of the respective pixel electrodes can
be made different from each other.

[0163] Further, according to the foregoing configuration,
pixel electrodes of different types are arranged in a regular
manner and the pixel electrodes of the respective types are
populated with equal ratios, so that it is possible to suppress
liquid crystal molecules of the pixel electrodes from being
aligned in only one direction. Thus, in case where the display
device is observed from left and right directions, it is possible
to suppress a displayed image from being differently viewed,
thereby improving display quality.

[0164] The invention being thus described, it will be obvi-
ous that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

INDUSTRIAL APPLICABILITY

[0165] According to the present invention, in a liquid crys-
tal display device comprising pixel electrodes of plural types
whose shapes are different from each other, it is possible to
suppress a displayed image from differently viewed in case
where the display device is viewed from left and right direc-
tions, and it is possible to improve display quality. The present
invention is capable of contributing to improvement of dis-
play quality in a liquid crystal display device and the like in
which each pixel electrode is constituted of plural sub pixel
electrodes.

1. A liquid crystal display device, comprising a liquid
crystal panel in which a plurality of pixel electrodes are
arranged, wherein:

shapes of the pixel electrodes are asymmetric, and the pixel

electrodes are categorized into plural types different in
shape, and

the liquid crystal panel is configured so that the pixel elec-

trodes of the plural types are alternated in a regular
manner, and the pixel electrodes of the plural types are
populated with equal ratios.

2. The liquid crystal display device as set forth in claim ,
wherein:

each of the pixel electrodes includes a combination of at

least two sub pixel electrodes, and a connection section
for connecting the sub pixels, the connecting section
having a width narrower than a width of each of the sub
pixels, and
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the difference in shape of the pixel electrodes of the plural
types is attributed to difference as to where the connec-
tion section is.
3. The liquid crystal display device as set forth in claim 2,
wherein:
the liquid crystal panel is based on a vertically aligned
mode, and
the connection section is positioned so as to deviate from
an axis connecting centers of the sub pixel electrodes.
4. The liquid crystal display device as set forth in claim 3,
wherein:
the pixel electrodes are categorized into two types in terms
of their shapes, and
the pixel electrodes of the two types respectively include
connection sections which are symmetrically located
with respect to an axis connecting centers of sub pixel
electrodes.
5. The liquid crystal display device as set forth in claim 1,
further comprising color filters of plural colors, wherein:
the color filters of plural colors are provided in association
with the pixel electrodes, respectively and
the pixel electrodes of the plural types whose colors are
identical to each other and whose shapes are different
from each other are populated with equal ratios.
6. The liquid crystal display device as set forth in claim 3,
wherein:
the liquid crystal panel includes (a) gate wirings to which
scanning signals are applied, (b) source wirings to which
video signals are applied, the gate wirings and the source
wirings crossing each other, and (c) switching elements
each of which is provided in a vicinity of a junction of
each gate wiring and each source wiring and each of
whichis electrically connected to the gate wiring and the
source wiring, and
the pixel electrodes are aligned in rows by being connected
respectively with the gate wirings via the switching ele-
ments, in such a manner that the pixel electrodes in each
row are shifted from pixel electrodes in a row adjacent to
that row by a half of a width of the pixel electrodes in a
direction in which the gate wirings extend.
7. The liquid crystal display device as set forth in claim 3,
wherein:
the liquid crystal panel includes (a) gate wirings to which
scanning signals are applied, (b) source wirings to which
video signals are applied, the gate wirings and the source
wirings crossing each other, and (c) switching elements
each of which is provided in a vicinity of a junction of
each gate wiring and each source wiring and each of
which s electrically connected to the gate wiring and the
source wiring, and
the pixel electrodes are connected to the gate wirings and
the source wirings via the switching element, respec-
tively, and
an arrangement of pixel electrodes electrically connected
to the source wiring or the gate wiring includes pixel
electrodes of different types.
8. The liquid crystal display device as set forth in claim 1,
wherein:
the pixel electrodes are categorized into two types in terms
of their shapes, and
the pixel electrodes of the two types are alternated in a
checkered manner.
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9. The liquid crystal display device as set forth in claim 1,

wherein:

the liquid crystal panel includes (a) gate wirings to which
scanning signals are applied, (b) source wirings to which
video signals are applied, the gate wirings and the source
wirings crossing each other, and (¢) switching elements
each of which is provided in a vicinity of a junction of
each gate wiring and each source wiring and each of
which s electrically connected to the gate wiring and the
source wiring, and

the pixel electrodes are connected to the gate wirings and
the source wirings via the switching element, respec-
tively, and

the pixel electrodes are categorized into two types in terms
of their shapes, and

the pixel electrodes of the two types are alternately
arranged so that each pixel electrode of each type is
disposed along each source wiring.
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10. The liquid crystal display device as set forth in claim 1,

wherein:

the liquid crystal panel includes (a) gate wirings to which
scanning signals are applied, (b) source wirings to which
video signals are applied, the gate wirings and the source
wirings crossing each other, and (c) switching elements
each of which is provided in a vicinity of a junction of
each gate wiring and each source wiring and each of
whichis electrically connected to the gate wiring and the
source wiring, and

the pixel electrodes are connected to the gate wirings and
the source wirings via the switching element, respec-
tively, and

the pixel electrodes are categorized into two types in terms
of their shapes, and

the pixel electrodes of the two types are alternately
arranged so that each pixel electrode of each type is
disposed along each gate wiring.

A * * #* ok



RiES

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

RHBA

L5
S\EReERE

BWE(R)

FEANRBEREE (10) SFERBER , EFHEFSMRERR
(2) , B ®RER (2) OPRETHBGH , RRLIR (2) PRR (2P
FRBUT RS HRE (B, GRRBMANMGBRENB ) o RIEERE ZLE ,
BEENESSHRBENERER (B, BERBRANGEBRB ) AN
NAEXFE , ARSHRBENERBRUBENLERER, At , £
ENRRERNOARENENEFKFEFINHERNGEEBROBRE
TRER , AR THEEMRENBGRBRNGTX , \RSETERR

Eo

RBEREKE

US20100195027A1

US12/665141

EEHRA 4

EEHMAau

EEHRA a4

YOSHIDA HIROSHI
KAISE YASUYOSHI

TASAKA YASUTOSHI
NAKAJIMA MUTSUMI

YOSHIDA, HIROSHI

KAISE, YASUYOSHI
TASAKA, YASUTOSHI
NAKAJIMA, MUTSUMI

GO02F1/1335 G02F1/1343

patsnap

GO02F1/133707 GO2F1/133753 G02F1/134336 G02F2201/52 G02F2001/134345 G02F2201/14

G02F2001/133757

2007174444 2007-07-02 JP

Espacenet USPTO

15— 4

17
a7a)

17 E
(17} ==



https://share-analytics.zhihuiya.com/view/097c608b-e77e-4084-8459-6f183ff1a1e8
https://worldwide.espacenet.com/patent/search/family/040225908/publication/US2010195027A1?q=US2010195027A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100195027%22.PGNR.&OS=DN/20100195027&RS=DN/20100195027

