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Each of branch portions 62ae of a pixel electrode 62a and
inclined portions S1% of data lines S1 extends in a direction
different from an x direction and a y direction in a pixel region
PA and inclined with respect to the y direction. Further, a
liquid crystal layer 203 is orientated in a direction different
from the x direction and the y direction in the pixel region PA
and inclined with respect to the y direction.

—~—300




US 2011/0012821 A1

Jan. 20,2011 Sheet 1 of 10

Patent Application Publication

00€—

90—\ N\ N

e e

gy = =20000000000000000000000C M E

/0¢ / i e \/
v vd v\

A 00¢



Patent Application Publication  Jan. 20,2011 Sheet 2 of 10 US 2011/0012821 A1

FIG.?2

200
Il r

— 112

/\_/P




US 2011/0012821 A1

Jan. 20,2011 Sheet 3 of 10

Patent Application Publication

FIG.3

—— 207

Y——60c

——206

X2

21\B
/

21\R
/]

200
PA
21
A
21G
\)
OO NN RN 22

S S S S

o o o [—203
o o o

o
O

00

00

00

00

00

00

00

M rmMm

M rMr]nr

M rr

AN

N N\

AN N N

S o L

\f\/60a

AN AN

/

NCONDN N

NANENANANR RN

6\2a

6\2a

\
S1

6\2a

\
S1

R

——300




Patent Application Publication  Jan. 20,2011 Sheet4 of 10 US 2011/0012821 A1




Patent Application Publication  Jan. 20,2011 Sheet 5 of 10 US 2011/0012821 A1

FIG.5

31

48A 488 z
53 48AH 48AL 48BL 48BH

//f\\w

L | =48
\ N
( ( =201

FIG.6

/ V, X2

S S g y
N 21R 21G 21B ) X

v Z
21




Patent Application Publication  Jan. 20,2011 Sheet 6 of 10 US 2011/0012821 A1

N :ITO

:Mo

:PolySi

Al




Patent Application Publication  Jan. 20,2011 Sheet 7 of 10 US 2011/0012821 A1

N :ITO

:Mo

:PolySi

:Al




Patent Application Publication  Jan. 20,2011 Sheet 8 of 10 US 2011/0012821 A1

N :ITO

:Mo

:PolySi

Al




Patent Application Publication  Jan. 20,2011 Sheet 9 of 10 US 2011/0012821 A1

N:ITO

:Mo

:PolySi

Al




Patent Application Publication

\

Jan. 20,2011 Sheet 10 of 10

31 $ b ri
| G)l /_ \;k' |
77 NG Y,

—— |
622/ge e

|
|
|
S1— |
G)l
7 T AN

‘r

US 2011/0012821 A1

Y :ITO

:Mo

:PolySi

Al




US 2011/0012821 Al

LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] This invention relates to a liquid crystal display
apparatus wherein a transverse electric field is applied to a
liquid crystal layer in a pixel region in which a plurality of
pixels are provided in a matrix on a liquid crystal panel such
that an image is displayed in the pixel region with light
emitted through the liquid crystal layer and a polarizing plate.

BACKGROUND ART

[0002] A liquid crystal display apparatus includes a liquid
crystal panel wherein a liquid crystal layer is encapsulated
between a pair of substrates as a display panel. The liquid
crystal panel is, for example, of the transmission type wherein
it modulates illuminating light emitted from an illumination
apparatus such as a backlight provided on the rear face of the
liquid crystal panel and transmits the modulated light there-
through. Then, display of an image is carried out on the front
face of the liquid crystal panel with the modulated illuminat-
ing light.

[0003] The liquid crystal panel built in the liquid crystal
display apparatus is, for example, of the active matrix type
and includes a TFT array substrate having a pixel region in
which a plurality of thin film transistors (TFTs) which func-
tion as pixel switching elements are formed, an opposing
substrate opposing so as to face the TFT array substrate, and
a liquid crystal layer provided between the TFT array sub-
strate and the opposing substrate.

[0004] In the liquid crystal panel of the active matrix type,
an electric field produced between a pixel electrode and a
common electrode by inputting a potential to the pixel elec-
trode from a pixel switching element is applied to the liquid
crystal layer to vary the orientation of liquid crystal molecules
of the liquid crystal layer. By this, the transmission factor of
light to be transmitted through the pixel is controlled to modu-
late the light to pass therethrough to carry out display of an
image.

[0005] In such a liquid crystal panel as just described, in
addition to a TN (Twisted Nematic) mode, an ECB (Electri-
cally Controlled Birefringence) mode, a vertical orientation
mode and so forth, various display modes such as an IPS
(In-Plane-Switching) type and an FFS (Fringe Field Switch-
ing) type are known as modes wherein a transverse electric
field is applied to a liquid crystal layer (refer to, for example,
Patent Document 1 and Patent Document 2). In the modes
wherein a transverse electric field is applied, it has been
proposed to apply dual domains (refer to, for example, Patent
Document 3).

[0006] Patent Document 1: Japanese Patent Laid-Open No.
Hei 10-170924

[0007] Patent Document 2: Japanese Patent Laid-Open No.
2007-226200

[0008] Patent Document 3: Japanese Patent [aid-Open No.
2007-264231

DISCLOSURE OF INVENTION

[0009] A liquid crystal display apparatus is incorporated,
for example, in a portable mobile apparatus. In such an
instance, it is necessitated to configure the liquid crystal dis-
play apparatus such that an image displayed thereon can be
visually observed by a user in any ofa landscape (horizontally
long) state wherein a pixel region of a rectangular shape on
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which an image is to be displayed is long in an x direction and
a portrait (vertically long) state wherein the pixel region is
long in a y direction.

[0010] However, for example, where a user is outdoors, the
user sometimes visually observes an image on the screen
through polarizing sunglasses. Therefore, in the case wherein
the liquid crystal display apparatus is of the transverse electric
field type such as the IPS type or the FFS type described
above, the visibility sometimes drops in response to an angle
when the user visually observes the screen.

[0011] FIG. 11is aplan view schematically showing part of
pixels provided in a pixel region of a liquid crystal display
apparatus of the FFS type. In FIG. 11, part of a pixel ona TFT
array substrate is shown.

[0012] As shown in FIG. 11, on the TFT array substrate, a
pixel switching element 31, a pixel electrode 624, a data line
S1 and a gate line G1 are formed. In addition, though not
shown, a common electrode is provided in an opposing rela-
tionship to the pixel electrode 62¢ on the TFT array substrate.
[0013] Here, the pixel switching element 31 is, for
example, a bottom gate type TFT as shown in FIG. 11.
[0014] Further, the pixel electrode 62a is formedin a comb-
tooth shape on an xy plane defined by an x direction and a y
direction which define the pixel region as shownin FIG. 11. In
particular, as shown in FIG. 11, the pixel electrode 624 has a
trunk portion 62ak and a branch portion 62ae, and the trunk
portion 62ak extends in the x direction and a plurality of such
branch portions 62ae extend in the y direction. The pixel
electrode 62a is electrically connected to the drain electrode
of the pixel switching element 31.

[0015] Further, the data line S1 extends in the y direction as
shown in FIG. 11 and is electrically connected to the source
electrode of the pixel switching element 31.

[0016] The gate line G1 extends in the x direction as shown
in FIG. 11 and is electrically connected to the gate electrode
of the pixel switching element 31.

[0017] As shown in FIG. 11, the liquid crystal layer is
subject to an orientation process by carrying out a rubbing
process setting the rubbing direction RH to a direction
inclined by a predetermined angle 6 (for example, 5°) with
respect to a direction in which the branch portion 62ae of the
pixel electrode 62a and the data line S1 extend in the pixel
region PA.

[0018] As described above, in the case of the transverse
electric field type such as the FES type, the pixel electrode 62a
has a comb-tooth shape, and the plural branch portions 62ae
thereof extend in the y direction. Therefore, since the trans-
mission axis along which light is transmitted through the
liquid crystal panel is determined depending upon the direc-
tion in which the branch portions 62ae extend, when the pixel
region of a rectangular shape is placed into a state in the
landscape state, for example, the transmission axis of the
pixel region extends along the longitudinal direction. On the
other hand, when the pixel region is placed into a state in the
portrait state, for example, the transmission axis extends
along a lateral direction of the screen of a rectangular shape.
[0019] The polarizing sunglasses include polarizing ele-
ments having a transmission axis along the x direction or the
y direction such that a user will visually observe an image
through the polarizing elements.

[0020] Therefore, when a state of one of the landscape state
and the portrait state is entered, the transmission axis of the
liquid crystal panel and the transmission axis of the polarizing
sunglasses are sometimes much different from each other.
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Therefore, it sometimes becomes difficult for the user to
visually observe an image displayed on the liquid crystal
panel.

[0021] Accordingly, as described hereinabove, the visibil-
ity of the screen sometimes deteriorates in response to the
angle when the user visually observes the screen.

[0022] In order to eliminate this fault, a method of dispos-
ing a phase difference plate on a face of a liquid crystal panel
is available. In this instance, however, the fabrication cost
increases, and light is absorbed by the phase difference plate.
Therefore, since the light transmittance drops generally, the
image quality sometimes drops.

[0023] Further, by setting the transmission axis of the liquid
crystal panel with respect to the sides of the screen of a
rectangular shape, the visibility of the polarizing sunglasses
can be improved. For example, the angle of the direction in
which the branch portions of the comb-tooth electrode
described hereinabove extend is inclined at an angle of 45°
with respect to the sides of the screen. However, when the
branch portions of the comb-tooth electrode are inclined,
domains through which light is not transmitted sometimes
increase, resulting in decrease of the light transmittance, and
the image quality sometimes drops.

[0024] Further, where data lines are connected in the pixel
region in which the pixels are disposed in the x direction and
the y direction so as to connect to pixels juxtaposed in a
direction inclined with respect to the y direction in order to
incline the transmission axis of the liquid crystal panel with
respect to the y direction, a scanning signal and a data signal
produced so as to be displayed using the line sequential sys-
tem cannot be used as they are, but it becomes necessary to
separately carry out a signal process for converting the sig-
nals. Therefore, such faults as increase of the fabrication cost
and deterioration of the image quality by delay by the signal
process sometimes occur, and the visibility drops.

[0025] In this manner, it sometimes is difficult to improve
the visibility due to occurrence of such faults as described
above.

[0026] Accordingly, the present invention provides a liquid
crystal display apparatus which can improve the visibility.
[0027] According to the present invention, there is provided
aliquid crystal display apparatus wherein, in a pixel region of
a liquid crystal panel in which a plurality of pixels are pro-
vided in a matrix in a first direction and a second direction
perpendicular to the first direction, a pixel electrode and a
common electrode apply a transverse electric field to a liquid
crystal layer such that an image is displayed in the pixel
region with light emitted through the liquid crystal layer and
a polarizing plate, wherein the liquid crystal panel has a
plurality of first wire lines disposed in a spaced relationship
from each other in the second direction with regard to the
plural pixels so as to define the plural pixels juxtaposed in the
second direction, and a plurality of second wire lines disposed
in a spaced relationship from each other in the first direction
with regard to the plural pixels so as to define the plural pixels
Juxtaposed in the first direction; each of the second wire lines
includes an inclined portion extending in a direction different
from the first direction and the second direction in the pixel
region and inclined with respect to the second direction; the
pixel electrode includes a trunk portion extending in the first
direction, and a branch portion connected to the trunk portion
and extending in a direction different from the first direct and
the second direction in the pixel region and inclined with
respect to the second direction, and a plurality of such branch
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portions are provided in a spaced relationship from each other
in the first direction; and the liquid layer includes liquid
crystal molecules orientated in an inclined relationship with
respect to the first direction or the second direction in the pixel
region.

[0028] Preferably, the image displayed with the light emit-
ted through the liquid crystal layer and the polarizing plate in
the pixel region is visually observed through a polarizing
element whose transmission axis coincides with the first
direction or the second direction.

[0029] Preferably, the branch portions extend along a direc-
tion along which the inclined portions of the second wire lines
extend.

[0030] Preferably, each of the inclined portions of the sec-
ond wire lines and the branch portions extends in a direction
inclined within an angular range equal to or greater than 2°
but equal to or smaller than 45° with respect to the second
direction in the pixel region.

[0031] Preferably, each of the inclined portions of the sec-
ond wire lines and the branch portions extends in a direction
inclined at the angle of 45° with respect to the second direc-
tion in the pixel region.

[0032] Preferably, each of the second wire lines includes a
bent portion bent like a staircase in the first direction and the
second direction so as to be spaced away from another second
wire line provided so as to correspond to another adjacent
pixel in the pixel region.

[0033] Preferably, each of the inclined portions of the sec-
ond wire lines includes a first inclined portion extending in a
third direction different from the first direction and the second
direction, and a second inclined portion extending in a fourth
direction different from the first direction, second direction
and third direction, and the first inclined portion and the
second inclined portion are formed so as to correspond to one
pixel in the pixel region.

[0034] Preferably, each of the inclined portions of the sec-
ond wire lines includes a first inclined portion extending in a
third direction different from the first direction and the second
direction, and a second inclined portion extending in a fourth
direction different from the first direction, second direction
and third direction, and the first inclined portion and the
second inclined portion are disposed alternately in the plural
pixels juxtaposed in the second direction in the pixel region.

[0035] Inthe present invention, each of the branch portions
of the pixel electrode and the inclined portions of the second
wire lines extends in the direction different from the first
direction and the second direction in the pixel region and
inclined with respect to the second direction. Further, the
liquid crystallayer is orientated in the direction different from
the first direction and the second direction in the pixel region
and inclined with respect to the second direction.

[0036] According to the present invention, a liquid crystal

display apparatus which can improve the visibility can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1isasectional view showing a configuration of
a liquid crystal display apparatus 100 in an embodiment 1
according to the present invention.

[0038] FIG. 2 is a plan view showing a liquid crystal panel
200 in the embodiment 1 according to the present invention.
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[0039] FIG. 3 is a sectional view schematically showing
part of a pixel P provided in a pixel region PA of the liquid
crystal panel 200 in the embodiment 1 according to the
present invention.

[0040] FIG. 4 is a plan view of a subpixel of the pixel P
provided in the pixel region PA in the embodiment 1 accord-
ing to the present invention.

[0041] FIG.5is a sectional view showing a pixel switching
element 31 in the embodiment 1 according to the present
invention.

[0042] FIG. 6 is a plan view showing part of an opposing
substrate 202 in the embodiment 1 according to the present
invention.

[0043] FIG. 7 is a plan view schematically showing part of
a TFT array substrate 201 in a pixel P provided in a pixel
region PA in an embodiment 2 according to the present inven-
tion.

[0044] FIG. 8 is a plan view schematically showing part of
the TFT array substrate 201 in the pixel Pprovided in the pixel
region PA where a data line S1 is formed without providing a
bent portion S1p in the embodiment 2 according to the present
invention.

[0045] FIG. 9 is a plan view schematically showing part of
a TFT array substrate 201 in a pixel P provided in a pixel
region PA in an embodiment 3 according to the present inven-
tion.

[0046] FIG.101s aplan view schematically showing part of
a TFT array substrate 201 in a pixel P provided in a pixel
region PA in an embodiment 4 according to the present inven-
tion.

[0047] FIG.111isaplanview schematically showing part of
a pixel provided in a pixel region in a liquid crystal display
apparatus of the FFS type.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0048] An example of embodiments of the present inven-
tion is described.

Embodiment 1

Configuration of the Liquid Crystal Display Appara-
tus

[0049] FIG.1isasectional view showing a configuration of
a liquid crystal display apparatus 100 in an embodiment 1
according to the present invention.

[0050] The liquid crystal display apparatus 100 of the
present embodiment has a liquid crystal panel 200 and a
backlight 300 as shown in FIG. 1. The components are
described in order.

[0051] The liquid crystal panel 200 is of the active matrix
type,and a TFT array substrate 201 and an opposing substrate
202 face each other in a spaced relationship from each other
as shown in FIG. 1. A liquid crystal layer 203 is provided in
such a manner as to be sandwiched between the TFT array
substrate 201 and the opposing substrate 202.

[0052] As shown in FIG. 1, the backlight 300 is disposed in
such a manner as to be positioned on the TFT array substrate
201 side of the liquid crystal panel 200, and illuminating light
R emitted from the backlight 300 is irradiated upon the face of
the TFT array substrate 201 on the opposite side to the face
which opposes to the opposing substrate 202. Although
details are hereinafter described, the liquid crystal panel 200
includes a pixel region PA in which a plurality of pixels (not
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shown) are disposed for displaying an image. The liquid
crystal panel 200 receives the illuminating light R emitted
from the backlight 300 installed on the rear face side of the
liquid crystal panel 200 through a first polarizing plate 206
and modulates the illuminating light R received from the rear
face thereof in the pixel region PA. Here, a TFT (not shown)
is provided as a pixel switching element so as to correspond to
each pixel on the TFT array substrate 201, and the pixel
switching element (not shown) carries out switching control
of a pixel to modulate the illuminating light R received from
the rear face. Then, the modulated illuminating light R is
emitted to the front face side through a second polarizing
plate 207 so that an image is displayed in the pixel region PA.
In short, the liquid crystal panel 200 of the present embodi-
ment is of the transmission type, and a color image is dis-
played, for example, on the front face side of the liquid crystal
panel 200.

[0053] In the present embodiment, the liquid crystal dis-
play apparatus 100 is, for example, of the normally black
type, and various components such as the first polarizing plate
206 and the second polarizing plate 207 are disposed such
that, when no voltage is applied to the liquid crystal layer 203
in the liquid crystal panel 200, the light transmittance drops to
carry out black display, but when a voltage is applied to the
liquid crystal layer 203, the light transmittance rises. In par-
ticular, the transmission axes of the components are disposed
suich that, when no voltage is applied to the liquid crystal layer
203, light is blocked by the second polarizing plate 207 to
carry out black display, but when a voltage is applied to the
liquid crystal layer 203, light is transmitted from the second
polarizing plate 207.

[0054] Further, in the present embodiment, the liquid crys-
tal display apparatus 100 is incorporated in a portable mobile
apparatus, and an image displayed by light emitted through
the liquid crystal layer 203 and the second polarizing plate
207 in the pixel region PA is visually observed by a user, who
wears polarizing sunglasses each including a polarizing ele-
ment having a transmission axis in the x direction or the y
direction, through the polarizing elements in a state wherein
the liquid crystal display apparatus 100 is in the landscape
(horizontally long) orientation or the portrait (vertically long)
orientation.

[0055] As shown in FIG. 1, the backlight 300 is opposed to
the rear face of the liquid crystal panel 200, and emits the
illuminating light R to the pixel region PA of the liquid crystal
panel 200.

[0056] In particular, the backlight 300 is disposed so as to
be positioned on the TFT array substrate 201 side from
between the TFT array substrate 201 and the opposing sub-
strate 202 which configure the liquid crystal panel 200. The
backlight 300 irradiates the illuminating light R upon the face
of the TFT array substrate 201 on the opposite side to the face
which opposes to the opposing substrate 202. Here, for
example, white light is irradiated as the illuminating light R.
In short, the backlight 300 irradiates the illuminating light R
so as to advance from the TFT array substrate 201 side toward
the opposing substrate 202 side.

(Configuration of the Liquid Crystal Panel)

[0057] A general configuration of the liquid crystal panel
200 is described.

[0058] FIG. 2 is a plan view showing the liquid crystal
panel 200 in the embodiment 1 according to the present
invention.
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[0059] The liquid crystal panel 200 has the pixel region PA
and a peripheral region CA as shown in F1G. 2.

[0060] Inthepixel region PA ofthe liquid crystal panel 200,
a plurality of pixels P are disposed along the face thereof as
shown in FIG. 2. In particular, in the pixel region PA, a
plurality of pixels P are disposed in a matrix such that they are
juxtaposed in an x direction and a y direction which is pet-
pendicular to the x direction. The pixels P are driven by a
line-sequential method to display an image.

[0061] On the liquid crystal panel 200, the peripheral
region CA is positioned so as to surround the periphery of the
pixel region PA as shown in FIG. 2. In the peripheral region
CA, a vertical driving circuit 11 and a horizontal driving
circuit 12 are formed as shown in FIG. 2. For example, the
vertical driving circuit 11 and the horizontal driving circuit 12
are configured from semiconductor elements formed simi-
larly to the pixel switching elements described hereinabove.
The vertical driving circuit 11 and the horizontal driving
circuit 12 individually drive the plural pixels P provided in the
pixel region PA, for example, by a line-sequential method to
execute image display.

(Configuration of the Pixel Region of the Liquid Crystal
Panel)

[0062] FIG. 3 is a sectional view schematically showing
part of a pixel P provided in the pixel region PA of the liquid
crystal panel 200 in the embodiment 1 according to the
present invention.

[0063] As shown in FIG. 3, the liquid crystal panel 200 has
the TFT array substrate 201, opposing substrate 202, and
liquid crystal layer 203. In the liquid crystal panel 200, the
TFT array substrate 201 and the opposing substrate 202 are
pasted to each other in a spaced relationship from each other
as shown in FIG. 3, and the liquid crystal layer 203 is provided
in the gap between the TFT array substrate 201 and the
opposing substrate 202. For example, spacers (not shown) are
interposed between the TFT array substrate 201 and the
opposing substrate 202 such that the TFT array substrate 201
and the opposing substrate 202 are opposed to each other with
a gap left therebetween and are pasted to each other using a
seal material (not shown). In the present embodiment, the
liquid crystal panel 200 is configured so as to be ready for a
display mode of the FFS type.

[0064] In this liquid crystal panel 200, the TFT array sub-
strate 201 is a substrate of an insulator which transmits light
therethrough and is formed, for example, from glass. As
shown in FIG. 3, pixel electrodes 62a, a common electrode
626 and data lines S1 are formed on a face of the TFT array
substrate 201 which opposes to the opposing substrate 202.
[0065] Further, in the liquid crystal panel 200, the opposing
substrate 202 is a substrate of an insulator which transmits
light therethrough and is formed, for example, from glass
similarly to the TFT array substrate 201. As shown in FIG. 3,
the opposing substrate 202 opposes to the TFT array substrate
201 in a spaced relationship from each other. A color filter
layer 21 is formed on a face of the opposing substrate 202
which opposes to the TFT array substrate 201 as shown in
FIG. 3. Here, the color filter layer 21 includes a red filter layer
21R, a green filter layer 21G and a blue filter layer 21B such
that the three primary colors of red, green and blue form one
set.

[0066] Details of the TFT array substrate 201 which con-
figure the liquid crystal panel 200 are described.
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[0067] FIG. 4 is a plan view schematically showing part of
the TFT array substrate 201 with regard to a pixel P provided
in the pixel region PA in the embodiment 1 according to the
present invention.

[0068] Referring to FIG. 4, different slanting lines are
applied depending upon materials from which the individual
members are configured as shown in alegend. Itis to be noted
that, while, in FIG. 4, subpixels corresponding to the red filter
layer 21R in the pixel P shown in FIG. 3 are shown, also
members of each of subpixels corresponding to the green
filter layer 21G and blue filter layer 21B are formed similarly
as in the case of the subpixel corresponding to the red filter
layer 21R.

[0069] As shown in FIG. 4, in addition to the members
shown in FIG. 3 of the pixel electrodes 624, common elec-
trode 624 and data lines S1, pixel switching elements 31 and
gate lines G1 are formed on the TFT array substrate 201. The
pixel switching elements 31 and the gate lines G1 are formed
on a face of the TFT array substrate 201 which opposes to the
opposing substrate 202.

[0070] Various portions provided on the TFT array sub-
strate 201 are described successively.

[0071] Onthe TFT array substrate 201, through not shown
in FIG. 3, the pixel switching elements 31 are formed on a
face of the TFT array substrate 201 which opposes to the
opposing substrate 202, and are covered with an interlayer
insulating film 60a.

[0072] FIG. 5is asectional view showing a pixel switching
element 31 in the embodiment 1 according to the present
invention.

[0073] As shown in FIG. 5, the pixel switching element 31
includes a gate electrode 45, a gate insulating film 46g and a
semiconductor layer 48 and is formed as a bottom gate type
TFT of a LDD (Lightly Doped Drain) structure.

[0074] In particular, in the pixel switching element 31, the
gate electrode 45 is provided on a face of the TFT array
substrate 201 in such a manner as to oppose to a channel
region 48C of the semiconductor layer 48 through the gate
insulating film 46g as shown in FIG. 5. Here, the gate elec-
trode 45 is formed using a metal material such as, for
example, molybdenum as shown in FIG. 4.

[0075] Further, in the pixel switching element 31, the gate
insulating film 46g is formed in such a manner as to cover the
gate electrode 45 as shown in FIG. 5. Here, the gate insulating
film 46g is formed using an insulating material such as a
silicon oxide film or a silicon nitride film.

[0076] Further, in the pixel switching element 31, the semi-
conductor layer 48 has the channel region 48C formed
thereon in such a manner as to correspond to the gate elec-
trode 45 as shown in FIG. 5, and a pair of source-drain regions
48A and 48B are formed in such a manner as to sandwich the
channel region 48C therebetween. The source-drain regions
48A and 48B in pair have a pair of low concentration impurity
regions 48AL and 48BL formed thereon in such a manner as
to sandwich the channel region 48C therebetween. Further, a
pair of high concentration impurity regions 48AH and 48BH
having a higher impurity concentration than the low concen-
tration impurity regions 48AL and 48BL are formed in such
a manner as to sandwich the low concentration impurity
regions 48AL and 48BL therebetween. Here, the semicon-
ductor layer 48 is formed using a semiconductor material
such as, for example, polycrystalline silicon as shown in FIG.
4, and the source-drain regions 48A and 48B in pair are
provided in a juxtaposed relationship in a direction perpen-
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dicular to the x direction along which the gate lines G1 extend
such that the channel region 48C is sandwiched by the source-
drain regions 48 A and 48B.

[0077] Inthepixel switching element 31, a source electrode
53 is provided so as to be electrically connected to the one
source-drain region 48A while a drain electrode 54 is pro-
vided so as to be connected to the other source-drain region
48A. Further, as shown in FIG. 4, the source electrode 53 is
connected to the data line S1 through a contact (not shown),
and the drain electrode 54 is connected to the pixel electrode
62a through a contact (not shown). Here, the source electrode
53 and the drain electrode 54 are formed using a conductive
material such as aluminum.

[0078] In the TFT array substrate 201, the pixel electrode
62a is formed on the face of the TFT array substrate 201
which opposes to the opposing substrate 202 as shown in FIG.
3.

[0079] Here, the pixel electrode 62a is provided, as shown
in FIG. 3, on an insulating film 60¢ formed from an insulating
material in such a manner as to cover the common electrode
626 on the TFT array substrate 201. For example, the pixel
electrode 62a is formed on the insulating film 60c¢ formed as
a silicon nitride film. This pixel electrode 624 is provided so
as to correspond to the red filter layer 21R, green filter layer
21G and blue filter layer 21B which configure the color filter
layer 21 as shown in FIG. 3. The pixel electrode 62 is a
so-called transparent electrode and is formed using, for
example, ITO.

[0080] Meanwhile, the pixel electrode 62a is electrically
connected to the drain electrode 54 of the pixel switching
element 31 as shown in FIG. 4. The pixel electrode 62a
generates a transverse electric field between the pixel elec-
trode 62a and the common electrode 625 by a potential sup-
plied thereto as an image signal from the pixel switching
element 31 to apply a voltage to the liquid crystal layer 203.
[0081] In the present embodiment, since the liquid crystal
panel 200 is of the FF'S type, the pixel electrode 62a is formed
in a comb-tooth shape in a direction of the xy face of the TFT
array substrate 201 opposing to the opposing substrate 202 as
shown in FIG. 4.

[0082] In particular, the pixel electrode 62a has a trunk
portion 62ak and a branch portion 62ae as shown in FIG. 4.
[0083] In the pixel electrode 62a, the trunk portion 62ak
extends in the x direction as shown in FIG. 4. Here, as shown
in FIG. 4, a plurality of gate lines G1 extending in the x
direction are juxtaposed in a spaced relationship from each
other in the y direction, and two trunk portions 62ak are
provided between the plural gate lines G1 juxtaposed in the y
direction.

[0084] Inthe pixel electrode 62a, the branch portion 62ae is
connected to the trunk portion 62ak and extends in a direction
different from the x direction and the y direction and inclined
with respect to the y direction as shown in FIG. 4. A plurality
of such branch portions 62ae are disposed so as to be juxta-
posed in a spaced relationship from each other in the x direc-
tion as shown in FIG. 4, and the plural branch portions 62ae
are connected at one end portion thereof to the trunk portion
62ak and extend so as to be parallel to each other. In the
present embodiment, a plurality of data lines S1 extending in
a direction different from the x direction and the y direction
and inclined with respect to the y direction are provided and
Juxtaposed in a spaced relationship from each other in the x
direction as shown in FIG. 4. For example, four branch por-
tions 62ae are provided between the plural gate lines G1
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juxtaposed in the y direction. Further, the branch portions
62ae are formed so as to extend in the direction along which
the data lines S1 extend. Here, the branch portions 62ae
preferably extend in a direction inclined within an angular
range equal to or greater than 2° but equal to or smaller than
45° with respect to the y direction, and in the present embodi-
ment, the branch portions 62ae are inclined, for example, at
an angle of 20°.

[0085] 1In the TFT array substrate 201, the common elec-
trode 625 is formed on the face side of the TFT array substrate
201 which opposes to the opposing substrate 202 as shown in
FIG. 3. Here, the common electrode 625 is provided on a
flattening film 605 formed on the TFT array substrate 201. For
example, the common electrode 625 is provided on the flat-
tening film 605 formed from an organic compound such as an
acrylic resin. The common electrode 625 is a so-called trans-
parent electrode and is formed, for example, using ITO. The
common electrode 625 opposes to the plural pixel electrodes
62a provided so as to correspond to the plural pixels P with
the insulating film 60c¢ interposed therebetween. In the
present embodiment, since the liquid crystal panel 200 is of
the FES type, the common electrode 625 is formed solidly so
as to cover the overall area of the pixel region PA in the
direction of the xy plane of the TFT array substrate 201
opposing to the opposing substrate 202.

[0086] On the TFT array substrate 201, each data line S1 is
formed on the face side of the TFT array substrate 201 which
opposes to the opposing substrate 202 as shown in FIG. 3.
Here, the data line S1 is provided on the interlayer insulating
film 60a formed on the TFT array substrate 201.

[0087] Asshown in FIG. 4, the data line S1 is formed using
a metal material such as, for example, aluminum. The data
line S1 is electrically connected to the source electrode 53 of
the pixel switching element 31.

[0088] Further, a plurality of such data lines S1 are pro-
vided in a spaced relationship from each other in the x direc-
tion as shown in FIG. 4. Here, the plural data lines S1 are
provided ina plurality of pixels P in such a manner as to define
the plural pixels P juxtaposed in the X direction.

[0089] In the present embodiment, each data line S1
includes an inclined portion S1%, a horizontal portion S1xand
aleader portion S1/ as shown in FIG. 4, and the data lines S1
are formed in the plural pixels P so as to correspond to the
plural pixels P juxtaposed in the y direction.

[0090] The inclined portion S1% of the data line S1 extends
in a direction different from the x direction and the y direction
and inclined with respect to the y direction in the pixel region
PA as shown in FIG. 4. The inclined portion S1% of the data
line S1 preferably extends in a direction inclined within an
angular range equal to or greater than 2° but equal to or
smaller than 45° in the pixel region PA similarly to the branch
portion 62ae of the pixel electrode 62¢, and in the present
embodiment, the inclined portion S1% is inclined at an angle
of, for example, 20°.

[0091] Further, the horizontal portion Slx of the data line
S1 extends in the x direction in the pixel region PA as shown
in FIG. 4. In particular, the horizontal portion S1x is con-
nected to an upper end portion of the inclined portion S1%4and
extends to the left side in the x direction from the upper end
portion as shown in FIG. 4. Further, the horizontal portion
Slxis connected to alower end portion of the inclined portion
S1% of the data line S1 provided in a subpixel of another
adjacent pixel P. In the present embodiment, the horizontal
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portion Slx is provided in an overlapping relationship with
the gate line G1 provided so as to extend in the x direction as
shown in FIG. 4.

[0092] Further, the leader portion S1/ of the data line S1 is
formed so as to draw a channel shape as shown in FIG. 4. In
particular, the leader portion S1/ first extends from the upper
end portion of the inclined portion S1%to the upper side in the
y direction in the pixel region PA, and extends to the right side
in the x direction, and then extends to the lower side in the y
direction until it is connected to the source electrode 53 of the
pixel switching element 31.

[0093] OntheTFT array substrate 201, though not shown in
FIG. 3, the gate line G1 is formed on a face of the TFT array
substrate 201 such that it is integrated with the gate electrode
45 shown in FIG. 5. In particular, the gate line G1 is electri-
cally connected to the gate electrode 45 of the pixel switching
element 31 as shown in FIG. 4 and formed on the face of the
TFT array substrate 201 on the side which opposes to the
opposing substrate 202, and is covered with the interlayer
insulating film 60a shown in F1G. 3. Here, as shown in FIG.
4, the gate line G1 is formed using a metal material such as,
for example, molybdenum. This gate line G1 extends in the x
direction as shown in FIG. 4, and a plurality of such gate lines
G1 are provided in a spaced relationship from each other in
the y direction in such a manner as to define a plurality of
pixels P juxtaposed in the y direction. The plural gate lines G1
are connected to the vertical driving circuit 11 shown in FIG.
1, and when image display is to be carried out, a scanning
signalis supplied successively to the gate lines G1 to place the
individual pixel switching elements 31 into an on state.
[0094] Details of the opposing substrate 202 which config-
ures the liquid crystal panel 200 described above are
described.

[0095] The color filter layer 21 provided on the opposing
substrate 202 is formed on the face of the opposing substrate
202 which opposes to the TFT array substrate 201 as shown in
FIG. 3. The color filter layer 21 is formed such that the three
primary colors of red, green and blue make one set and
includes a red filter layer 21R, a green filter layer 21G and a
blue filter layer 21B. For example, each of the red filter layer
21R, green filter layer 21G and blue filter layer 21B is formed
by applying application liquid containing a coloring pigment
corresponding to the color and a photoresist material by a
coating method such as a spin coating method to form a
coating film and then carrying patterning working of the
coating film by a lithography technique. Here, for example, a
polyimide resin is used as the photoresist material. Each of
the red filter layer 21R, green filter layer 21G and blue filter
layer 21B is configured such that illuminating light R emitted
from the backlight 300 is colored and transmitted from the
TFT array substrate 201 side to the opposing substrate 202
side. In particular, the red filter layer 21R colors the white
illuminating light R into red, the green filter layer 21G colors
the illuminating light R into green, and the blue filter layer
21B colors the illuminating light R into blue, to transmit the
illuminating light R therethrough.

[0096] FIG. 6 is a plan view showing part of the opposing
substrate 202 in the embodiment 1 according to the present
invention.

[0097] As shown in FIG. 6, the red filter layer 21R, green
filter layer 21G and blue filter layer 21B which configure the
color filter layer 21 are formed so as to be juxtaposed with
each other in the x direction. Here, each portion is formed so
as to correspond to the pixel electrode 62a described herein-
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above, and in the present embodiment, the red filter layer 21R,
green filter layer 21G and blue filter layer 21B extend in a
direction inclined with respect to the y direction similarly to
the branch portion 62ae of the pixel electrode 62a as shown in
FIG. 6.

[0098] Details of the liquid crystal layer 203 which config-
ures the liquid crystal panel 200 described above are
described.

[0099] In the liquid crystal panel 200, the liquid crystal
layer 203 is sandwiched between the TFT array substrate 201
and the opposing substrate 202 as shown in FIG. 3.

[0100] Further, the liquid crystal layer 203 is oriented by
liquid crystal orientation films (not shown) formed on faces of
the TFT array substrate 201 and the opposing substrate 202
which oppose to each other. The liquid crystal layer 203 is
oriented such that the longitudinal direction of liquid crystal
molecules extends along the direction of the xy face along
which the TFT array substrate 201 and the opposing substrate
202 oppose to each other. Here, the liquid crystal layer 203 is
configured using positive type liquid crystal.

[0101] In the present embodiment, the liquid crystal mol-
ecules of the liquid crystal layer 203 are oriented in a direction
different from the x direction and the y direction in the pixel
region PA and inclined with respect to the y direction. In
particular, the liquid crystal molecules of the liquid crystal
layer 203 are oriented so as to be inclined further, for
example, by an angle 6 of 5° from an angle by which the
branch portion 62ae of the pixel electrode 62a and the
inclined portion S1k of the data line S1 are inclined with
respect to the y direction in the pixel region PA. In short, the
liquid crystal layer 203 is subject to an orientation process by
carry out a rubbing process setting the rubbing direction RH
to an angle inclined, for example, by the angle 6 of 5° with
respect to the direction in which the branch portion 62ae of
the pixel electrode 62a and the inclined portion S1% of the
data line S1 extend in the pixel region PA as shown in FIG. 4.
It is to be noted that the angle 6 of the inclination with respect
to the direction in which the branch portion 62ae of the pixel
electrode 62a and the inclined portion S1k of the data line S1
extend in the pixel region PA preferably is within a range
equal to or greater than 2° but equal to or smaller than 45°.
Further, the first polarizing plate 206 is disposed on the light
incoming side of the liquid crystal panel 200 such that the
light transmission axis thereof corresponds to the orientation
direction of the liquid crystal layer 203. Further, the second
polarizing plate 207 is disposed on the light outgoing side of
the liquid crystal panel 200 such that the light transmission
axis thereof extends perpendicularly to the light transmission
axis of the first polarizing plate 206.

[0102] As described above, in the present embodiment, the
branch portion 62ae of the pixel electrode 62a extends in a
direction different from the x direction and the y direction in
the pixel region PA and inclined with respect to the y direc-
tion. Further, the liquid crystal molecules of the liquid crystal
layer 203 are oriented similarly in a direction different from
the x direction and the y direction in the pixel region PA and
inclined with respect to the y direction.

[0103] Therefore, in the present embodiment, when a user
wearing polarizing sunglasses including polarizing elements
having an transmission axis coincident with the x direction or
the y direction in the pixel region PA observes an image
displayed in the pixel region PA through the polarizing ele-
ments, in any of the landscape state and the portrait state, the
transmission axis along which light is transmitted through the
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polarizing elements is not different by a great amount from
the transmission axis along which light is transmitted through
the liquid crystal panel 200 and the second polarizing plate
207. Therefore, according to the present embodiment, the
visibility when the user visually recognizes an image dis-
played on the screen is improved.

[0104] Further, in the present embodiment, also the
inclined portion S1kof the data line S1 extends in a direction
different from the x direction and the y direction in the pixel
region PA and inclined with respect to the y direction simi-
larly to the branch portion 62ae of the pixel electrode 62a.
Here, the inclination angle of the branch portion 62ae of the
pixel electrode 62a and the inclination angle of the inclined
portion S1k of the data line S1 coincide with each other, and
the branch portion 62ae of the pixel electrode 62a and the
inclined portion S1k of the data line S1 extend along the same
direction.

[0105] Therefore, according to the present embodiment,
that a domain through which light is not transmitted is gen-
erated inthe pixel region PA can be suppressed, and therefore,
the light transmittance can be improved and the image quality
can be improved.

[0106] Particularly, in the presentembodiment, the inclined
portion S1% of the data line S1 and the branch portion 62ae of
the pixel electrode 62a extend in a direction inclined within
an angular range equal to or greater than 2° but equal to or
smaller than 45° with respect to the y direction in the pixel
region PA. Where the inclination angle is smaller than 2°, the
effects cannot sometimes be exhibited sufficiently, but where
the inclination angle is greater than 45°, the light transmit-
tance sometimes drops. Therefore, since the transmission
axis along which light is transmitted through the polarizing
element is not different by a great amount from the transmis-
sion axis along which light is transmitted through the liquid
crystal panel 200 and the second polarizing plate 207, this is
more preferable. It is to be noted that, where the transmission
axes are inclined at the angle of 45° with respect to the y
direction in the pixel region PA, this is most preferable
because the transmission axes extend along an intermediate
position between the landscape orientation and the portrait
orientation in which the pixel region PA extends perpendicu-
larly to that in the landscape orientation.

[0107] Further, in the present embodiment, a plurality of
gate lines G1 are provided in a spaced relationship from each
other in the x direction in the plural pixels P in such a manner
as to define sub pixels of the plural pixels P juxtaposed in the
x direction. Further, the plural data lines S1 are not formed so
as to be connected to the plural pixels P juxtaposed in a
direction inclined with respect to the y direction but are pro-
vided in a spaced relationship from each other in the y direc-
tion in the plural pixels P in such a manner as to define the
plural pixels P juxtaposed in the y direction.

[0108] In short, while the center of gravity of the pixel is
maintained, the branch portion 62ae of the pixel electrode
62a and the inclined portion S1% of the data line S1 are
inclined in a direction different from the x direction and the y
direction in the pixel region PA and inclined with respect to
the y direction.

[0109] Therefore, according to the present embodiment,
since it is unnecessary to separately carry out a signal process
for converting a scanning signal and a data signal to allow
display in accordance with the line sequential method,

Jan. 20, 2011

increase of the fabrication cost can be suppressed and
improvement of the image quality can be implemented.

Embodiment 2

[0110] In the following, an embodiment 2 according to the
present invention is described.

[0111] FIG. 7 is a plan view schematically showing part of
aTFT array substrate 201 with regard to a pixel P provided in
a pixel region PA in the embodiment 2 according to the
present invention.

[0112] The present embodiment is different from the
embodiment 1 in the pixel electrode 624 and the data line S1
as shown in FIG. 7. Except this, the present embodiment is
similar to the embodiment 1. Therefore, description of com-
mon components is omitted.

[0113] In the pixel electrode 62a in the present embodi-
ment, the branch portion 62ae is formed so as to be inclined
by an angle greater than that in the case of the embodiment 1
with respect to the y direction as shown in FIG. 7. For
example, the branch portion 62ae is inclined by an angle of
30°.

[0114] Further, the data line S1 in the present embodiment
includes a bent portion S1p in addition to an inclined portion
S1%, a horizontal portion S1x and a leader portion S1% as
shown in FIG. 7.

[0115] Although theinclined portion S14ofthe dataline S1
is formed similarly to that in the embodiment 1 as shown in
FIG. 7, in the present embodiment, the inclined portion S1%1s
inclined at the angle of 30° with respect to the y direction in
the pixel region PA similarly to the branch portion 62ae.
[0116] Further, the horizontal portion Slx of the data line
S1 and the leader portion S1/ of the data line S1 are formed
similarly as in the embodiment 1 as shown in FIG. 7.

[0117] Further, as shown in FIG. 7, the bent portion S1p of
the data line S1 is bent like a staircase in the x direction and
the y direction in such a manner as to be spaced away from
another data line S1 provided so as to correspond to a subpixel
of an adjacent pixel P in the pixel region PA. In particular, the
bent portion S1p extends to the upper side in the y direction
froma left side end portion of the horizontal portion S1x in the
pixel region PA extends to the left side in the x direction from
the point and is connected to a lower end portion of the
inclined portion S1% of the data line S1 provided for another
pixel P positioned adjacent thereto.

[0118] FIG. 8is a plan view schematically showing part of
the TFT array substrate 201 with regard to a pixel P provided
in the pixel region PA where the data line S1 is formed
without providing the bent portion S1p in the embodiment 2
according to the present invention.

[0119] In the case wherein the branch portion 62ae of the
pixel electrode 624 is inclined by a great angle with respect to
the y direction as in the present embodiment, where the data
line S1 is formed without providing the bent portion S1p, it
becomes likely to contact with another data line S1 provided
so as to correspond to a subpixel of an adjacent pixel P in the
pixel region PA. In this instance, a malfunction or the like
occurs, and the image quality sometimes drops.

[0120] Therefore, in the present embodiment, the data line
S1 is formed so as to include the bent portion S1p as shown in
FIG. 7.

[0121] Accordingly, in the present embodiment, it is pos-
sible to incline the inclined portion S1% of the data line S1 and
the branch portion 62ae of the pixel electrode 62a to an angle
proximate to 45° with respect to the y direction in the pixel



US 2011/0012821 Al

region PA. Further, since the restriction to the inclination
angle disappears, the visibility can be improved further and it
can be prevented readily that the data line S1 contacts with
another data line S1, occurrence of the fault that the image
quality deteriorates can be prevented.

Embodiment 3

[0122] Inthe following, an embodiment 3 according to the
present invention is described.

[0123] FIG.9is a plan view schematically showing part of
aTFT array substrate 201 with regard to a pixel P provided in
a pixel region PA in the embodiment 3 according to the
present invention.

[0124] The present embodiment is different from the
embodiment 1 in the pixel electrode 62a and the data line S1
as shown in FIG. 9. Except this, the present embodiment is
similar to the embodiment 1. Overlapping description of
common components is omitted.

[0125] In the data line S1 in the present embodiment, the
inclined portion S1kincludes a first inclined portion S1ka and
a second inclined portion S1kb as shown in FIG. 9.

[0126] Here, the first inclined portion Slka extends in a
direction different from the x direction and the y direction in
the pixel region PA and inclined with respect to the y direction
as shown in FIG. 9. This first inclined portion S1ka extends
from a lower end portion to a central portion of the pixel P.
Further, the first inclined portion S1ka preferably extends in a
direction inclined within an angular range equal to or greater
than 2° but equal to or smaller than 45° with respect to the y
direction in the pixel region PA. In the present embodiment,
the first inclined portion S1ka is inclined at an angle of, for
example, 25°.

[0127] Meanwhile, the second inclined portion S1ib
extends in a direction different from the x direction and the y
direction in the pixel region PA and different from the exten-
sion direction in which the first inclined portion S1ka extends
as shown in FIG. 9. This second inclined portion S145 extends
from a central portion to an upper end portion of the pixel P.
This second inclined portion Slka preferably extends in a
direction inclined within an angular range equal to or greater
than 2° but equal to or smaller than 45° with respect to the y
direction in the pixel region PA. In the present embodiment,
the second inclined portion S1%b is inclined by an angle of,
for example, 15°.

[0128] Further, in the pixel electrode 624 in the present
embodiment, the branch portion 62ae is formed so as to
extend along a direction along which the first inclined portion
Slka and the second inclined portion S1kb of the inclined
portion S1k extend as shown in FIG. 9. In short, the branch
portion 62ae is inclined, within a range from a lower end
portion to a central portion of the pixel P, at an angle of, for
example, 25° with respect to the y direction similarly to the
first inclined portion S1ka. Then, the branch portion 62ae is
inclined, within a range from a central portion to an upper end
portion of the pixel P, at an angle of, for example, 15° with
respect to the y direction similarly to the second inclined
portion S1kb.

[0129] Further, in the present embodiment, the liquid crys-
tal layer 203 is subject to an orientation process by carrying
out a rubbing process setting the rubbing direction to a direc-
tion inclined by an angle of 5° in absolute value with respect
to the extension direction of the first inclined portion S1ka
and the extension direction of the second inclined portion
S14b as shown in FIG. 9. In short, the liquid crystal layer 203
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is subject to an orientation process by carrying out a rubbing
process so that the angle 61 between the extension direction
of the first inclined portion S1ka and the rubbing direction and
the angle 62 between the extension direction of the second
inclined portion S145 and the rubbing direction may be equal
to each other (in short, 61=62).

[0130] By providing the components in such a manner as
described above, in the present embodiment, the liquid crystal
panel 200 is formed so as to have a dual domain structure.
[0131] As described above, the liquid crystal panel 200 in
the present embodiment has a dual domain structure wherein
two domains are included ina pixel P, and the inclined portion
S1kofthe data line S1 includes the first inclined portion S1ka
and the second inclined portion S1kb whose inclination
angles with respect to the y direction are different from each
other and the first inclined portion Slka and the second
inclined portion S14b are provided so as to correspond to one
pixel P in the pixel region PA. Further, the branch portion
62ae of the pixel electrode 62a is formed such that it extends
along a direction along which the first inclined portion S1ka
and the second inclined portion S1%b extend.

[0132] Therefore, since, in the present embodiment, that a
domain through which light is not transmitted appears in the
pixel region PA can be suppressed similarly as in the embodi-
ment 1, thelight transmittance can be improved and the image
quality can be improved.

Embodiment 4

[0133] Inthe following, an embodiment 4 according to the
present invention is described.

[0134] FIG. 10is aplan view schematically showing part of
aTFT array substrate 201 with regard to a pixel P provided in
a pixel region PA in the embodiment 4 according to the
present invention. FIG. 10 shows two pixels P provided in an
even-numbered row and an odd-numbered row among the
pixels P juxtaposed in the y direction.

[0135] The present embodiment is different from the
embodiment 1 in a pixel electrode 62a and a data line S1 as
shown in FIG. 10. Except this, the present embodiment is
similar to the embodiment 1. Therefore, overlapping descrip-
tion of common components is omitted.

[0136] In the data line S1 in the present embodiment, the
inclined portion S1% of the data line S1 includes a first
inclined portion S1ka and a second inclined portion S14b as
shown in FIG. 10.

[0137] Here, the first inclined portion Slka is provided in
those of the pixels P juxtaposed in the y direction which
belong to one ofan even-numbered row and an odd-numbered
row. For example, the first inclined portion S1ka is provided
s0 as to correspond to an odd-numbered row. Further, the first
inclined portion S1ka extends in a direction different from the
x direction and the y direction in the pixel region PA and
inclined with respect to the y direction. This first inclined
portion S1ka extends, for example, from a lower end portion
to an upper end portion of a pixel P in an odd-numbered row.
Further, the first inclined portion S1ka preferably extends in a
direction inclined within an angular range equal to or greater
than 2° but equal to or smaller than 45° with respect to the y
direction in the pixel region PA. In the present embodiment,
the first inclined portion S1ka is inclined at an angle of, for
example, 25°.

[0138] Meanwhile, the second inclined portion S24b is pro-
vided on those of the pixels P juxtaposed in the y direction
which belong to one of an even-numbered row and an odd-
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numbered row as shown in FIG. 10. For example, where the
first inclined portion Slka is provided so as to correspond to
an odd-numbered row, the second inclined portion S2kb is
provided so as to correspond to an even-numbered row. Fur-
ther, the second inclined portion S1kb extends in a direction
different from the x direction and the y direction in the pixel
region PA and different from the extension direction in which
the first inclined portion S1ka described above extends. This
second inclined portion S1k5 extends, for example, from a
lower end portion to an upper end portion of a pixel P in an
even-numbered row. Further, this second inclined portion
S1kb preferably extends in a direction inclined within an
angular range equal to or greater than 2° but equal to or
smaller than 45° with respect to the y direction in the pixel
region PA. In the present embodiment, the second inclined
portion S14b is inclined at an angle of, for example, 15°.

[0139] Further, in the pixel electrode 62a of the present
embodiment, the branch portion 62ae is formed so as to
extend along the direction in which the first inclined portion
S1ka and the second inclined portion 81k of the inclined
portion S1k extend. In particular, the branch portion 62ae is
inclined, in a pixel P which corresponds to an odd-numbered
row from among a plurality of pixels P juxtaposed in the y
direction, at an angle of, for example, 25° with respect to the
y direction similarly to the first inclined portion Slka. Fur-
ther, the branch portion 62ce is inclined, in a pixel P which
corresponds to an even-numbered row from among the plural
pixels P juxtaposed in the y direction, at an angle of, for
example, 15° with respect to the y direction similarly to the
second inclined portion S1%b.

[0140] Further, in the present embodiment, the liquid crys-
tal layer 203 is subject to an orientation process by carrying
out a rubbing process in a direction inclined at an angle of 5°
in absolute value with respect to the extension direction of the
first inclined portion S1ka and the extension direction of the
second inclined portion S1kb. In short, the liquid crystal layer
203 is subject to an orientation process by carrying out a
rubbing process so that the angle 01 between the extension
direction of the first inclined portion Slka and the rubbing
direction and the angle 02 between the extension direction of
the second inclined portion S1kb and the rubbing direction
may be equal to each other (in short, 01=02).

[0141] By providing the components in such a manner as
described above, in the present embodiment, the liquid crystal
panel 200 is formed so as to have a pseudo dual domain
structure.

[0142] As described above, the liquid crystal panel 200 in
the present embodiment has a pseudo dual domain structure
wherein domains are different between two different pixels P
adjacent each other, and the inclined portion S1% of the data
line S1 includes the first inclined portion S1ka and the second
inclined portion S1kb whose inclination angles with respect
to the y direction are different from each other. Further, the
first inclined portion S14a and the second inclined portion
S1kb are disposed such that they are juxtaposed alternately
with each other in a plurality of pixels P juxtaposed in the y
direction in the pixel region PA. Further the branch portion
62ae of the pixel electrode 62¢ is formed such that it extends
in the direction in which the first inclined portion S1ka and the
second inclined portion S14b extend.

[0143] Therefore, since, in the present embodiment, that a
domain through which light is not transmitted appears in the
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pixel region PA can be suppressed similarly as in the embodi-
ment 1, thelight transmittance can be improved and the image
quality can be improved.

[0144] In carrying out the present invention, the present
invention is not limited to the embodiments described above,
but various modified forms can be adopted.

[0145] For example, while, in the embodiments described
above, the gate line G1 is formed so as to extend in the x
direction while the data line S1 is not formed so as to extend
in the y direction but is formed in an inclined relationship, the
present invention is not limited to this. Similar effects can be
achieved also where, for example, the gate line G1 is not
formed so as to extend in the x direction but is formed in an
inclined relationship while the data line S1 is formed so as to
extend along the y direction. Also where the gate line G1 is
formed in an inclined relationship with respect to the x direc-
tion and the data line S1 is formed in an inclined relationship
withrespect to the y direction, similar effects can be achieved.
[0146] Further, for example, in the embodiments described
above, the branch portion 62ae of the pixel electrodes 62a is
formed so as to extend along the direction along which the
inclined portion S1kof the data line S1 extends. In short, it is
described that the inclination angle of the inclined portion
S1%of the data line S1 and the inclination angle ofthe branch
portion 62ae of the pixel electrode 624 are made coincide
with each other. However, the present invention is not limited
to this, and the inclination angle of the data line S1 and the
inclination angle of the branch portion 62ae of the pixel
electrode 62a may not coincide with each other. However, in
order to suppress appearance of a domain through which light
is not transmitted, it is preferable to make the inclination
angle of the inclined portion S1% of the data line S1 and the
inclination angle of the branch portion 62ae of the pixel
electrode 62a coincide with each other. Further, while, in the
embodiments described above, positive type liquid crystal is
used for the liquid crystal layer 203, the present invention is
not limited to this, and negative type liquid crystal may be
used for configuration of the liquid crystal layer 203. In this
instance, the present invention can be applied by reversing the
orientation axis by 90°. For example, in FIG. 4, a direction,
for example, inclined downwardly by an angle of 5° with
respect to the x direction is used as the orientation direction
(rubbing direction).

[0147] Further, for example, in the present embodiment,
the pixel switching element 31 described above is configured
as a thin film transistor of the bottom gate type, the present
invention is not limited to this. For example, the pixel switch-
ing element 31 may be configured using a thin film transistor
of the top gate type.

[0148] Further, for example, in the embodiments described
above, the present invention is applied to the FFS type, the
present invention is not limited to this. For example, the
present invention can be applied, for example, to the IPS
(In-Plane-Switching) type.

[0149] Further, the liquid crystal display apparatus 100 of
the present embodiment can be applied as a part of various
electronic apparatus. For example, the liquid crystal display
apparatus 100 can be applied to such electronic apparatus as
a digital still camera and a video camera.

[0150] Itis to be noted that, in the embodiments described
above, the liquid crystal display apparatus 100 corresponds to
the display apparatus of the present invention. Further, in the
embodiments described above, the liquid crystal panel 200
corresponds to the display panel in the present invention.
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Further, in the embodiments described above, the liquid crys-
tal layer 203 corresponds to the liquid crystal layer in the
present invention. Further, in the embodiments described
above, the pixel electrode 62a corresponds to the pixel elec-
trode in the present invention. Further, in the embodiments
described above, the trunk portion 62ak corresponds to the
trunk portion in the present invention. Further, in the embodi-
ments described above, the branch portion 62ae corresponds
to the branch portion in the present invention. Further, in the
embodiments described above, the common electrode 625
corresponds to the common electrode in the present inven-
tion. Further, in the embodiments described above, the gate
line G1 corresponds to the first wire line in the present inven-
tion. Further, in the embodiments described above, the data
line S1 corresponds to the second wire line in the present
invention. Further, in the embodiments described above, the
inclined portion S1% corresponds to the inclined portionin the
present invention. Further, in the embodiments described
above, the first inclined portion S1ka corresponds to the first
inclined portion in the present invention. Further, in the
embodiments described above, the second inclined portion
S1kb corresponds to the second inclined portion in the present
invention. Further, in the embodiments described above, the x
direction corresponds to the first direction in the present
invention. Further, in the embodiments described above, the y
direction corresponds to the second direction in the present
invention. Further, in the embodiments described above, the
pixel region PA corresponds to the pixel region in the present
invention. Furthermore, in the embodiments described above,
the pixel P corresponds to the pixel in the present invention.
1. A liquid crystal display apparatus wherein, in a pixel
region of a liquid crystal panel in which a plurality of pixels
are provided in a matrix in a first direction and a second
direction perpendicular to the first direction, a pixel electrode
and a common electrode apply a transverse electric field to a
liquid crystal layer such that an image is displayed in said
pixel region with light emitted through said liquid crystal
layer and a polarizing plate, wherein:
said liquid crystal panel has
a plurality of first wire lines disposed in a spaced relation-
ship from each other in the second direction with regard
to the plural pixels so as to define the plural pixels
Juxtaposed in the second direction; and
a plurality of second wire lines disposed in a spaced rela-
tionship from each other in the first direction with regard
to the plural pixels so as to define the plural pixels
Juxtaposed in the first direction;
each of said second wire lines includes
an inclined portion extending in a direction different from
the first direction and the second direction in said pixel
region and inclined with respect to the second direction;
said pixel electrode includes
a trunk portion extending in the first direction; and
a branch portion connected to said trunk portion and
extending in a direction different from the first direction
and the second direction in said pixel region and inclined
with respect to the second direction; and
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a plurality of such branch portions are provided in a spaced
relationship from each other in the first direction; and
said liquid layer includes liquid crystal molecules orien-
tated in an inclined relationship with respect to the first
direction or the second direction in said pixel region.
2. The liquid crystal display apparatus according to claim
1, wherein
the image displayed with the light emitted through said
liquid crystal layer and said polarizing plate in said pixel
region is visually observed through a polarizing element
whose transmission axis coincides with the first direc-
tion or the second direction.
3. The liquid crystal display apparatus according to claim
2, wherein the branch portions extend along a direction along
which the inclined portions of said second wire lines extend.
4. The liquid crystal display apparatus according to claim
3, wherein each of the inclined portions of said second wire
lines and the branch portions extends in a direction inclined
within an angular range equal to or greater than 2° but equal
to or smaller than 45° with respect to the second direction in
said pixel region.
5. The liquid crystal display apparatus according to claim
4, wherein each of the inclined portions of said second wire
lines and the branch portions extends in a direction inclined at
the angle of 45° with respect to the second direction in said
pixel region.
6. The liquid crystal display apparatus according to claim
5, wherein each of the second wire lines includes a bent
portion bent like a staircase in the first direction and the
second direction so as to be spaced away from another second
wire line provided so as to correspond to another adjacent
pixel in said pixel region.
7. The liquid crystal display apparatus according to claim
3, wherein each of the inclined portions of said second wire
lines includes
a first inclined portion extending in a third direction differ-
ent from the first direction and the second direction; and
a second inclined portion extending in a fourth direction
different from the first direction, second direction and
third direction; and
said first inclined portion and said second inclined portion
are formed so as to correspond to one pixel in said pixel
region.
8. The liquid crystal display apparatus according to claim
3, wherein each of the inclined portions of said second wire
lines includes
a first inclined portion extending in a third direction differ-
ent from the first direction and the second direction; and
a second inclined portion extending in a fourth direction
different from the first direction, second direction and
third direction; and
said first inclined portion and said second inclined portion
aredisposed alternately in the plural pixels juxtaposed in
the second direction in said pixel region.
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