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A first substrate includes first and second gate lines extending
in a first direction. First, second, and third source lines respec-
tively extend in a second direction orthogonally crossing the
first direction and crossing the first and second gate lines. A
first pixel electrode is arranged adjoining the first source line
and extends in the second direction. A second pixel electrode
is arranged adjoining the third source line and extends in the
second direction. A second substrate includes a common
electrode arranged above the second source line extending in
the second direction between the first source line and the third
source line. The first and second source lines, the first and
second gate lines, and the first pixel electrode form a first
pixel, and the second and the third source lines, the first and
second gate lines, and the second pixel electrode form a
second pixel.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2012-109559 filed May 11, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] In recent years, a flat panel display is developed
briskly. Especially, the liquid crystal display device gets a lot
of attention from advantages, such as light weight, thin shape,
and low power consumption. In an active matrix type liquid
crystal display device equipped with a switching element in
each pixel, structures using lateral electric field, such as IPS
(In-Plane Switching) mode and FFS (Fringe Field Switching)
mode, attract attention. The liquid crystal display device
using the lateral electric field mode is equipped with pixel
electrodes and a common electrode formed in an array sub-
strate, respectively. Liquid crystal molecules are switched by
the lateral electric field substantially in parallel with the prin-
cipal surface of the array substrate.

[0004] On the other hand, another technique is also pro-
posed, in which the liquid crystal molecules are switched
using the lateral electric field or an oblique electric field
between the pixel electrode formed in the array substrate and
the common electrode formed in a counter substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are incorpo-
rated in and constitute a portion of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0006] FIG.11is a figure schematically showing a structure
and the equivalent circuit of a liquid crystal display device
according to one embodiment.

[0007] FIG. 2A is a plan view schematically showing a
structure of two pixels arranged in a first direction when a
display panel shown in FIG. 1 is seen from a counter substrate
side according to a first embodiment.

[0008] FIG. 2B is a view showing an alignment treatment
direction.
[0009] FIGS.2C and 2D are views showing polarizing axis

directions of polarization plates.

[0010] FIG.3isacross-sectional view schematically show-
ing the structure of the liquid crystal display panel taken along
line shown in FIG. 2A.

[0011] FIG.4isaview showing a waveform ofa sourceline
when displaying a white color window in a center of a gray
level display screen.

[0012] FIG.5is a view showing the screen when the white
color window is displayed in the center of the gray level
display screen.

[0013] FIG. 6 is a plan view schematically showing an
arrangement of the pixels in an active area according to a
second embodiment.
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[0014] FIG. 7 is a plan view schematically showing an
arrangement of four pixels shown in FIG. 6 in more detail.

DETAILED DESCRIPTION

[0015] A liquid crystal display device according to an
exemplary embodiment of the present invention will now be
described with reference to the accompanying drawings
wherein the same or like reference numerals designate the
same or corresponding portions throughout the several views.
[0016] According to one embodiment, a liquid crystal dis-
play device includes: a first substrate including; a first gate
line and a second gate line extending in a first direction, a first
source line, a second source line and a third source line
respectively extending in a second direction orthogonally
crossing the first direction and crossing the first and second
gate lines, a first pixel electrode arranged adjoining the first
source line and extending in the second direction, a second
pixel electrode arranged adjoining the third source line and
extending in the second direction, a second substrate includ-
ing a common electrode arranged above the second source
line extending in the second direction between the first source
line and the third source line; and a liquid crystal layer held
between the first substrate and the second substrate; wherein
the first and second source lines, the first and second gate
lines, and the first pixel electrode form a first pixel, and the
second and the third source lines, the first and second gate
lines, and the second pixel electrode form a second pixel.
[0017] FIG. 11s a figure schematically showing a structure
and the equivalent circuit of a liquid crystal display device
according to one embodiment.

[0018] The liquid crystal display device includes an active-
matrix type liquid crystal display panel LPN. The liquid crys-
tal display panel L.PN is equipped with an array substrate AR
as a first substrate, a counter substrates CT as a second sub-
strate arranged opposing the array substrate AR, and a liquid
crystal layer LQ held between the array substrate AR and the
counter substrate CT. The liquid crystal display panel LPN
includes an active area ACT which displays images. The
active area ACT is constituted by a plurality of pixels PX
arranged in the shape of a (mxn) matrix (here, “m” and “n” are
positive integers).

[0019] The liquid crystal display panel LPN is equipped
with “n” gate lines G (G1-Gn), “n” auxiliary capacitance lines
C (C1-Cn), “m” sourcelines S (S1-Sm), etc., in the active area
ACT. The gate line G and the auxiliary capacitance line C
linearly extend in a first direction X, respectively. The gate
line G and the auxiliary capacitance line C are arranged in
turns along a second direction Y that orthogonally intersects
the first direction X apart from each other. The source lines S
cross the gate line G and the capacitance line C. The source
lines S extend linearly in the second directionY, respectively.
The gate line G, the auxiliary capacitance line C and the
source lines S do not necessarily extend linearly, and a portion
thereof may be crooked partially.

[0020] Each gate line G is pulled out to the outside of the
active area ACT and connected to a gate driver GD. Each
source line S is pulled out to the outside of the active area ACT
and connected to a source driver SD. Atleast a portion of the
gate driver GD and the source driver SD is formed in the array
substrate AR, for example, and connected with the driver IC
chip 2 provided in the array substrate AR and having an
implemented controller.

[0021] Each pixel PX includes a switching element SW, a
pixel electrode PE, a common electrode CE, etc. Retention
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capacitance Cs is formed, for example, between the auxiliary
capacitance line C and a semiconductor layer of the switching
element SW. The auxiliary capacitance line C is electrically
connected with a voltage impressing portion VCS to which an
auxiliary capacitance voltage is impressed.

[0022] In addition, in the liquid crystal display panel LPN
according to this embodiment, while the pixel electrode PE is
formed in the array substrate AR, at least a portion of the
common electrode CE is formed in the counter substrate CT.
Liquid crystal molecules of the liquid crystal layer LQ are
switched mainly using an electric field formed between the
pixel electrode PE and the common electrode CE. The electric
field formed between the pixel electrode PE and the common
electrode CE is an oblique electric field slightly oblique with
respect to the principle surfaces of the substrates or a lateral
electric field substantially in parallel with the principal sur-
face of the array substrate AR or the counter substrate CT.
[0023] The switching element SW is constituted by an n
channel type thin film transistor (TFT), for example. The
switching element SW is electrically connected with the gate
line G and the source line S. The switching element SW may
be either a top-gated type or a bottom-gated type. Though the
semiconductor layer is formed of poly-silicon, the semicon-
ductor layer may be formed of amorphous silicon.

[0024] The pixel electrode PE is arranged in each pixel PX
and electrically connected with the switching element SW.
The common electrode CE of common potential is arranged
in common to the plurality of pixel electrodes PE through the
liquid crystallayer L.Q. Though the pixel electrode PE and the
common electrode CE are formed of light transmissive con-
ductive materials such as Indium Tin Oxide (ITO), Indium
Zinc Oxide (IZ0O), etc., other materials such as aluminum
may be used.

[0025] The array substrate AR includes an electric power
supply portion VS formed outside of the active area ACT for
impressing a voltage to the common electrode CE. Further-
more, the common electrode CE is drawn to outside of the
active area ACT and electrically connected with an electric
power supply portion VS formed in the array substrate AR
through an electrically conductive component which is not
illustrated.

[0026] FIG. 2A is a plan view schematically showing a
structure of two pixels arranged in the first direction when the
display panel shown in FIG. 1 is seen from a counter substrate
side according to a first embodiment. Herein, a plan view ina
X-Y plane is shown.

[0027] Each of the illustrated pixels PX has the shape of a
rectangle whose length in the first direction X is shorter than
the length in the second direction Y, as shown with a chain
line. The gate line G1 and the gate line G2 extend along the
first direction X. The source line S1 and the source line S3
extend along a second direction Y. The pixel electrode PE is
arranged, respectively, between the adjoining source line S1
and source line S2, and between the adjoining source line S2
and source line S3. Moreover, the pixel electrode PE is
arranged between the gate line G1 and the gate line G2.
[0028] In this embodiment, the pixel PX includes a first
pixel PX1 in which a first pixel electrode PE1 is arranged, and
a second pixel PX2 in which a second pixel electrode PE2 is
arranged. The first pixel PX1 and the second pixel PX2 are
arranged along the first direction X.

[0029] In the first pixel PX1, the source line S1 is arranged
at the left-hand side end, and the source line S2 is arranged at
the right-hand side end. Precisely, the source line S1 is
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arranged striding over a boundary between the first pixel PX1
and an adjoining pixel PX on its left-hand side, and the source
line S2 is arranged striding over a boundary between the first
pixel PX1 and the adjoining second pixel PX2 on its right-
hand side.

[0030] In the second pixel PX2, the source line S2 is
arranged at the left-hand side end, and the source line S3 is
arranged at the right-hand side end. Precisely, the source line
S2 is arranged striding over a boundary between the second
pixel PX2 and the first pixel PX arranged on its left-hand side.
The source line S3 is arranged striding over a boundary
between the second pixel PX2 and a pixel adjoining the
second pixel on its right-hand side.

[0031] Moreover, the gate line G1 is arranged along an
upper end of the first pixel PX1 and the second pixel PX2, and
the gate line G2 is arranged at a bottom end of the first pixel
PX1 and the second pixel PX2. Strictly, the gate line G1 is
arranged striding over a boundary between pixels adjoining
the first pixel PX1 and the second pixel PX2 on its upper side,
and the gate line G2 is arranged striding over a boundary
between pixels adjoining the first pixel PX1 and the second
pixel PX2 on its bottom side.

[0032] The auxiliary capacitance line C 1 is arranged
between the gate line G1 and the gate line G2 adjacent to the
gate line G2 and extends in the first direction X. Further, the
auxiliary capacitance line C1 is branched along the source
line S1 and the source line S3, and extends toward the gate
line G1.

[0033] In addition, in this embodiment, the auxiliary
capacitance line C is used also as a shading layer which
shades the boundary between the pixels PX. By preparing the
shading layer in the array substrate 10, it is avoidable that an
aperture ratio falls due to assembling shift when pasting the
counter substrate CT and the array substrate 10 together.
Moreover, influence of electric field leak from the source
lines arranged on the auxiliary capacitance line C to align-
ment of liquid crystal molecules can be suppressed by
impressing the same voltage as the common electrode CE to
the auxiliary capacitance line C.

[0034] The switching element SW switches an electrical
connection between the source line S arranged on one side of
the pixel electrode PE and the pixel electrode PE in the first
direction X. The switching element SW is equipped with a
gate electrode EG, a source electrode ES, a drain electrode
ED, and a semiconductor layer PS. The gate electrode EG is
electrically connected with a corresponding gate line G (or
integrally formed). The source electrode ES is electrically
connected with a corresponding source line S (or formed
integrally). The drain electrode ED is electrically connected
with a corresponding pixel electrode PE (or formed inte-
grally). One end of the semiconductor layer PS is electrically
connected with the source line S, and the other end thereof is
electrically connected with the pixel electrode PE. Further,
the semiconductor layer PS counters the gate electrode EG
through a gate insulating film (not shown) between one end
and the other end. In the illustrated example, the semiconduc-
tor layer PS counters the gate electrode EG through the gate
insulating film at two portions.

[0035] The switching element SW of the first pixel PX1 is
electrically connected with the gate line G2 and the source
line S1 in the illustrated example. The switching element SW
is formed near an intersection of the gate line G2 with the
source line S1.
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[0036] The source electrode ES of the switching element
SW is electrically connected with the source line S1 (or
integrally formed), and connected with the semiconductor
layer PS in a contact hole CH3 on an adjacent pixel side
beyond the gate line G2.

[0037] The gate electrode EG of the switching element SW
is electrically connected with the gate line G2 (or formed
integrally), and counters the semiconductor layer PS at two
portions extending in the second direction Y. That is, the
switching element SW is a double gated switching element.

[0038] In the switching element SW of the first pixel PX1,
one end of the semiconductor layer PS, which is electrically
connected with the pixel electrode PE, extends along with the
source line S1 and also extends under a branched auxiliary
capacitance line C1. The semiconductor layer PS is arranged
so as to overlap with the auxiliary capacitance line C1 extend-
ing to near the gate line G1.

[0039] The semiconductor layer PS is electrically con-
nected with a contact electrode EC in a contact hole CH1
formed near the gate line G2. The contact electrode EC is
electrically connected with the pixel electrode PE in a contact
hole CH2 formed near the gate line G2.

[0040] The switching element SW of the second pixel PX2
is electrically connected with the gate line G2 and the source
line S2 in the illustrated example. The switching element SW
is formed in an intersection of the gate line G2 with the source
line S2.

[0041] The source electrode ES of the switching element
SW is electrically connected with the source line S2 (or
integrally formed), and connected with the semiconductor
layer PS ina contact hole on an adjacent pixel side beyond the
gate line G2.

[0042] In the switching element SW of the second pixel
PX2, one end of the semiconductor layer PS, which is elec-
trically connected with the pixel electrode PE, extends along
with the source line S3 and also extends under the branched
auxiliary capacitance line C1. The semiconductor layer PS is
arranged so as to overlap with the auxiliary capacitance line
C1 extending to near the gate line G1.

[0043] The semiconductor layer PS is electrically con-
nected with a contact electrode EC in the contact hole CH1
formed near the gate line G2. The contact electrode EC is
electrically connected with the pixel electrode PE in the con-
tact hole CH2 formed near the gate line G2.

[0044] The switching element SW is formed in a region
which overlaps with the source line S and the main pixel
electrode PA, and controls reduction of aregion of an aperture
portion which contributes to a display.

[0045] Thepixel electrode PE is equipped with a main pixel
electrode PA and a contact portion PC electrically connected
mutually. The main pixel electrode PA linearly extends along
the second directionY from the contact portion PC to near the
upper end of the pixel PX. The main pixel electrode PA is
formed in the shape of a belt with a uniform width along the
first direction X.

[0046] The contact portion PC is electrically connected
with a contact electrode EC and the semiconductor layer PS
of the switching element SW in the contact holes CH1 and
CH2. The contact portion PC is formed more broadly than the
main pixel electrode PA.

[0047] In this embodiment, the main pixel electrode PA of
the first pixel electrode PE1 is arranged along the second
direction Y nearthe source line S1 connected with the switch-
ing element SW of the first pixel PX1. The main pixel elec-
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trode PA of the second pixel electrode PE2 is arranged along
the second direction Y near the source line S3 which is not
connected with the switching element SW of the second pixel
PX2.

[0048] That is, the main pixel electrode PA of the first pixel
electrode PE1 is arranged along the source line S1 on one side
of the first direction X, and the main pixel electrode PA of the
second pixel electrode PE2 is arranged along the source line
S3 on the other side of the first direction X.

[0049] That s, on both sides of the source line S1 in the first
direction X, the main pixel electrode PA on a lefi-hand side
pixel and the main pixel electrode PA of the first pixel PX1 on
the right-hand side extend in the second direction Y, respec-
tively. The main pixel electrode PA is not arranged on both
sides of the source line S2 in the first direction X. On the both
sides of the source line S3 in the first direction X, the main
pixel electrode PA of the second pixel PX2 on the left-hand
side and the main pixel electrode PA on the right-hand side
pixel extend in the second direction Y, respectively.

[0050] The shield layer SLD is arranged so that the shield
layer SLD may counter with the source line S2 while facing
the gate lines G1 and G2. Namely, the shield layer SLD
counters the source line S2 in which the main pixel electrodes
PA are not arranged on the both sides thereof, and the gate
lines G1 and G2. The shield layers SLD is set to the same
potential as the common electrode CE.

[0051] The common electrode CE is equipped with the
main common electrode CA. In the X-Y plane, the main
common electrode CA is arranged between the main pixel
electrodes PA with a predetermined gap, and extends in the
second direction Y in parallel with the main pixel electrode
PA. That is, while the main common electrode CA counters
with the source line S in which the main pixel electrodes PA
are not arranged on the both sides, the main common elec-
trode CA extends substantially in parallel with the main pixel
electrode PA in the X-Y plane. The main common electrode
CA is formed in the shape of a belt with a uniform width along
the first direction X.

[0052] In this embodiment, the main common electrode
CA is arranged striding over a boundary between the first
pixel PX1 and the second pixel PX2. The main common
electrode CA counters with the source line S2. In the active
area or out of the active area, the main common electrode CA
is electrically connected with other main common electrodes
each other.

[0053] In the first pixel PX1, the main common electrode
CA is arranged at the right-hand side end. Strictly, the main
common electrode CA is arranged striding over a boundary
between the first pixel PX1 and the second pixel PX2 adjoin-
ing on its right-hand side.

[0054] If its attention is paid to a positional relationship
between the pixel electrode PE and the main common elec-
trode CA of the first pixel PX1, the main pixel electrode PA is
arranged at the left-hand side end of the first pixel PX1, and
the main common electrode CA is arranged at the right-hand
side end of the first pixel PX1. The main pixel electrode PA
and the main common electrode CA are arranged substan-
tially in parallel each other. At this time, the main common
electrode CA does not overlap with the pixel electrode PE in
the X-Y plane.

[0055] In the second pixel PX2, the main common elec-
trode CA is arranged at the left-hand side end. Strictly, the
main common electrode CA is arranged striding over a
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boundary between the first pixel PX2 and the first pixel PX1
adjoining on its left-hand side.

[0056] If its attention is paid to a positional relationship
between the pixel electrode PE and the main common elec-
trode CA of the second pixel PX2, the main pixel electrode PA
is arranged at the right-hand side end of the second pixel PX
2, and the main common electrode CA is arranged at the
left-hand side end of the second pixel PX2. The main pixel
electrode PA and the main common electrode CA are
arranged substantially in parallel each other. At this time, the
main common electrode CA does not overlap with the pixel
electrode PE in the X-Y plane.

[0057] That is, one main common electrode CA is located
between the adjoining main pixel electrodes PA of the first
pixel PX1 and second pixel electrode PX2. The main pixel
electrodes PA of the first pixel PX1 and the second pixel PX2
are arranged sandwiching the main common electrode CA.
For this reason, the main pixel electrode PA of the first pixel
PX1, the main common electrode CA, and the main pixel
electrode PA of the second pixel PX2 are arranged from the
left side to the right side along the first direction X in this
order.

[0058] The respective intervals in the first direction X
between the main pixel electrodes PA and the main common
electrode CA are substantially uniform. That is, the interval
between the main common electrode CA and the main pixel
electrode PA of'the first pixel PX1 is substantially the same as
the interval between the main common electrode CA and the
main pixel electrode PA of the second pixel PX2 in the first
direction X.

[0059] In this embodiment, a shield layer CSL is arranged
facing the source lines S1 and S3. The shield layer CSL is
arranged facing the source line S in which the main pixel
electrodes PA are arranged on the both sides thereof in the first
direction X. The shield layer CSL is arranged in the same
layer as the common electrode CE and simultaneously
formed with the same material as the common electrode CE.
[0060] FIG.3isacross-sectional view schematically show-
ing the structure of the liquid crystal display panel taken along
line shown in FIG. 2A. In addition, only the part required for
explanation is illustrated here.

[0061] A backlight 4 is arranged on the back side of the
array substrate AR. Various types of backlights can be used.
For example, a light emitting diode (LED) and a cold cathode
fluorescent lamp (CCFL), etc., can be applied as a light source
of the backlight 4, and the explanation about its detailed
structure is omitted.

[0062] The array substrate AR is formed using a first insu-
lating substrate 10 which has a light transmissive character-
istics. The semiconductor layer PS of the switching element
SW is formed on the first insulating substrate 10 and covered
with the gate insulating film 11. The auxiliary capacitance
line C is formed on the gate insulating film 11 and covered
with the first interlayer insulating film 12. The source line S is
formed on the first interlayer insulating film 12 and covered
with a second interlayer insulating film 13. Auxiliary capaci-
tance CS is formed in a region in which the semiconductor
layer PS and the auxiliary capacitance line C counter through
the gate insulating film 11.

[0063] Inaddition, the gate line formed in the same layer as
the auxiliary capacitance line C, which is not illustrated, is
arranged between the gate insulating film 11 and the first
interlayer insulating film 12, for example. The contact elec-
trode EC formed in the same layer as the source line S is
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arranged, for example, between the first interlayer insulating
film 12 and the second intetlayer insulating film 13.

[0064] The pixel electrode PE and the shield layer SLD are
formed on the second interlayer insulating film 13. The pixel
electrode PE is located on an inner side rather than respective
positions right above adjoining source lines S. The shield
layer SLD counters with the source line S.

[0065] The first alignment film AM is arranged on the array
substrate AR facing the counter substrate C'T, and extends to
whole active area ACT. The first alignment film AL1 covers
the pixel electrode PE, etc., and is also arranged on the third
insulating film 13. The first alignment film AM is formed of
material which shows a horizontal alignment characteristics.
[0066] Inaddition, the array substrate AR may be equipped
with a portion of the common electrode CE.

[0067] The counter substrate CT is formed using a second
insulating substrate 20 which has a transmissive characteris-
tics. The counter substrate CT includes a black matrix BM, a
color filter CF, an overcoat layer OC, the common electrode
CE, the shield layer CSL and a second alignment film A2,
etc.

[0068] The black matrix BM forms an aperture portion AP
by defining each pixel PX. That is, the black matrix BM is
arranged so that wiring portions, such as the source line S, the
gate line G, the auxiliary capacitance line C1, and the switch-
ing element SW, may counter the black matrix BM. Herein,
though only a portion of the black matrix BM extending along
the second direction Y is shown, the black matrix BM may
include a portion extending along the first direction X. The
black matrix BM is formed on an internal surface 20A of the
second insulating substrate 20 facing the array substrate AR.

[0069] The color filter CF is arranged corresponding to
each pixel PX. That is, while the color filter CF is arranged in
the aperture portion AP in the internal surface 20A of the
second insulating substrate 20, a portion thereof runs on the
black matrix BM. The colors of the color filters CF arranged
in the adjoining pixels PX in the first direction X differ mutu-
ally. For example, the color filters CF are formed of resin
materials colored by three primary colors of red, blue, and
green, respectively. The red color filter formed of resin mate-
rial colored in red is arranged corresponding to the red pixel.
The blue color filter formed of resin material colored in blue
is arranged corresponding to the blue pixel. The green color
filter formed of resin material colored in green is arranged
corresponding to the green pixel. The boundary between the
adjoining color filters CF is located in a position which over-
laps with the black matrix BM. The overcoat layer OC covers
the color filter CF.

[0070] The overcoat layer OC covers the color filter CF.
The overcoat layer OC eases influence by unevenness of the
surface of the color filter CF. For example, the overcoat layer
OC is formed of a transparent resin.

[0071] Themaincommon electrode CE and the shield layer
CSL are formed on the overcoat layer OC facing the array
substrate AR. The distance between the common electrode
CE and the pixel electrode PE along a third direction 7 is
uniform. The third direction Z is a direction which crosses the
first direction X and the second direction, i.e., a normal line
direction of the liquid crystal display panel LPN.

[0072] In addition, it can be suppressed that the adjoining
pixels PX in the first direction X are affected by the electric
field each other by arranging the shield layer CSL so as to face
the source line S sandwiched with the main pixel electrodes
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PA. Thereby the display grace can be improved. The shield
layer may be omitted depending on the design.

[0073] The second alignment film [.2 is arranged on the
counter substrate CT facing the array substrate AR and
extends to whole active area ACT. The second alignment film
L2 covers the main common electrode CE and the overcoat
layer OC, etc. The second alignment film 1.2 is formed of the
material which shows horizontal alignment characteristics.
[0074] An alignment treatment (for example, rubbing pro-
cessing or light alignment processing) is performed to the first
alignment film AL1 and the second alignment film AL2 to
initially align the molecules of the liquid crystal layer LQ. A
first alignment treatment direction PD1 in which the first
alignment film AL1 initially aligns the molecules is in parallel
with asecond alignment treatment direction PD2 in which the
second alignment film AL2 initially aligns the molecules. For
example, in FIG. 2B, the first alignment treatment direction
PD1 and the second alignment treatment direction PD2 are in
parallel with the second direction Y and the same directions
each other.

[0075] Thearray substrate AR and the counter substrate CT
as mentioned-above are arranged so that the first alignment
film AL1 and the second alignment film AL2 face each other.
In this case, a pillar-shaped spacer is formed integrally with
one of the substrates by resin material between the first align-
ment film AL1 on the array substrate AR and the second
alignment film AL2 on the counter substrate CT. Thereby, a
predetermined gap, for example, a 2-7 pm cell gap is formed.
The array substrate AR and the counter substrate CT are
pasted together by seal material SB arranged outside the
active area ACT while the predetermined cell gap is formed.
[0076] The liquid crystal layer LQ is held at the cell gap
formed between the array substrate AR and the counter sub-
strate CT and arranged between the first alignment film AL1
and the second alignment film AL2. The liquid crystal layer
LQ contains liquid crystal molecules. The liquid crystal layer
LQ is constituted by liquid crystal material having positive
dielectric anisotropy (positive type).

[0077] A first optical element OD1 is attached on an exter-
nal surface 10B of the array substrate AR, i.e., the external
surface 10B of the first insulating substrate 10 which consti-
tutes the array substrate AR, by adhesives, etc. The first opti-
cal element OD1 is located on a side which counters with the
backlight 4 of the liquid crystal display panel LPN, and con-
trols the polarization state of the incident light which enters
into the liquid crystal display panel LPN from the backlight 4.
The first optical element OD1 includes a first polarization
plate PL1 having a first polarizing axis (or first absorption
axis) AX1.

[0078] A second optical element OD2 is attached on an
external surface of the counter substrate CT, i.e., the external
surface 20B of the second insulating substrate 20 which con-
stitutes the counter substrate CT by adhesives, etc. The sec-
ond optical element OD2 is located on a display surface side
of the liquid crystal display panel LPN, and controls the
polarization state of emitted light from the liquid crystal
display panel LPN. The second optical element OD2 includes
a second polarization plate PL2 having a second polarizing
axis (or second absorption axis) AX2.

[0079] Thefirst polarizing axis AX1 of the first polarization
plate PL1 and the second polarizing axis AX2 of the second
polarization plate P12 are arranged in the positional relation-
ship of Cross Nicol. In this state, one polarization plate is
arranged so that the polarizing axis becomes in parallel with
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or orthogonally crosses the initial alignment direction, i.e.,
the first treatment direction PD 1 or the second treatment
direction PD2. That is, when the initial alignment direction is
in parallel to the second direction Y, the polarizing axis of the
one polarization plate is substantially in parallel with the
second direction'Y or orthogonally crosses the first direction
X.

[0080] In FIG. 2C, the first polarization plate PL1 is
arranged so that the first polarizing axis AX1 orthogonally
crosses the initial alignment direction of the liquid crystal
material LM (the second direction Y), i.e., in parallel with the
first direction X. The second polarization plate PL2 1is
arranged so that the second polarizing axis AX2 becomes in
parallel with the initial alignment direction of the liquid crys-
tal material LM (second direction Y).

[0081] In FIG. 2C, the second polarization plate PL2 is
arranged so that the second polarizing axis AX2 orthogonally
crosses the initial alignment direction of the liquid crystal
material LM (the second directionY), i.e., in parallel with the
first direction X. The first polarization plate PL1 is arranged
so that the first polarizing axis AX1 becomes in parallel with
the initial alignment direction of the liquid crystal material
LM (second direction Y).

[0082] Next, the operation the liquid crystal display panel
LPN mentioned above is explained referring to the figure.
[0083] At the time of non-electric field state (OFF), i.e.,
when a potential difference (i.e., electric field) is not formed
between the pixel electrode PE and the common electrode
CE, the liquid crystal molecules LM of the liquid crystal layer
LQ are aligned so that their long axes are aligned in a parallel
direction with the first alignment direction PD 1 of the first
alignment film AL1 and the second alignment direction PD2
ofthe second alignment film A[L2 as shown with a dashed line
in the figure. In this state, the time of OFF corresponds to the
initial alignment state, and the alignment direction of the
liquid crystal molecule LM corresponds to the initial align-
ment direction.

[0084] In addition, precisely, the liquid crystal molecules
LM are notexclusively aligned in parallel with the X-Y plane,
but are pre-tilted in many cases. For this reason, the precise
direction of the initial alignment is a direction in which an
orthogonal projection of the alignment direction of the liquid
crystal molecule LM at the time of OFF is carried out to the
X-Y plane. However, in order to explain simply hereinafter,
the liquid crystal molecule LM is assumed that the liquid
crystal molecule LM is aligned in parallel with the X-Y plane
and explained as what rotates in a field in parallel with the
X-Y plane.

[0085] Here, both of the first alignment treatment direction
PD1 of'the first alignment film AM and the second alignment
treatment direction PD2 of'the second alignment film AL.2 are
directions in parallel to the second direction Y. At the time of
OFF, the long axis of the liquid crystal molecule LM is
aligned substantially in parallel to the second direction Y as
shown with the dashed line in FIG. 2A. That is, the direction
of the initial alignment of the liquid crystal molecule LM is in
parallel to the second direction Y or makes an angle 0° with
the second direction'Y.

[0086] When the respective first alignment treatment direc-
tion PD1 and second alignment treatment direction PD2 are
in parallel and the same directions each other as shown in the
figure, the liquid crystal molecule LM is aligned with an
approximately horizontal direction (i.e., the pre tilt angle is
approximately zero) in a cross-section of the liquid crystal
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layer LQ in the intermediate portion of the liquid crystal layer
LQ. The liquid crystal molecule LM is aligned with the pre-
tilt angle so that the alignment of the liquid crystal molecule
LM near the first alignment film AL1 and the second align-
ment film AL2 becomes symmetrical with respect to the
intermediate portion of the liquid crystal layer LQ (splay
alignment).

[0087] Here, the liquid crystal molecule LM near the first
alignment direction AL1 is aligned to the first alignment
treatment direction PD1 by carrying out the alignment treat-
ment of the first alignment AL1 in the first alignment treat-
ment direction PD1. Similarly, the liquid crystal molecule
LM near the second alignment direction AL2 is aligned to the
second alignment treatment direction PD2 by carrying out the
alignment treatment of the second alignment AL2 in the sec-
ond alignment treatment direction PD2. When the respective
firstalignment treatment direction PD1 and second alignment
treatment direction PD2 are in parallel and the same direc-
tions each other as shown in the figure, the liquid crystal
molecule LM is aligned in the splay alignment state. The
alignment of the liquid crystal molecule LM near the first
alignment film AL1 on the array substrate AR and the second
alignment film AL2 on the counter substrate CT becomes
symmetrical with respect to the intermediate portion of the
liquid crystal layer LQ. Thus, in the splay alignment state, the
display is optically compensated even in an inclining direc-
tion from the normal line of the substrate by the liquid crystal
molecules LM near the first alignment film AM and the sec-
ond alignment film AL2. Therefore, when the respective first
alignment treatment direction PD1 and second alignment
treatment direction PD2 are in parallel and the same direc-
tions each other, there are few optical leaks in a black display.
Accordingly, a high contrast ratio can be realized, and it
becomes possible to improve display grace.

[0088] Inaddition, when both of the first and second align-
ment treatment directions PD1 and PD2 are in parallel and
opposite directions each other, the liquid crystal molecule
LM is aligned so that the liquid crystal molecule LM 1is
aligned with an approximately uniform pre-tilt angle near the
first and second alignment films AL1 and AL2 and in the
intermediate portion of the liquid crystal layer LQ (homoge-
neous alignment).

[0089] A portion of the backlight from the backlight 4
penetrates the first polarizing plate PL1, and enters into the
liquid crystal display panel LPN. The polarized state of the
incident light to the liquid crystal display panel LPN depends
onthe alignment state of the liquid crystal molecule LM when
passing the liquid crystal layer LQ. At the time OFF, the
polarized light which penetrates the liquid crystal display
panel LPN is absorbed by the second polarization plate P12
(black display).

[0090] On the other hand, in case potential difference (or
electric field) is formed between the pixel electrode PE and
the common electrode CE, i.e., at the time of ON, the lateral
electric field (or oblique electric field) is formed in parallel
with the substrates between the pixel electrode PE and the
common electrode CE. The liquid crystal molecule LM 1is
affected by the electric field between the pixel electrode PE
and the common electrode CE, and the long axis rotates in
parallel with the X-Y plane as shown in a solid line in the
figure.

[0091] Inthe embodiment shown in FIG. 2A, in the region
between the pixel electrode PE2 and the main common elec-
trode CA, theliquid crystal molecule LM rotates clockwise to
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the second direction Y, and aligns so that it may turn to the
lower left in the figure. In the region between the main pixel
electrode PE1 and the main common electrode CA, the liquid
crystal molecule LM rotates counterclockwise to the second
directionY, and aligns so that it may turn to the lower right in
the figure.

[0092] At the time of ON, a portion of the backlight which
entered in the liquid crystal panel LPN from the backlight 4
penetrates the first polarization plate PL1 and passes the
liquid crystal panel LPN. The polarized state of the backlight
which entered in the liquid crystal layer LQ changes. At the
time of ON, at least a portion of the backlight which passes the
liquid crystal layer L.Q penetrates the second polarization
plate PL2 (white display).

[0093] At the time OFF, the liquid crystal molecule LM is
initially aligned substantially in the second directionY. In the
ON state when potential difference is formed between the
pixel electrode PE and the common electrode CE, the optical
modulation rate of the liquid crystal layer LQ becomes the
highest, that is, the transmissivity in the aperture AP becomes
the largest when director of the liquid crystal molecule LM
(or the direction of the long axis of the liquid crystal molecule
LM) within the X-Y plane is shifted by approximately 45°
with respect to the first polarization axis AX1 of the first
polarization plate PL1 and the second polarization axis AX?2
of the second polarization plate PL2.

[0094] In the ON state, the director of the liquid crystal
molecule LM between the main common electrode CA and
the pixel electrode PE of the second pixel PX2 becomes
substantially in parallel with a direction of 45°-225° in the
X-Y plane, and the director of the liquid crystal molecule LM
between the main common electrode CA and the first pixel
electrode PE becomes substantially in parallel with a direc-
tion of 135°-315° in the X-Y plane. At this time, peak trans-
missivity is obtained. Ifits attention is paid to a transmissivity
distribution in each pixel PX, while transmissivity becomes
substantially zero on the pixel electrode PE and the common
electrode CE, high transmissivity is obtained in the whole
electrode gap between the pixel electrode PE and the common
electrode CE.

[0095] In the operation of the above liquid crystal display
panel LPN, the alignment of liquid crystal molecules may be
dispersed under influence of potential impressed to the source
line S and the gate line G. When the pixel electrode PE is
arranged especially in parallel with the source line S, the
alignment of the liquid crystal molecules determined by the
potential of the pixel electrode PE and the common electrode
CE is dispersed by electric field leak from the source line S,
and may result in decrease in the display grace.

[0096] Forexample, thereare some driving systems such as
a 1HIV inversion driving system (Dot inversion driving sys-
tem) which reverses the polarity of the pixel every row lines
and column lines, and a column inversion driving system
which reverses the polarity of the pixel every column lines.
[0097] In case of 1HIV inversion driving system, even if
electric field leak from the source line S occurs, the response
of the liquid crystal molecules to the electric field leak do not
follow, and the influence of electric field leak becomes com-
paratively small because the polarity of the source line S is
reversed every row lines. On the other hand, in the column
inversion driving system, since the polarity of the source line
S becomes the same in one-frame period, the number of the
polarity inversion is small. Accordingly, the column inversion
driving system is effective in low power consumption. How-
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ever, when the frame frequency is 60 Hz, for example, and one
frame time is 16.7 ms, the liquid crystal molecules respond
enough by electric field leak from the source line S. There-
fore, a vertical cross talk may be actualized in the liquid
crystal display panel which adopts the column inversion driv-
ing system.

[0098] In order to improve the cross talk, it is also possible
to arrange a shield layer having the same potential as the
common electrode CE on the source line S. However, since
the shield layer serves as a region which does not contribute to
transmissivity, when maintaining predetermined transmissiv-
ity, it becomes difficult to arrange the shield layer of sufficient
size. Then, this embodiment supplies the liquid crystal dis-
play device which realizes an improvement of the cross talk
while avoiding decrease in transmissivity.

[0099] For example, in a period when the pixel potential of
the first pixel PX1 and the second pixel PX2 shown in F1IG. 2A
is held, the polarity of the voltage impressed to the main pixel
electrode PA of'the first pixel PX1 is presumed as positive, the
polarity of the voltage impressed to the main pixel electrode
PA of'the second pixel PX2 is presumed as negative, and the
voltage impressed to the source line S2 is presumed as nega-
tive.

[0100] Atthistime, in the first pixel PX1, since the potential
difference between the main pixel electrode PA and the
source line S2 becomes comparatively large, the electric field
produced between the main pixel electrode PA and the main
common electrode CA may be affected by the electric field
leak from the source line S2, and the alignment of the liquid
crystal molecules may be dispersed in response to the influ-
ence of the electric field leak from the source line S2.
[0101] Ontheotherhand, in the second pixel PX2, since the
potential difference between the main pixel electrode PA and
the source line S2 becomes comparatively small, the influ-
ence of electric field leak from the source line S2 to the
electric field produced between the main pixel electrode PA
and the main common electrode CA is suppressed, and the
dispersion of the alignment of the liquid crystal molecules is
avoided.

[0102] FIG. 4isa figure showing an example of a potential
waveform of the source line, when displaying a white window
WW in the center of a gray level screen. Here, in the liquid
crystal display panel PNL which adopts the column reversion
driving system, the potential waveforms of the two adjoining
source lines S arranged in the first direction X are shown. FIG.
5 is a figure showing an example which displays the white
window WW in the center of screen displaying the gray level.
[0103] Incase asourceline Sk and a source line Sk+1 (k is
a positive integer) are arranged in the column lines crossing
the white window WW, in the first period t1 of the Nth frame
period, a positive voltage (for example, 2V) corresponding to
the gray level is impressed to the source line Sk with respect
to the common electrode potential Veom (for example, 0V). A
negative voltage (for example, -2V) corresponding to the
gray level is impressed to the source line Sk+1 with respect to
the common electrode potential Veom. In the period t1, the
signal corresponding to the gray level is written to the upper
side pixel (pixel P1) of the white window WW.

[0104] In a successive period (2, a positive voltage (for
example, 4V) corresponding to the white display is impressed
to the source line Sk with respect to the common electrode
potential Vcom. A negative voltage (for example, —4V) cor-
responding to the white display is impressed to the source line
Sk+1 with respect to the common electrode potential Veom.
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In the period t2, the signal corresponding to the white display
is written in the white window WW.

[0105] Then, in a successive period t3, a positive voltage
(for example, 2V) corresponding to the gray level is
impressed to the source line Sk with respect to the common
electrode potential Vcom. A negative voltage (for example,
-2V) corresponding to the gray level is impressed to the
source line Sk+1 with respect to the common electrode poten-
tial Veom. In the period t3, the signal corresponding to the
gray level is written to the lower side pixel (pixel P2) of the
white window WW.

[0106] Next, in the (N+1)st frame period, the polarity ofthe
voltage impressed to the source line Sk and the voltage
impressed to the source line Sk+1 becomes reverse each
other. Namely, in the period t4 of the beginning of the (N+1)st
frame period, a negative voltage (for example, —2V) corre-
sponding to the gray level is impressed to the source line Sk
with respect to the common electrode potential Veom. A
positive voltage (for example, 2V) corresponding to the gray
level is impressed to the source line Sk+1 with respect to the
common electrode potential Vecom. In the period t4, the signal
corresponding to the gray level is written to the upper side
pixel (pixel P1) of the white window WW.

[0107] In a successive period t5, a negative voltage (for
example, -4V) corresponding to the white display is
impressed to the source line Sk with respect to the common
electrode potential Veom. A positive voltage (for example,
4V) corresponding to the white display is impressed to the
source line Sk+1 with respect to the common electrode poten-
tial Veom. In the period t5, the signal corresponding to the
white display is written in the white window WW.

[0108] In a successive period t6, a negative voltage (for
example, —2V) corresponding to the gray level is impressed to
the source line Sk with respect to the common electrode
potential Veom. A negative voltage (for example, -2V) cor-
responding to the gray level is impressed to the source line
Sk+1 with respect to the common electrode potential Veom.
In the period 6, the signal corresponding to the gray level is
written to the lower side pixel (pixel P2) of the white window
WW.

[0109] At this time, in the first pixel PX arranged between
the source line Sk and the source line Sk+1, the main pixel
electrode PA is arranged on the source line Sk side. and the
main common electrode CA is arranged facing the source line
Sk+1. The alignment of the liquid crystal molecules are con-
trolled by the electric field between the main common elec-
trode CA and the main pixel electrode PA.

[0110] When the first pixel PX1 is located on the upper side
of the white window WW, the signal corresponding to the
gray level supplied to the pixel electrode PE is the same
polarity as the source line Sk, and opposite polarity to the
source line Sk+1. Therefore, the potential difference between
the main pixel electrode PA and the source line Sk+1 becomes
comparatively large, and the electric field between the main
pixel electrode PA and the main common electrode CA is
affected by electric field leak from the source line Sk+1. As a
result, the first pixel PX1 located on the upper side of the
white window WW becomes a display which is brighter than
a desired gray level.

[0111] On the other hand, the polarities of the source line
Sk and the source line Sk+1 are reversed in the next frame
period when the first pixel PX1 is located on the lower side of
the white window WW. Accordingly, the signal correspond-
ing to the gray level supplied to the pixel electrode PE is the
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same polarity as the source line Sk+1, and the period when the
polarity of the signal corresponding to the gray level becomes
an opposite polarity to the source line Sk becomes compara-
tively long. Therefore, the potential difference between the
main pixel electrode PA and the source line Sk+1 becomes
comparatively small, and the influence to the electric field
between the main pixel electrode PA and the main common
electrode CA by the electric field leak from Source line Sk+1
is suppressed. As a result, the first pixel PX1 located on the
lower side of the white window WW displays a desired gray
level.

[0112] Moreover, in the second pixel PX2 arranged
between the source line Sk and the source line Sk+1, the main
pixel electrode PA is arranged on the source line Sk+1 side,
and the main common electrode CA is arranged facing the
source line Sk. The alignment of the liquid crystal molecules
are controlled by the electric field between the main common
electrode CA and the main pixel electrode PA.

[0113] When the second pixel PX2 is located on the upper
side ofthe white window WW, the signal corresponding to the
gray level supplied to the pixel electrode PE is the same
polarity as the source line Sk, and opposite polarity to the
source line Sk+1. Therefore, the potential difference between
the main pixel electrode PA and the source line Sk becomes
comparatively small, and the influence to the electric field
between the main pixel electrode PA and the main common
electrode CA by the electric field leak from the source line Sk
is suppressed. As a result, the second pixel PX2 located on the
lower side of the white window WW displays a desired gray
level.

[0114] On the other hand, when the first pixel PX1 is
located on the lower side of the white window WW, since the
polarity of the source line Sk and the source line Sk+1 is
reversed in the next frame period, the signal corresponding to
the gray level supplied to the pixel electrode PE is the same
polarity as the source line Sk+1, and the period when the
polarity of the pixel electrode PE is opposite to that of the
source line Sk becomes comparatively long. Therefore, the
potential difference between the main pixel electrode PA and
the source line Sk becomes comparatively large, and electric
field between the main pixel electrode PA and the main com-
mon electrode CA is affected by electric field leak from the
source line Sk. As a result, the display of the second pixel PX1
located on the lower side of the white window WW becomes
brighter than the desired gray level.

[0115] In addition, the voltage corresponding to the gray
level display of a fixed level is impressed to the source lines S
which are arranged outside of the white window WW in the
central portion in the second direction Y, and the polarity is
reversed every frames. In the pixels arranged in the source
lines S, neither the potential difference between the main
pixel electrode PA and the source line S becomes large, nor
the alignment dispersion of the liquid crystal molecules
becomes remarkable comparing with the source lines S which
cross the white window WW.

[0116] Ineach pixel PX, generating of the cross talk can be
controlled by eliminating the alignment dispersion of the
liquid crystal molecules. That is, the location of the main
pixel electrode PA is determined so that the potential differ-
ence between the main pixel electrodes PA located in the both
ends of the aperture AP in the first direction X and the source
line S becomes small to eliminate the alignment dispersion.
Moreover, since the influence of electric field leak from the
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source line S becomes small, it is not necessary to enlarge the
shield layer SLD, and decrease in the aperture ratio can be
also avoided.

[0117] In addition, since the main pixel electrode PA is
arranged on the source line S in which the shield layer SLD is
not arranged, the electric field leak from the source line S can
be shielded with the main pixel electrode PA.

[0118] FIG. 6 is a figure showing an example of arrange-
ment of the pixels PX in the active area ACT according to a
second embodiment. In addition, in FIG. 6, only the structure
required for explanation is shown schematically, and other
structures are omitted. FIG. 7 is a plan view schematically
showing the arrangement of four pixels shown in FIG. 6 in
more detail.

[0119] As mentioned above, the magnitude of the potential
difference between the main pixel electrode PA and the
source line S in each pixel PX changes depending on the
position of the pixel PX in the active area ACT in the scanning
direction and displayed pictures. So, in this second embodi-
ment, the first pixel PX1 and the second pixel PX2 are
arranged side by side along the first direction X by turns as
shown in FIG. 7. Similarly, the third pixel PX3 having the
same pattern as the second pixel PX2 and the fourth pixel PX4
having the same pattern as the first pixel PX1 are arranged
side by side along the first direction X by turns. The first pixel
PX1 and a third pixel PX3 is arranged side by side along the
second direction Y by turns. Similarly, the second pixel PX2
and a fourth pixel PX4 is arranged side by side along the
second direction Y by turns in the active area ACT.

[0120] InFIG.7, a first gate line G1, a second gate line G2
and a third gate line G3 extend in the first direction X. A first
source line S1, a second source line S2 and a third source line
S3 respectively extend in the second directionY. A first pixel
electrode PE1 is arranged adjacent to the first source line S1
extending in the second direction’Y between the first gate line
G1 and the second gate line G2. A second main pixel elec-
trode PE2 is arranged adjacent to the third source line S3
extending in the second directionY between the first gate line
G1 and the second gate line G2. A third main pixel electrode
PE3 is arranged adjacent to the second source line S2 facing
the first source line S1 and extending in the second direction
Y between the second gate line G2 and the third gate line G3.
A fourth main pixel electrode PE4 is arranged adjacent to the
second source line S2 facing the third source line S3 and
extending in the second direction Y between the second gate
line G2 and the third gate line G3. The third main pixel
electrode PE3 and the fourth main pixel electrode PE4 are
arranged adjacent each other sandwiching the second source
line S2.

[0121] In the second substrate, a first common electrode
CAl is arranged above the second source line S2 extending in
the second direction Y between the first source line S1 and the
third source line S3, and between the first gate line G1 and the
second gate line G2. A second common electrode CA2 is
arranged above the first source line S1 extending in the second
direction Y between the second gate line G2 and the third gate
line G3. A third common electrode CA3 is arranged above the
third source line S3 extending in the second direction Y
between the second gate line G2 and the third gate line G3.
The first, second, and third common electrodes CA1, CA2,
CA3 are connected each other. The first pixel PX1 is formed
of the first and second source lines S1, S2, the first and second
gate lines G1, G2, and the first pixel electrode PE1. The
second pixel is formed of the second and third source lines S2,
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S3, the first and second gate lines G1, G2, and the second
pixel electrode PE2. Similarly, the third pixel X3 is formed of
the first and second source lines S1, S2, the second and third
gate lines G2, G3, and the third pixel electrode PE3. A fourth
pixel PX4 is formed of the second and the third source lines
S2, S3, the second and third gate lines G2, G3 and the fourth
pixel electrode PE4.

[0122] The first substrate includes switching elements for
switching electrical connection between the first source line
S1 and the first pixel electrode PE1, between the second
source line S2 and the second pixel electrode PE2, between
the first source line S1 and the third pixel electrode, PE3 and
between the second source line S2 and the fourth pixel elec-
trode PE4.

[0123] A first auxiliary capacitance line C1 extends sub-
stantially in the first direction X and branching along the first
pixel electrode PE1 and the first source line S1 so as to face
the first pixel electrode PE1 and the first source line S1, and
along the second pixel electrode PE2 and the third source line
S3 so as to face the second pixel electrode PE2 and the third
source line S3. A second auxiliary capacitance line C2
extends substantially in the first direction X and branching
along the third and fourth pixel electrodes PE3, PE4 and the
second source line S2 so as to face the third and fourth pixel
electrodes PE3, PE4 and the second source line S2. The
respective switching elements include a semiconductor layer
extending along the auxiliary capacitance lines so as to over-
lap through an insulating layer like the first embodiment
shown in FIG. 2A.

[0124] The first substrate includes first shield layers SL.D
arranged on the second source line S2 between the first gate
line G1 and the second gate line G2, and on the first and third
source lines S1, S3 between the second gate line G2 and the
third gate line G3 like the first embodiment shown in FIG. 2A.

[0125] The second substrate includes second shield layers
CSL arranged on the first and third source lines S1, S3
between the first gate line G1 and the second gate line G2, and
on the second source line S2 between the second gate line G2
and the third gate line G3 like the first embodiment shown in
FIG. 2A.

[0126] Accordingly, by arranging the pixels PX as above,
even ifitis a case where the pixels PX are located on the upper
side and the lower side of the white window WW shown in
FIG. 5, the pixel displaying brightly (pixel indicated with
“bright”) is either one of adjoining pixels, and the other is a
pixel (pixel indicated with “-”*) displaying a desired picture.
Furthermore, since the pixel in which the alignment of the
liquid crystal molecules is dispersed, and the pixel displaying
the desired picture are arranged by turns along the first direc-
tion X and the second direction Y, neither a bright line nor a
dark line is sighted, and degradation of display grace is con-
trolled.

[0127] According to this embodiment, while controlling
decrease in transmissivity, it becomes possible to avoid gen-
erating of the cross talk. Thereby, it becomes possible to
control degradation of display grace.

[0128] Moreover, since high transmissivity is obtained in
the electrode gap between the pixel electrode PE and the
common electrode CE according to this embodiment, it
becomes possible to correspond by expanding the inter-elec-
trode distance between the pixel electrode PE and the main
common electrodes CA in order to make transmissivity of
each pixel high enough.
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[0129] 1In addition, in the product specifications in which
the pixel pitch differs each other, it becomes possible to use a
peak condition of the transmissivity distribution by changing
the inter-electrode distance. That is, in the display mode
according to this embodiment, it becomes possible to supply
the display device having various pixel pitches by setting up
inter-electrode distance between the main pixel electrode and
main common electrode corresponding to the product speci-
fication from low resolution with a comparatively large pixel
pitch to high resolution with a comparatively small pixel pitch
without necessarily using microscopic processing. Therefore,
it becomes possible to realize the demand for high transmis-
sivity and high resolution easily.

[0130] Moreover, according to this embodiment, the trans-
missivity fully falls in the region which overlaps with the
black matrix BM. This is because the electric field leak does
not occur outside of the pixel from the common electrode CE,
and undesired lateral electric field is not produced between
the adjoining pixels on the both sides of the black matrix BM.
That 1s, it is because the liquid crystal molecule in the region
which overlaps with the black matrix BM maintains the state
of the initial alignment like at the OFF time (or the time of the
black display). Therefore, even if it is a case where the colors
of the color filter differ between the adjoining pixels, it
becomes possible to control the generating of mixed colors,
and also becomes possible to control the fall of color repro-
ducibility and the contrast ratio.

[0131] Moreover, when an assembling shift occurs
between the array substrate AR and the counter substrate CT,
a difference may arises in distances between the respective
common electrodes CE and the pixel electrode PE in the
lateral direction. However, the alignment shift is produced in
common to all the first pixels PX and all the second pixels PX,
there is no difference in the electric field distribution between
the pixels PX, and the influence to the display of the image is
negligible. Even if the assembling shift arises between the
array substrate AR and the counter substrate CT, it becomes
possible to control the undesirable electric field leak to the
adjoining pixels. For this reason, even if it is in a case where
the colors of the color filters differ between the adjoining
pixels, it becomes possible to control generating of mixed
colors, and also becomes possible to control the fall of color
reproducibility and the contrast ratio.

[0132] In this embodiment, the main common electrodes
CA counter with the source lines S, respectively. In the case
where the main common electrodes CA are arranged above
the source lines S, respectively, the aperture portion AP which
contributes to the display can be expanded as compared with
the case where the main common electrodes CA are arranged
on the pixel electrode PE side rather than above the source
lines S, and it becomes possible to improve the transmissivity
of the pixel PX.

[0133] Moreover, it becomes possible to expand the dis-
tance between the pixel electrode PE and the main common
electrode CA in the first direction X, by arranging the main
common electrodes CA above the source lines S, respectively,
and also becomes possible to form more horizontal electric
field closer to the horizontal direction. For this reason, it also
becomes possible to maintain the wide viewing angle which
is one of advantages of the general IPS mode.

[0134] In addition, in the above-mentioned example, the
initial alignment direction of the liquid crystal molecule LM
is in parallel with the second direction Y. However, the initial
alignment direction of the liquid crystal molecule LM may be
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an oblique direction D which obliquely crosses the second
direction Y as shown in FIG. 2A. Herein, an angle 61 which
the initial alignment direction D makes with the second direc-
tionY is larger 0° and smaller than 45°. In addition, it is
extremely effective to set the angle 61 in the range of 5° to
30°, more preferably less than 20° in a viewpoint of the
alignment control of the liquid crystal molecule LM. That is,
itis preferable that the initial alignment direction of the liquid
crystal molecule LM is set to a direction substantially in
parallel with the direction in the range of 0° to 20° with
respect to the second direction Y.

[0135] Moreover, although the above-mentioned example
explains the case where the liquid crystal layer LQ has posi-
tive dielectric constant anisotropy, the liquid crystal layer LQ
may have negative dielectric constant anisotropy. Although
detailed explanation is omitted, when the negative type liquid
crystal material is used, it is preferable that the above-men-
tioned angle 81 is made in the range of 45° to 90°, and more
preferably not less than 70°.

[0136] Furthermore, even at the time of ON, since the lat-
eral electric field is hardly formed (or sufficient electric field
to drive the liquid crystal molecule LM is not formed) on the
pixel electrode PE or the common electrode CE, the liquid
crystal molecule .M hardly moves from the initial alignment
direction like at the time of OFF. For this reason, even if the
pixel electrode PE and the common electrode CE are formed
of the electric conductive material with the light transmissive
characteristics, the backlight hardly penetrates, and also
hardly contributes to the display at the time of ON. Therefore,
the pixel electrode PE and the common electrode CE do not
necessarily need to be formed of a transparent electric con-
ductive material, and may be formed using non-transparent
electric conductive materials, such as aluminum (Al), silver
(Ag), and copper (Cu).

[0137] As explained above, according to the embodiment,
it becomes possible to supply the liquid crystal display which
can control degradation of display grace.

[0138] While certain embodiments have been described,
these embodiments have been presented by way of embodi-
ment only, and are not intended to limit the scope of the
inventions. In practice, the structural elements can be modi-
fied without departing from the spirit of the invention. Various
embodiments can be made by properly combining the struc-
tural elements disclosed in the embodiments. For embodi-
ment, some structural elements may be omitted from all the
structural elements disclosed in the embodiments. Further-
more, the structural elements 1n different embodiments may
properly be combined. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

What is claimed is:
1. A liquid crystal display device, comprising:
a first substrate including;
a first gate line and a second gate line extending in a first
direction,
afirst source line, a second source line and a third source
line respectively extending in a second direction
orthogonally crossing the first direction and crossing
the first and second gate lines,
a first pixel electrode arranged adjoining the first source
line and extending in the second direction,
a second pixel electrode arranged adjoining the third
source line and extending in the second direction,
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a second substrate including a common electrode arranged
above the second source line extending in the second
direction between the first source line and the third
source line; and

aliquid crystal layer held between the first substrate and the
second substrate;

wherein the first and second source lines, the first and
second gate lines, and the first pixel electrode form a first
pixel, and the second and the third source lines, the first
and second gate lines, and the second pixel electrode
form a second pixel.

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

wherein

the first substrate includes;

a first switching element for switching electrical connec-
tion between the first source line and the first pixel
electrode, and a second switching element for switching
electrical connection between the second source line and
the second pixel electrode,

an auxiliary capacitance line extending substantially in
parallel with the first and second gate lines and branch-
ing along the first pixel electrode and the first source line
so as to face the first pixel electrode and the first source
line, and along the second pixel electrode and the third
source line so as to face the second pixel electrode and
the third source line; and

the first and second switching elements respectively
include a semiconductor layer extending along the aux-
iliary capacitance lines so as to overlap through an insu-
lating layer.

3. The liquid crystal display device according to claim 1,
wherein the first substrate includes a first shield layer
arranged on the second source line.

4. The liquid crystal display device according to claim 1,
wherein the second substrate includes a second shield layer
arranged above the first and third source lines.

5. The liquid crystal display device according to claim 1,
further comprising a driving circuit for driving the gate lines
and the source lines, wherein the driving circuit supplies
voltages having different polarities to the first and second
source lines in a frame period, and reverses the polarity ofthe
voltages supplied to the first and second source lines every
frame periods.

6. A liquid crystal display device, comprising:

a first substrate including;

a first gate line, a second gate line and a third gate line
extending in a first direction and arranged in a second
direction orthogonally crossing the first direction in
this order,

afirst source line, a second source line and a third source
line respectively extending in the second direction
and arranged in the first direction in this order,

a first pixel electrode arranged adjoining the first source
line and extending in the second direction between the
first gate line and the second gate line,

a second pixel electrode arranged adjoining the third
source line and extending in the second direction
between the first gate line and the second gate line,

a third pixel electrode arranged adjoining the second
source line and extending in the second direction, the
third pixel electrode facing the first source line
between the second gate line and the third gate line,

a fourth pixel electrode arranged adjoining the second
source line and extending in the second direction, the
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fourth pixel electrode facing the third source line
between the second gate line and the third gate line,
wherein the third pixel electrode and the fourth pixel
electrode are arranged adjacent each other sandwich-
ing the second source line,

a second substrate including;

a first common electrode arranged above the second
source line extending in the second direction between
the first source line and the third source line, and
between the first gate line and the second gate line,

a second common electrode arranged above the first
source line extending in the second direction between
the second gate line and the third gate line, and

a third common electrode arranged above the third
source line extending in the second direction between
the second gate line and the third gate line,

aliquid crystal layer held between the first substrate and the
second substrate;

wherein a first pixel is formed ofthe first and second source
lines, the first and second gate lines, and the first pixel
electrode, and a second pixel is formed of the second and
third source lines, the first and second gate lines, and the
second pixel electrode; and

wherein a third pixel is formed of the first and second
source lines, the second and third gate lines, and the third
pixel electrode, and a fourth pixel is formed of the sec-
ond and the third source lines, the second and third gate
lines, and the fourth pixel electrode.

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

wherein

the first substrate includes;

switching elements for switching electrical connection
between the first source line and the first pixel elec-
trode, between the second source line and the second
pixel electrode, between the first source line and the
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third pixel electrode, and between the second source
line and the fourth pixel electrode,

a first auxiliary capacitance line extending substantially
in the first direction and branching along the first pixel
electrode and the first source line so as to face the first
pixel electrode and the first source line, and along the
second pixel electrode and the third source line so as
to face the second pixel electrode and the third source
line,

a second auxiliary capacitance line extending substan-
tially in the first direction and branching along the
second and third pixel electrodes and the second
source line so as to face the second and third pixel
electrodes and the second source line; and

the respective switching elements include a semicon-
ductor layer extending along the auxiliary capaci-
tance lines so as to overlap through an insulating
layer.

8. The liquid crystal display device according to claim 6,
wherein the first substrate includes first shield layers arranged
on the second source line between the first gate line and the
second gate line, and on the first and third source lines
between the second gate line and the third gate line.

9. The liquid crystal display device according to claim 6,
wherein the second substrate includes second shield layers
arranged on the first and third source lines between the first
gate line and the second gate line, and on the second source
line between the second gate line and the third gate line.

10. The liquid crystal display device according to claim 6,
further comprising a driving circuit for driving the gates line
and the source lines, wherein the driving circuit supplies
voltages having different polarities to the source lines adja-
cent each other in the first direction in a frame period, and
reverses the polarity of the voltages supplied to the source
lines every frame periods.
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