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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.
2011-190945, filed Sep. 1, 2011, 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] The liquid crystal display device as a flat display
panel is used for a large-screen TV, PC (personal computer),
FA (factory automation) apparatus, OA (office automation)
apparatus, a car-navigation system, a cellular phone, a smart
phone, and a tablet PC, etc. As display modes of the liquid
crystal display device, MVA (Multi-domain Vertical Align-
ment) mode and FFS (Fringe Field Switching) mode are
developed. The display performance of the liquid crystal dis-
play device has been improved.

[0004] In the liquid crystal display device using the MVA
mode, it is easy to obtain a uniform display with a high
contrast over the large screen, and the transmissivity is com-
paratively higher compared with the liquid crystal display
device using the FFS mode. For this reason, the liquid crystal
display device in the MVA mode is commonly used from a
large-screen TV to small size mobile uses, such as a cellular
phone. In the liquid crystal display device using the MVA
mode, an initial alignment direction of liquid crystal mol-
ecules is set to a vertical alignment direction.

[0005] By the way, in the liquid crystal display device using
the MVA mode, the liquid crystal molecule is switched using
ntypeliquid crystal material in order to make electric field act
substantially in the vertical direction almost perpendicular to
planes of an array substrate and a counter substrate. In a polar
angle and an angle of direction which specify an alignment
direction of the liquid crystal molecule, n type liquid crystal
material can specify only the polar angle by electric field. For
this reason, in the liquid crystal display device using the MVA
mode, there is a problem that a regulation strength for align-
ment of the liquid crystal molecule is weak. If the regulation
strength for alignment is weak, when pressure is applied, for
example, from exterior, it becomes easy to generate align-
ment disorder of the liquid crystal molecule, which is called
polling.

[0006] On the other hand, in p type liquid crystal material,
the liquid crystal molecule operates in a parallel direction to
the electric field, and both the polar angle and the angle of
direction can be specified by electric field. Since the regula-
tion strength for alignment of the liquid crystal molecule is
large, there is a feature that the polling is not generated easily.
[0007] The liquid crystal display devices using the IPS
(In-Plane Switching) mode and the FFS (Fringe Field Switch-
ing) mode use p type liquid crystal material. However, the
liquid crystal display device using the IPS mode and the FFS
mode has a problem that it is difficult to specify the polar
angle since the liquid crystal molecules are driven in the
directions along the planes of the array substrate and the
counter substrate by lateral electric field. For this reason, if
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the regulation strength for alignment becomes weak, and, for
example, the external pressure is applied, it becomes easy to
generate the polling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a part 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.

[0009] FIG. 1is a figure schematically showing a structure
and the equivalent circuit of a liquid crystal display device
according to a first embodiment.

[0010] FIG. 2isa plan view schematically showing a struc-
ture of one pixel when the liquid crystal display panel shown
in FIG. 1 is seen from the counter substrate side.

[0011] FIG. 3is across-sectional view schematically show-
ing the structure taken along line III-I1I in the liquid crystal
display panel shown in FIG. 2.

[0012] FIG. 4 is an exploded perspective view showing a
portion of the liquid crystal display panel, and is a figure
showing an absorption axis of a polarizing plate, and a slow
axis of a retardation film.

[0013] FIG. 5is a plan view showing a pixel electrode and
a common electrode of the liquid crystal display panel, and is
a schematic view showing an alignment state of a liquid
crystal molecule in case voltage is not impressed to a liquid
crystal layer.

[0014] FIG. 6is a cross-sectional view schematically show-
ing the structure taken along line VI-VI in the liquid crystal
display panel shown in FIG. 5.

[0015] FIG. 7is a plan view showing the pixel electrode and
the common electrode of the liquid crystal display panel, and
is a schematic view showing the alignment state of the liquid
crystal molecule in case voltage is impressed to the liquid
crystal layer.

[0016] FIG. 8is across-sectional view schematically show-
ing the structure taken along line VIII-VIII in the liquid crys-
tal display panel shown in FIG. 7.

[0017] FIG. 9 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel of
the liquid crystal display device according to a second
embodiment is seen from the counter substrate side.

[0018] FIG. 10 is a plan view showing the pixel electrode
and the common electrode of the liquid crystal display panel
of the liquid crystal display device according to the second
embodiment, and is a schematic view showing the alignment
state of the liquid crystal molecule in case voltage is not
impressed to the liquid crystal layer.

[0019] FIG. 11 is a plan view showing the pixel electrode
and the common electrode of the liquid crystal display panel
of the liquid crystal display according to the second embodi-
ment, and is a schematic view showing the alignment state of
the liquid crystal molecule in case voltage is impressed to the
liquid crystal layer.

[0020] FIG. 12 is a plan view schematically showing the
structure of the liquid crystal display panel of the liquid
crystal display device according to a third embodiment when
the liquid crystal display panel is seen from the counter sub-
strate side.

[0021] FIG. 13 is a cross-sectional view schematically
showing the structure taken along line XIII-X1II of the liquid
crystal display panel shown in FIG. 12, and is a schematic
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view showing an alignment state of the liquid crystal mol-
ecule in case voltage is impressed to the liquid crystal layer.
[0022] FIG. 14 is a cross-sectional view schematically
showing the structure of a comparative example of the liquid
crystal display device according to the third embodiment, and
is a schematic view showing the alignment state of the liquid
crystal molecule in case voltage is impressed to the liquid
crystal layer.

[0023] FIG. 15 is a cross-sectional view schematically
showing the liquid crystal display device according to a
fourth embodiment.

DETAILED DESCRIPTION

[0024] 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 parts throughout the several views.
[0025] According to one embodiment, a liquid crystal dis-
play device having a plurality of pixels includes: a first sub-
strate including a main pixel electrode and a first alignment
film formed on the main pixel electrode having vertical align-
ment characteristics; a second substrate including a pair of
first main common electrodes and a second alignment film
formed on the first main common electrodes having vertical
alignment characteristics; and a liquid crystal layer held
between the first substrate and the second substrate having
positive dielectric anisotropy; wherein the main pixel elec-
trode is arranged in a first direction extending in a second
direction orthogonally crossing the first direction; and the
first main common electrodes are arranged in the first direc-
tion extending in the second direction, respectively, so as to
sandwich the main pixel electrode.

[0026] Inother embodiment, a liquid crystal display device
having a plurality of pixels includes: a first substrate includ-
ing; a pair of source lines arranged in a first direction and
extending in a second direction orthogonally crossing the first
direction, a pair of gate lines arranged in the second direction
and extending in the first direction, a pair of first main com-
mon electrodes formed on the source lines, respectively, a
main pixel electrode extending in the second direction and
sandwiched by the pair of first main common electrodes, a
first alignment film formed on the main pixel electrode and
the first main common electrodes having vertical alignment
characteristics, a second substrate including; a pair of second
main common electrodes arranged above the first main com-
mon electrodes, respectively, a second alignment film formed
on the second main common electrodes having vertical align-
ment characteristics, and a liquid crystal layer held between
the first substrate and the second substrate and having positive
dielectric anisotropy.

[0027] FIG.11is a figure schematically showing a structure
and an equivalent circuit of the liquid crystal display device
according to one embodiment. The liquid crystal display
device includes an active-matrix type liquid crystal display
panel LPN. The liquid crystal display panel LPN is equipped
with an array substrate AR as a first substrate, a counter
substrates CT as a second substrate arranged opposing the
array substrate AR, and a liquid crystal layer 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).
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[0028] The liquid crystal display panel LPN is equipped
with “n” gate lines G (G1-Gn), “n” auxiliary capacitance lines
C (C1-Cn), “m” source lines S (S1-Sm), etc., in the active area
ACT. The gate line G and the auxiliary capacitance line C
extend in a first direction, 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 direc-
tion X. The source lines S cross the gate line G and the
capacitance line C. The source lines S extend linearly in the
second direction Y, 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 par-
tially.

[0029] Each gate line G is pulled out to outside of the active
area ACT, and is connected to a gate driver GD. Each source
line S is pulled out to the outside of the active area ACT, and
is connected to a source driver SD. At least a portion of the
gate driver GD and the source driver SD is formed in the array
substrate AR, for example, and the gate driver GD and the
source driver SD are connected with the driver IC chip 2
provided in the array substrate AR and having an imple-
mented controller.

[0030] Each pixel PX includes a switching element SW, a
pixel electrode PE, a common electrode CE, etc. Retention
capacitance Cs is formed, for example, between the auxiliary
capacitance line C and the pixel electrode PE. The auxiliary
capacitance line C is electrically connected with a voltage
impressing portion VCS to which the auxiliary capacitance
voltage is impressed.

[0031] 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 one 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 a lateral electric field substantially in parallel
with the principal surface of the array substrate AR or the
principal surface of the counter substrate CT, or an oblique
electric field slightly oblique with respect to the principle
surfaces of the substrate.

[0032] 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 (mxn) switching elements
SW are formed in the active area ACT. The switching element
SW may be either a top-gate type or a bottom-gate type.
Though the semiconductor layer is formed of poly-silicon,
the semiconductor layer may be formed of amorphous sili-
con.

[0033] The pixel electrode PE is arranged in each pixel and
electrically connected with the switching element SW. The
common electrode CE is arranged in common to the plurality
of pixel electrodes PE through the liquid crystal layer L.Q.
Though the pixel electrode PE and the common electrode CE
are formed by light transmissive conductive materials, such
as Indium Tin Oxide (ITO), Indium Zinc Oxide (1Z0), etc.,
other metals such as aluminum may be used.

[0034] The array substrate AR includes an electric power
supply portion VS formed outside of the active area ACT.
Furthermore, the common electrode CE is drawn to outside of
the active area ACT and electrically connected with an elec-
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tric power supply portion VS formed in the array substrate AR
through an electric conductive component which is not illus-
trated.

[0035] FIG. 2 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to one embodiment is seen from the counter sub-
strate side. Herein, a plan view in a X-Y plane specified in the
first direction X and the second direction Y is shown.

[0036] As shown in FIG. 2, the pixel 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 in a dashed line.
The gate line G1 and the gate line G2 extend along the first
direction X. The auxiliary capacitance line C1 is arranged
between the adjoining gate line G1 and gate line G2, and
extends along the first direction X. The source line S1 and the
source line S2 extend along the second direction Y. The pixel
electrode PE is arranged between the adjoining source line S1
and source line S2. Moreover, the pixel electrode PE is
located between the gate line G1 and the gate line G2.

[0037] In the illustrated example, the source line S1 is
arranged at the left-hand side end in the pixel PX. Precisely,
the source line S1 is arranged striding over a boundary
between the illustrated pixel and a pixel PX adjoining the
illustrated pixel PX on the left-hand side. The source line S2
is arranged at the right-hand side end. Precisely, the source
line S2 is arranged striding over a boundary between the
illustrated pixel and a pixel PX adjoining the illustrated pixel
PX on the right-hand side. Moreover, in the pixel PX, the gate
line G1 is arranged at an upper end portion. Precisely, the gate
line G1 is arranged striding over a boundary between the
illustrated pixel and a pixel which adjoins the illustrated pixel
PX on its upper end side. The gate line G2 is arranged at a
lower end portion. Precisely, the gate line G2 is arranged
striding over a boundary between the illustrated pixel and a
pixel which adjoins the illustrated pixel PX on its lower end
side. The auxiliary capacitance line C1 is arranged approxi-
mately in a central portion of the pixel PX.

[0038] The switching element SW is electrically connected
with the gate line G1 and the source line S1 in the illustrated
example. Namely, the switching element SW is formed in an
intersection of the gate line G1 with the source line S1. A
drain line extends along the source line S1 and the auxiliary
capacitance line C1, and is electrically connected with the
pixel electrode PE through a contact hole CH formed in a
region which overlaps with the auxiliary capacitance line C1.
The switching element SW is formed in the overlapped region
with the source line S1 and the auxiliary capacitance line C1
and hardly runs off the overlapped region. Thereby, reduction
of the area of an aperture which contributes to a display is
suppressed when the switching element SW is arranged in the
pixel PX.

[0039] Thepixel electrode PE is equipped with a main pixel
electrode PA and a contact portion PC electrically connected
each other. The main pixel electrode PA linearly extends from
the contact portion PC to a vicinity of an upper end and a
vicinity of a bottom end of the pixel PX along the second
direction Y. The main pixel electrode PA is formed in the
shapeofabelt, and has the same width along the first direction
X. The contact portion PC is located in a region which over-
laps with the auxiliary capacitance line C1, and is electrically
connected with the switching element SW through a contact
hole CH. The contact portion PC is formed more broadly than
the main pixel electrode PA.
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[0040] The pixel electrode PE is arranged approximately in
a central position between the source line S1 and the source
line 82, i.e., the center of the pixel PX. The distance between
the source line S1 and the pixel electrode PE in the first
direction X is substantially equal to that between the source
line S2 and the pixel electrode PE in the first direction X.
[0041] The common electrode CE is equipped with a main
commor electrode CA. The main common electrodes CA are
arranged on both sides which sandwich the main pixel elec-
trode PA extending linearly along the second direction Y
substantially in parallel with the pixel electrode PA inthe X-Y
plane. While the main common electrodes CA counter with
the source lines S, respectively, the main common electrodes
CA extend substantially in parallel with the main pixel elec-
trode PA. The main common electrodes CA are formed in the
shape of a belt, and have the substantially same width along
the first direction X.

[0042] In the illustrated example, the main common elec-
trodes CA are arranged at right-and-left both ends of the pixel
PX, respectively, in two lines in parallel along the first direc-
tion X. Hereinafter, in order to distinguish the two lines, the
main common electrode CA of the left-hand side in the figure
is called CAL, and the main common electrode of the right-
hand side in a figure is called CAR. The main common
electrode CAL counters with the source line S1, and the main
commor electrode CAR counters with the source line S2. In
the active area ACT or outside of the display area, the main
common electrodes CAL and the main common electrode
CAR are electrically connected each other.

[0043] Inthe pixel PX, the main common electrode CAL is
arranged at the left-hand side end. Precisely, the main com-
mon electrode CAL is arranged striding over a boundary
between the illustrated pixel and a pixel which adjoins the
illustrated pixel PX on the left-hand side. The main common
electrode CAR is arranged at the right-hand side end. Pre-
cisely, the main common electrode CAR is arranged striding
over a boundary between the illustrated pixel and a pixel
which adjoins the illustrated pixel PX on the right-hand side.
[0044] Ifits attention is paid to the positional relationship
between the pixel electrode PE and the main common elec-
trode CA, the pixel electrode PE and the main common elec-
trode CA are arranged by turns along the first direction X. The
pixel electrodes PE and the main common electrode CA are
arranged substantially in parallel each other. At this time,
none of the main common electrodes CA overlaps with the
pixel electrode PE in the X-Y plane.

[0045] One pixel electrode PE is located between the
adjoining main common electrode CAL and the main com-
mon electrode CAR. The main common electrode CAL and
the main common electrode CAR are arranged on the both
sides which face across the position right above the pixel
electrode PE. The pixel electrode PE is arranged between the
main common electrode CAL and the main common elec-
trode CAR. For this reason, the main common electrode
CAL, the main pixel electrode PE, and the main common
electrode CAR are arranged along the first direction X in this
order.

[0046] The inter-electrode distance between the main com-
mon electrode CAL and the pixel electrode PE in the first
direction X is substantially the same as that between the main
common electrode CAR and the pixel electrode PE in the first
direction X.

[0047] FIG. 3is across-sectional view schematically show-
ing a cross-sectional structure taken along line III-III in the
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liquid crystal display panel LPN shown in FIG. 2. In addition,
only aportion required for explanation is illustrated here. The
backlight 4 is arranged on the back side of the array substrate
AR in the illustrated example. Various types of backlights 4
can be used. For example, a light emitting diode (LED) or a
cold cathode fluorescent lamp (CCFL), etc., can be applied as
alight source of the backlight 4, and the explanation about its
detailed structure is omitted.

[0048] The array substrate AR is formed using a first insu-
lating substrate 10 which has a transmissive characteristics.
The sourceline S is formed on a first interlayer insulating film
11, and is covered with a second interlayer insulating film 12.
In addition, the gate line and the auxiliary capacitance line
which are not illustrated are arranged between the first insu-
lating substrate 10 and the first interlayer insulating film 11,
for example. The pixel electrode PE is formed on the second
interlayer insulating film 12. The pixel electrode PE is located
inside of the pixel rather than the position on the respective
adjoining source lines S.

[0049] A first alignment film AL1 is arranged on the array
substrate AR facing the counter substrate CT, and extends to
whole active area ACT. The first alignment film AL1 covers
the pixel electrode PE, etc., and is arranged also on the second
interlayer insulating film 12. The first alignment film AL is
formed of the material which shows a vertical alignment
characteristics. In addition, the array substrate AR may be
further equipped with aportion of the common electrodes CE.
[0050] 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, and a second alignment film AL2, etc.

[0051] The black matrix BM is formed on the second insu-
lating substrate 20 defining each pixel PX, and forms an
aperture portion AP. That is, the black matrix BM is arranged
so that line portions, such as the source line, the gate line, the
auxiliary capacitance line, and the switching element, 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 includes a portion extend-
ing along the first direction X. The black matrix BM is formed
an internal surface 20A of the second insulating substrate 20
facing the array substrate AR.

[0052] A 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
adjoining pixels PX in the first direction X differ mutually.
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 CFR formed of resin material
colored in red is arranged corresponding to the red pixel. The
blue color filter CFB formed of resin material colored in blue
is arranged corresponding to the blue pixel. The green color
filter CFG 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 overlaps with the black matrix BM.

[0053] The overcoat layer OC covers the color filter CF.
This overcoat layer OC eases influence of concave-convex of
the surface of the color filter CF. The common electrode CE is
formed on the overcoat layer OC facing the array substrate
AR.
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[0054] The second alignment film AL2 is arranged on the
counter substrate CT facing the array substrate AR, and
extends to whole active area ACT. The second alignment film
AL2 covers the common electrode CE, the overcoat layer OC,
etc. The second alignment film A2 shows vertical alignment
characteristics.

[0055] The first alignment film AL1 and the second align-
ment film AL2 can be formed before or after attaching the
array substrate AR and the counter substrate CT. They can be
formed using generally known technique. For example, the
first alignment film AL1 and the second alignment film ALL2
can be formed by forming the vertical alignment film on the
substrate before attaching the array substrate AR with the
counter substrate CT. Moreover, by adding a monomer into
the liquid crystal material, the first alignment film AL1 and
the second alignment film AL2 can also be formed after
attaching the array substrate AR and the counter substrate CT.
[0056] The first alignment film A1 and the second align-
ment film AL2 initially align the liquid crystal molecule of the
liquid crystal layer LQ in a third direction Z. Here, the third
direction Z is a direction perpendicular to the plane of the
array substrate AR and the counter substrate CT, and inter-
sects perpendicularly the first direction X and the second
direction Y.

[0057] 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 um cell gap, is formed,
for example. The array substrate AR and the counter substrate
CT are pasted together by seal material which is not illus-
trated, in which the predetermined cell gap is formed.
[0058] The liquid crystal layer LQ is held at the cell gap
formed between the array substrate AR and the counter sub-
strate CT, and is arranged between the first alignment film
AL1 and the second alignment film AL2. The liquid crystal
layer LQ contains the liquid crystal molecule which is not
illustrated. The liquid crystal layer LQ is constituted by posi-
tive type liquid crystal material. The liquid crystal layer LQ is
formed of a vertical alignment type liquid crystal material.
[0059] In addition, the main common electrodes CA
located above the source lines S counter with the black matrix
BM, respectively, and have the width equal to or less than the
black matrix BM in the first direction X. Accordingly, the
main common electrode CA does not extend beyond an over-
lapped portion with the black matrix BM to the pixel elec-
trode PE side. For this reason, the opening which contributes
to a display corresponds to a region between the pixel elec-
trode PE and the main common electrode CA in the regions
between the adjoining black matrixes BM or between the
adjoining source lines S.

[0060] FIG. 4 is an exploded perspective view showing a
portion of the above-mentioned liquid crystal display panel
LPN, and is a figure showing an absorption axis of a polariz-
ing plate and a slow axis of a retardation film. As shown in
FIG. 3 and F1G. 4, a first optical element OD1 is attached on
an external surface 10B of the array substrate AR, i.e., the
external surface of the first insulating substrate 10 which
constitutes the array substrate AR, by adhesives, etc. The first
optical element OD1 is located in a side which counters with
the backlight unit 4 of the liquid crystal display panel LPN,
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and controls the polarization state of the incident light which
enters into the liquid crystal display panel LPN from the back
light unit 4.

[0061] A second optical element OD2 is attached on an
external surface 20B of the counter substrate CT, i.e., the
external surface of the second insulating substrate 20 which
constitutes the counter substrate CT, by adhesives etc. The
second optical element OD2 is located in 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.

[0062] The first optical element OD1 is formed by a first
polarizing plate PL1 which counters the external surface of
the first insulating substrate 10 and a first retardation film PD1
which are located between the first insulating substrate 10 and
the first polarizing plate PL1. The first polarizing plate PL1
has an absorption axis in a fourth direction d4. The first
retardation film PD1 has a slow axis in a fifth direction d5.

[0063] The second optical element OD2 is formed by a
second polarizing plate PL2 which counters the external sur-
face of the second insulating substrate 20 and a second retar-
dation film PD2 which are located between the second insu-
lating substrate 20 and the second polarizing plate PL2. The
second polarizing plate PL.2 has the absorption axis in the fifth
direction d5. The second retardation film PD2 has the slow
axis in the fourth direction d4.

[0064] Here, the fourth direction d4 is a direction which
inclines by 45 degrees from the first direction X and the
second directionY in the X-Y plane. The fifth direction d5 is
a direction which intersects perpendicularly the fourth direc-
tion d4 in the X-Y plane. Since the absorption axis of the first
polarizing plate PL1 and the absorption axis of the second
polarizing plate PL2 are arranged in a spatial relationship in
which the absorption axis of the first polarizing plate PL1 and
the second polarizing plate PL2 intersect perpendicularly, the
first polarizing plate PL1 and the second polarizing plate PL.2
are arranged in the Cross Nicol state.

[0065] The first retardation film PD1 and the first polarizing
plate PL1 are arranged so that the slow axis and the absorption
axis intersect perpendicularly. The second retardation film
PD2 and the second polarizing plate PL2 are arranged so that
the slow axis and the absorption axis intersect perpendicu-
larly. Thereby, the first retardation film PD1 and the second
retardation film PD2 can compensate the viewing angle
dependency property of the first polarizing plate PL1 and the
second polarizing plate PL2.

[0066] Moreover, not only the above-mentioned example,
but the first polarizing plate PL.1 may have the absorption axis
in the fifth direction d5, the first retardation film PD 1 may
have the slow axis in the fourth direction d4, the second
polarizing plate PL2 has the absorption axis in the fourth
direction d4, and the second retardation film PD2 may have
the slow axis in the fifth direction d5. In addition, it is neces-
sary that the directions of the absorption axis of the polarizing
plate and the slow axis of the retardation film are matched
with behavior of the liquid crystal molecules.

[0067] Next, the operation of the liquid crystal display
panel LPN of the above-mentioned structure is explained.
FIG. 5 is a plan view showing the pixel electrode PE and the
common electrode CE of the liquid crystal display panel
LPN, and is a schematic view showing the alignment state of
the liquid crystal molecule LM in case voltage is not
impressed to the liquid crystal layer LQ. FIG. 6 is a cross-
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sectional view schematically showing a structure taken along
line VI-VI in the liquid crystal display panel LPN shown in
FIG. 5.

[0068] As shown in FIG. 3, FIG. 5, and FIG. 6, in a state
where voltage is not impressed to the liquid crystal layer LQ,
i.e., the state where electric field is not formed between the
pixel electrode PE and the common electrode CE (at the time
of OFF), the first alignment film AL1 and the second align-
ment film AL2 align the liquid crystal molecule LM of the
liquid crystal layer LQ in the third direction Z (vertical align-
ment). The time of OFF corresponds to the initial alignment
state, and the alignment direction of the liquid crystal mol-
ecule LM at the time of OFF corresponds to the initial align-
ment direction.

[0069] Since the liquid crystal layer LQ has positive refrac-
tive-index anisotropy, it can be presumed that the liquid crys-
tal layer LQ is a positive uniaxial optical film in the state
where the liquid crystal molecule LM aligns in the third
direction 7. The first retardation film PD1 and the second
retardation film PD2 are formed so that they function as a
negative uniaxial optical film as a total. Thereby, phase dif-
ference among the liquid crystal layer LQ, the first retardation
film PD1 and the second retardation film PD2 is set to O as a
total. Since the refractive-index anisotropy of the liquid crys-
tal layer LQ and the retardation films (PD1, PD2) is compen-
sated mutually, a good black display can be obtained.

[0070] FIG. 7is a plan view showing the pixel electrode PE
and the common electrode CE of the liquid crystal display
panel LPN, and is a schematic view showing the alignment
state of the liquid crystal molecule LM in case voltage is
impressed to the liquid crystal layer LQ. FIG. 8 is a cross-
sectional view schematically showing a structure taken along
line VIII-VIII in the liquid crystal display panel LPN shown
in FIG. 7.

[0071] AsshowninFIG. 7 and FIG. 8, substantially parallel
lateral electric field (or oblique electric field) is formed
between the pixel electrode PE and the common electrodes
CE in the state where voltage is impressed to the liquid crystal
layer LQ, i.e., in the state where electric field is formed
between the pixel electrode PE and the common electrode CE
(at the time of ON). The liquid crystal molecule LM is
affected by the electric field, and inclines in the first direction
X from the third direction Z (switching).

[0072] Thus, in each pixel PX, where electric field is
formed between the pixel electrode PE and the common
electrode CE, the alignment direction of the liquid crystal
molecule LM is divided into two or more directions by being
bordered with the pixel electrode PE, and forms domains in
each alignment direction. That is, two or more domains are
formed in one PX.

[0073] Although, in the liquid crystal layer L.Q and the
retardation films (PD1, PD2) as a whole, phase difference
decreases a little at the X-Y plane, it is almost constant.
Moreover, the first polarizing plate PL1 and the second polar-
izing plate PL2 are arranged so that, the fourth direction d4
(the direction of the absorption axis of the first polarizing
plate PL1) and the fifth direction d5 (the direction of the
absorption axis ofthe second polarizing plate PL2) may be set
to 45 degrees with respect to the X direction (direction to
which the liquid crystal molecule LM inclines). Since the
backlight emitted from the backlight unit 4 at the time of ON
penetrates the liquid crystal display panel LPN, a good image
display (white display) can be obtained.
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[0074] 1Inthe liquid crystal display device according to the
first embodiment constituted as mentioned above, the liquid
crystal display panel LPN is equipped with the array substrate
AR, the counter substrate CT, and the liquid crystal layer LQ.
The array substrate AR has the pixel electrode PE containing
the main pixel electrode PA and the first alignment film A1
that shows vertical alignment characteristics. The counter
substrate CT has two main common electrodes CA and the
second alignment film AL2 that shows vertical alignment
characteristics. The liquid crystal layer LQ has positive
dielectric anisotropy.

[0075] As mentioned above, the distance between the main
pixel electrode PA and the main common electrode CA in the
direction X is larger than the thickness of the liquid crystal
layer. Specifically, the distance between the main pixel elec-
trode PA and the main common electrode CA is larger more
than twice the thickness of the liquid crystal layer. For this
reason, it becomes possible to act substantially lateral electric
field in parallel to the substrate on the liquid crystal layer LQ.
Thereby, even if it is in a case where the liquid crystal mol-
ecule LM formed of the p type liquid crystal material is
initially aligned vertically, the long axis of the liquid crystal
molecule LM is aligned in the lateral electric field. Both the
polar angle and the directional angle of the liquid crystal
molecule LM can be specified. Accordingly, the liquid crystal
display device with large regulation strength for alignment
(intensity for alignment) of the liquid crystal molecule can be
obtained.

[0076] Moreover, since the p type liquid crystal material
cheaper than the n type liquid crystal material can be used,
reduction of manufacturing cost can be made. Since the first
alignment film AL1 and the second alignment film AL2 can
be formed without performing rubbing (alignment treat-
ment), it becomes possible to suppress electrostatics break-
down by the rubbing.

[0077] Here, the inventors investigated generating of poll-
ing by applying external pressure. When it was investigated
whether the finger pressing trace would leave or not, the trace
was not generated at all in the liquid crystal display device
formed as mentioned above. Namely, the pooling was not
generated. The inventors also investigated the generation of
the pooling in the display modes such as the VA (Vertical
Alignment) mode and the MVA (Multi-domain Vertical
Alignment) mode as comparative examples. The result was
that, in the liquid crystal display in MVA mode, the pressing
trace by finger is left, i.e., the polling was generated.

[0078] Furthermore, the inventors also investigated the
response time of the liquid crystal. When the response time of
the liquid crystal of the liquid crystal display device in the
MVA mode was standardized to 1.0, the response time of the
liquid crystal of the liquid crystal display according to this
embodiment was 0.8, and became earlier than the liquid crys-
tal display device in the MVA mode. This difference of the
response time is generated because the angle of the direc-
tional is not specified in the liquid crystal display device in the
MVA mode, in which n type liquid crystal material is used.
[0079] 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 CAL and CAR in order to make trans-
missivity of each pixel high enough. Moreover, in the product
specifications in which a pixel pitch differs each other, the
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same effect as the embodiment mentioned above can be
acquired by changing the inter-electrode distance, i.e., by
changing the arrangement location of the main common elec-
trodes CA with respect to the pixel electrode PE arranged in
the center of the pixel. That is, in the display mode according
to this embodiment, it becomes possible to offer the product
having various pixel pitches by setting up inter-electrode
distance without necessarily using microscopic processing
corresponding to the product specification from low resolu-
tion with a comparatively large pixel pitch to high resolution
with a comparatively small pixel pitch. Therefore, it becomes
possible to realize the demand for high transmissivity and
high resolution easily.

[0080] Moreover, if its attention is paid to the transmissiv-
ity distribution in the region which overlaps with the black
matrix BM, the transmissivity fully falls. This is because the
leak of electric field 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
ofthe black matrix BM. That is, it is because the liquid crystal
molecule of the region which overlaps with the black matrix
BM maintains the state of initial alignment like at the OFF
time (or the time of a black display). Therefore, even ifitisa
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 reproducibility and the contrast ratio.

[0081] 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 of the both sides and the pixel elec-
trode PE. However, the alignment shift is produced in com-
mon to all the 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 color of the color filter differs
between the adjoining pixels, it becomes possible to control
generating of mixed colors, and also becomes possible to
realize more genuine color reproducibility nature.

[0082] In this embodiment, the main common electrode
CA counters with the source line S. When the main common
electrode CAL and the main common electrode CAR are
especially arranged above the source line S1 and the source
line S2, respectively, the aperture portion AP which contrib-
utes to the display can be expanded as compared with the case
where the second main common electrode CAL and the sec-
ond main common electrode CAR are arranged on the main
pixel electrode PA side rather than above the source line S1
and the source line S2, and it becomes possible to improve the
transmissivity of the pixel PX.

[0083] Moreover, it becomes possible to expand the dis-
tances between the main pixel electrode PE and the second
main common electrode CAL, and between the main pixel
electrode PE and the second main common electrode CAR by
arranging each of the second main common electrodes CAL
and the second main common electrode CAR above the
source line S1 and the source line S2, respectively, and also
becomes possible to form more horizontal electric field closer
to the horizontal direction. For this reason, it becomes pos-
sible to also maintain the wide viewing angle which is advan-
tages of the general IPS mode. Moreover, the above-men-
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tioned liquid crystal display device is excellent in high-speed
response, and also in alignment stability.

[0084] Moreover, according to this embodiment, it
becomes possible to form two or more domains in each pixel.
For this reason, a viewing angle can be optically compensated
in two or more directions, and wide viewing angle is attained.
[0085] Furthermore, at the time of ON, since horizontal
electric field is hardly formed (or sufficient electric field to
drive theliquid crystal molecule LM is not formed), the liquid
crystal molecule .M hardly moves from the initial alignment
direction like at the time of OFF. For this reason, as men-
tioned-above, even if the pixel electrode PE and the common
electrode CE are formed of the electric conductive material
with the light transmissive characteristics in these domains,
back light hardly penetrates, and 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 conductive material, and may
be formed using electric conductive materials, such as alumi-
num and silver.

[0086] Next, the liquid crystal display device according to
a second embodiment is explained in detail. In this embodi-
ment, the same mark is given to the same functional portion as
the first embodiment, and detailed explanation is omitted.
FIG. 9 is a plan view schematically showing the structure of
one pixel PX when the liquid crystal display panel LPN of the
liquid crystal display device according to a second embodi-
ment is seen from the counter substrate side.

[0087] As shown in FIG. 9, the structure of the pixel PX is
different as compared with the structure shown in FIG. 2 in
the point that the pixel electrode PE is formed in the shape of
a cross, and that the common electrode CE is formed in the
shape of a lattice so as to surround the pixel PX.

[0088] Thepixel electrode PE is equipped with a main pixel
electrode PA and a sub-pixel electrode PB which are electri-
cally connected mutually. The main pixel electrode PA and
the sub-pixel electrode PB are covered by the first alignment
film AL1. The main pixel electrode PA linearly extends along
the second direction Y from the sub-pixel electrode PB to a
vicinity of an upper end and a vicinity of a bottom end of the
pixel PX. The sub-pixel electrode PB extends along the first
direction X. The sub-pixel electrode PB is located in a region
which overlaps with the auxiliary capacitance line C1, and is
electrically connected with the switching element through a
contact hole CH. In the illustrated example, the sub-pixel
electrode PB is formed substantially in the center of the pixel
PX, and the pixel electrode PE is formed in the cross shape.
[0089] The common electrode CE includes sub-common
electrodes CB which extend along the first direction X
besides the above-mentioned main common electrode CA.
The sub-common electrodes CB are arranged with a prede-
termined distance in the second direction Y, and sandwiches
the main pixel electrodes PA in the second direction Y. The
sub-common electrodes CB are electrically connected with
the main common electrodes CA. The sub-common elec-
trodes CB are covered by the second alignment film AL2 with
the main common electrode CA.

[0090] The main common electrodes CA and the sub-com-
mon electrode CB are formed integrally or continuously. The
sub-common electrode CB counters with each of the gate
lines G. In the illustrated example, the sub-common electrode
CB is constituted by two lines extending along the first direc-
tion X. In order to distinguish the two lines, the sub-common
electrode of the upper portion in the figure is called CBU, and

Mar. 7, 2013

the sub-common electrode of the bottom portion in the figure
is called CBB hereinafter. The sub-common electrode CBU is
arranged at the upper end of the pixel PX, and counters with
the gate line G1. That is, the sub-common electrode CBU is
arranged striding over a boundary between the illustrated
pixel and a pixel adjoining the illustrated pixel PX onits upper
side. Moreover, the sub-common electrode CBB is arranged
at the bottom end of the pixel PX, and counters with the gate
line G2. That is, the sub-common electrode CBB is arranged
striding over a boundary between the illustrated pixel and a
pixel adjoining the illustrated pixel PX on the bottom side.
[0091] Ifits attention is paid to the positional relationship
between the pixel electrode PE and the common electrode
CE, the main pixel electrode PA and the main common elec-
trode CA are arranged by tumns along the first direction X, and
the sub-pixel electrode PB and the sub-common electrode CB
are arranged by turns along the second direction Y. That is,
between the adjoining main common electrode CAL and the
main common electrode CAR, one main pixel electrode PA is
located. The main common electrode CAL, the main pixel
electrode PA, and the main common electrode CAR are
arranged in a line along the first direction X in this order.
Moreover, between the adjoining sub-common electrode
CBB and the sub-common electrode CBU, one sub-pixel
electrode PB is located, and the sub-common electrode CBB,
the sub-pixel electrode PB, and the sub-common electrode
CBU are arranged in a line along the second directionY in this
order.

[0092] In addition, in the second embodiment, the first
polarizing plate PL1 has an absorption axis in the first direc-
tion X, and the first retardation film PD1 has a slow axis in the
second direction Y. The second polarizing plate PL.2 has the
absorption axis in the second direction Y, and the second
retardation film PD2 has the slow axis in the first direction X.
[0093] Not limited to above example, the first polarizing
plate PL1 may have the absorption axis in the second direc-
tion Y, and the first retardation film PD1 may have the slow
axis in the first direction X. The second polarizing plate PL2
may have the absorption axis in the first direction X, and the
second retardation film PD2 may have the slow axis in the
second directionY.

[0094] FIG. 10 is a plan view showing the pixel electrode
PE and the common electrode CE of the above-mentioned
liquid crystal display panel LPN, and is a schematic view
showing the alignment state of the liquid crystal molecule LM
in case voltage is not impressed to the liquid crystal layer LQ.
[0095] In the state where voltage is not impressed to the
liquid crystal layer LQ as shown in FIG. 3 and F1G. 10, like
the first embodiment, that is, electric field is not formed
between the pixel electrode PE and the common electrode
CE, the first alignment film AL1 and the second alignment
film AL2 align the liquid crystal molecule LM of the liquid
crystal layer LQ in the third direction Z (vertical alignment).
The state (at the time of OFF) corresponds to the state of
initial alignment, and the alignment direction of the liquid
crystal molecule LM at the time of OFF corresponds to the
direction of initial alignment.

[0096] Since the liquid crystal layer LQ has positive refrac-
tive-index anisotropy, after the liquid crystal molecule LM is
aligned in the third direction Z, the liquid crystal layer LQ can
be deemed as a positive uniaxis optical film. The first retar-
dation film PD1 and the second retardation film PD2 are
formed so that the films totally function as a negative uniaxis
optical film. Thereby, phase difference is set to 0 by the liquid
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crystal layer LQ, the first retardation film PD1 and the second
retardation film PD?2 as a total. Since the liquid crystal layer
LQ and the refractive-index anisotropy of the retardation
films (PD1, PD2) are compensated mutually, a good black
display is obtained.

[0097] FIG. 11 is a plan view showing the pixel electrode
PE and the common electrode CE of the above-mentioned
liquid crystal display panel LPN, and is a schematic view
showing the alignment state of the liquid crystal molecule LM
in case voltage is impressed to the liquid crystal layer LQ.
[0098] In the state where the voltage is impressed to the
liquid crystal layer LQ (at the time of ON), i.e., the state
where electric field is formed between the pixel electrode PE
and the common electrode CE as shown in FIG. 11, parallel
lateral electric field (or oblique electric field) is formed
between the pixel electrode PE and the common electrodes
CE. Theliquid crystal molecule LM is affected by the electric
field, and inclines, i.e., is switched in general from the third
direction Z to the fourth direction d4 or fifth direction d5.
[0099] Thus, in each pixel PX, when electric field is formed
between the pixel electrode PE and the common electrode
CE, the direction of the alignment of the liquid crystal mol-
ecule LM is divided in two or more directions by being
divided by the pixel electrode PE, and a plurality of domains
corresponding the respective directions are formed. That is,
the plurality of domains is formed in one PX. Therefore, it
becomes possible to form more domains than the first
embodiment, and also becomes possible to expand the view-
ing angle.

[0100] In the whole of the liquid crystal layer LQ and
retardation films (PD1, PD2), although phase difference
decreases a little in the X-Y plane, it is almost constant.
Moreover, the first polarizing plate PL1 and the second polar-
izing plate PL2 are arranged so that the fourth direction d4
and the fifth direction d5 (direction to which the liquid crystal
molecule LM inclines), may be 45 degrees with respect to the
first direction X (the direction of the absorption axis of the
first polarizing plate PL1) and the second direction Y (the
direction of the absorption axis of the second polarizing plate
PL2), respectively. Since the backlight emitted from the back-
light unit 4 at the time of ON penetrates the liquid crystal
display panel LPN, a good image display (white display) is
performed.

[0101] According to the liquid crystal display device
according to the second embodiment constituted as men-
tioned above, the liquid crystal display panel LPN is equipped
with the array substrate AR, the counter substrate CT, and the
liquid crystal layer LQ. Since the lateral electric field can be
made to act on the liquid crystal layer LQ by the pixel elec-
trode PE and the common electrode CE, even ifitis in a case
where the liquid crystal molecule LM is initially aligned
perpendicularly, the liquid crystal layer LQ can be formed by
p type liquid crystal material, and the liquid crystal molecule
LM can be aligned in the direction in which the long axis is
aligned along the lateral electric field. The lateral electric field
can define both the polar angle and the directional angle of the
liquid crystal molecule LM. In addition, the same effect as the
first embodiment is acquired. Accordingly, the liquid crystal
display device with large regulation strength for alignment
(intensity for alignment) of the liquid crystal molecule can be
obtained as mentioned above.

[0102] In each pixel PX, when electric field is formed
between the pixel electrode PE and the common electrode
CE, it becomes possible to form more domains than the
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example shown in the first embodiment, and also becomes
possible to expand the viewing angle. Furthermore, it
becomes possible to make the regulation strength for align-
ment of the liquid crystal molecule larger than the first
embodiment.

[0103] Since the pixel can be divided into four domains so
that the arrangement direction of the liquid crystal molecules
in each domain may forms a crossing-angle of substantially
90 degrees therebetween when voltage is impressed to the
liquid crystallayer, the improvement of symmetrical property
of the visual-angle characteristic and suppression of inversion
phenomenon are realizable.

[0104] Next, the liquid crystal display device according to
athird embodiment is explained in detail. In this embodiment,
the same mark is given to the same functional portion as the
second embodiment, and that detailed explanation is omitted.
FIG. 12 is a plan view schematically showing the structure of
the pixel PX when the liquid crystal display panel LPN ofthe
liquid crystal display according to the third embodiment is
seen from the counter substrate side.

[0105] As showninFIG. 12, the structure of the pixel PX is
different from that shown in FIG. 9 in that a portion of the
common electrodes CE is formed in the array substrate AR
side. The common electrode CE is further equipped with a
pair of main common electrodes CC and a pair of sub-com-
mon electrodes CD which are formed in the array substrate
AR side.

[0106] In the X-Y plane, the main common electrodes CC
are arranged with a predetermined distance therebetween in
the first direction X, and facing the main common electrode
CA. The main common electrodes CC are formed so that
main common electrodes CC sandwiched the main pixel elec-
trode PA in the first direction X, and extend linearly along the
second direction Y. The main common electrodes CC counter,
respectively, with the source lines S and extend substantially
in parallel with the main pixel electrode PA. The main com-
mon electrodes CC are formed in the shape of a belt, and have
substantially the same width along the first direction X.

[0107] In the illustrated example, the main common elec-
trodes CC are arranged in two lines in parallel along the first
direction X, and are arranged at the right-and-left both ends of
the pixel PX, respectively. Hereinafter, in order to distinguish
the main common electrodes CC, the main common electrode
of the left-hand side in the figure is called CCL, and the main
common electrode of the right-hand side in the figure is called
CCR. Main common electrode CCL faces the source line S1,
and the main common electrode CCR faces the source line
S2.

[0108] Inthe pixel PX, the main common electrode CCL is
arranged at the left-hand side end, and the main common
electrode CCR is arranged at the right-hand side end. Pre-
cisely, the main common electrode CCL is arranged striding
over a boundary between the illustrated pixel PX and the
adjoining pixel PX on its left-hand side, and the main com-
mon electrode CCR is arranged a boundary between the illus-
trated pixel PX and the adjoining pixel PX on its right-hand
side.

[0109] Ifits attention is paid to the positional relationship
between the pixel electrode PE and the main common elec-
trode CC, the pixel electrode PE and main common electrode
CCare arranged by turns along the first direction X. The pixel
electrodes PE and the main common electrode CC are
arranged mutually and substantially in parallel. At this time,
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none of the main common electrodes CC overlaps with the
pixel electrode PE in the X-Y plane.

[0110] Onepixel electrode PE is located between adjoining
main common electrode CCL and main common electrode
CCR. That is, the pixel electrode PE is arranged between the
main common electrode CCL and the main common elec-
trode CCR. For this reason, the main common electrode CCL,
the main pixel electrode PA, and the main common electrode
CCR are arranged along the first direction X in this order.

[0111] The sub-common electrodes CD extend along the
first direction X. The sub-common electrodes CD are
arranged with a predetermined distance therebetween in the
second direction Y, sandwich the main pixel electrode PA in
the second direction Y, and are electrically connected with the
main common electrodes CC. The main common electrode
CCand the sub-common electrode CD are formed in the same
layer using the same material as the pixel electrode PE, and
are covered by the first alignment film AL1 with the pixel
electrode PE. The main common electrode CC and the sub-
common electrode CD are set to the same potential as the
main common electrode CA (sub-common electrode CB).

[0112] The main common electrodes CC and the sub-com-
mon electrodes CD are formed integrally or continuously.
The respective sub-common electrodes CD counter with each
of the gate lines G. In the illustrated example, the sub-com-
mon electrodes CD are constituted by two lines extending
along the first direction X. In order to distinguish the two
lines, the sub-common electrode arranged in the upper por-
tion in the figure is called CDU, and the sub-common elec-
trode arranged in the bottom portion in the figure is called
CDB hereinafter. The sub-common electrode CDU is
arranged at the upper end of the pixel PX, and counters with
the gate line G1. That is, the sub-common electrode CDU is
arranged striding over a boundary between the illustrated
pixel and a pixel adjoining the illustrated pixel PX on its upper
side. Moreover, the sub-common electrode CDB is arranged
at the bottom end of the pixel PX, and counters with the gate
line G2. That is, the sub-common electrode CDB is arranged
striding over a boundary between the illustrated pixel and a
pixel adjoining the illustrated pixel PX on the bottom side.

[0113] Ifits attention is paid to the positional relationship
between the pixel electrode PE and the common electrode
CE, the sub-pixel electrode PB and sub-common electrode
CD are arranged by turns along the second direction Y. That
is, between the adjoining sub-common electrode CDB and
sub-common electrode CDU, the sub-pixel electrode PB is
located. Furthermore, the sub-common electrode CDB, the
sub-pixel electrode PB, and the sub-common electrode CDU
are arranged in a line along the second direction Y.

[0114] FIG. 13 is a cross-sectional view schematically
showing the structure taking along line XIII-XI1I in the liquid
crystal display panel LPN shown in FIG. 12, and is a sche-
matic view showing the alignment state of the liquid crystal
molecule LM in case voltage is impressed to the liquid crystal
layer 1.Q.

[0115] As shown in FIG. 12 and FIG. 13, in the state where
voltage is impressed to the liquid crystal layer LQ between
the pixel electrode PE and the common electrodes CE (at the
time of ON), i.e., the state where electric field is formed
between the pixel electrode PE and the common electrode
CE, lateral electric field (or oblique electric field) is formed
between the pixel electrode PE and the common electrodes
CE. Theliquid crystal molecule LM is affected by the electric
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field, and inclines from the third direction Z to the fourth
direction d4 or the fifth direction d5 (switching).

[0116] In each pixel PX, when electric field is formed
between the pixel electrode PE and the common electrode
CE, a plurality of domains are formed in the PX. Since the
backlight emitted from the backlight unit 4 at the time of ON
penetrates the liquid crystal display panel LPN, a good image
display (white display) is performed.

[0117] The electric field is also formed not only between
the pixel electrode PE and the main common electrodes CA,
and between the pixel electrode PE the sub-common elec-
trodes CB, but between the pixel electrode PE and main
common electrode CC, and between the pixel electrode PE
and sub-common electrode CD. Further, since the liquid crys-
tal molecule LM inclines (switching) between the main com-
mon electrode CA and the main common electrode CC, and
between the sub-common electrode CB and sub-common
electrode CD, the liquid crystal molecule LM can contribute
to improvement in the transmissivity.

[0118] Moreover, when one pixel PX is seen in the X-Y
plane, the pixel electrode PE formed on the array substrate
AR is arranged inside the common electrode CE formed on
the counter substrate. In other words, in one pixel PX, the
pixel electrode PE is surrounded with the common electrode
CE. By arranging in this way, the pixel has a starting point and
a terminal point of electric flux line, and the electric flux line
of one pixel does not leak to adjoining pixels. For this reason,
for example, it can be controlled that electric field impressed
to theliquid erystal layer LQ is mutually affected between the
adjoining pixels PX in the second direction Y, and the liquid
crystal molecule of the pixel can not be driven under the
influence of the electric field from adjoining pixels PX.
Accordingly, the degradation of the display can be controlled.

[0119] Here, the inventors investigated the transmissivity
of the liquid crystal display panel LPN of the liquid crystal
display device according to this embodiment. Moreover, the
inventors also investigated the transmissivity of the liquid
crystal display panel LPN according to the second embodi-
ment in which the main common electrode CC and sub-
common electrode CD are not formed as a comparative
example.

[0120] FIG. 14 is a cross-sectional view schematically
showing the structure of the liquid crystal display panel LPN
of the comparative example with this embodiment, and is a
schematic view showing the alignment state of the liquid
crystal molecule LM in case voltage is impressed to the liquid
crystal layer LQ.

[0121] AsshowninFIG. 14, the liquid crystal display panel
LPN of the comparative example is formed like the liquid
crystal display panel LPN according to this embodiment
except being formed without the main common electrode CC
and the sub-common electrode CD.

[0122] The transmissivity was investigated, and the inves-
tigated transmissivity of the liquid crystal display panel LPN
according to the comparative example shown in FIG. 14 was
standardized to 1.0. Then, the transmissivity of the liquid
crystal display panel LPN according to this embodiment
shown in FIG. 13 was 1.05, and resulted in higher value than
the comparative example shown in FIG. 14. This is because
the liquid crystal molecule LM is fully inclined also in a
periphery of the aperture portion of the pixel PX in the liquid
crystal display panel LPN according to this embodiment
shown in FIG. 13 (switching).
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[0123] According to the liquid crystal display device
according to the third embodiment constituted as mentioned
above, the liquid crystal display panel LPN is equipped with
the array substrate AR, the counter substrate CT, and the
liquid crystal layer 1.Q. Since lateral electric field can be
made to act on the liquid crystal layer L.Q, with the pixel
electrode PE and the common electrode CE, evenifitisina
case where the liquid crystal molecule LM is initially aligned
vertically, the liquid crystal layer LQ can be formed by the p
type liquid crystal. Accordingly, it becomes possible to align
the liquid crystal molecule LM so that its long axis is aligned
along the lateral electric field direction. Both the polar angle
and the angle of direction of the liquid crystal molecule LM
can be specified by the lateral electric field. In addition, the
same effect as the second embodiment is acquired. The liquid
crystal display device with large regulation strength for align-
ment (intensity for alignment) of the liquid crystal molecule
can be obtained from the above-mentioned structure.

[0124] The common electrode CE is further equipped with
the main common electrode CC and the sub-common elec-
trode CD which are formed in the array substrate AR side.
Since the liquid crystal display panel LPN according to this
embodiment can make electric field act on the liquid crystal
layer LQ so that the liquid crystal molecule LM may be fully
inclined also in the periphery of the aperture portion of the
pixel PX (switching), the higher transmissivity can be
obtained than that of the liquid crystal display panel LPN
according to the second embodiment.

[0125] Moreover, undesirable electric field from the source
line S can be shielded by providing the main common elec-
trode CC. Further, undesirable electric field from the gate line
G and the auxiliary capacitance line C can be shielded by
providing the sub-common electrode CD. According to the
structure equipped with the main common electrode CC and
the sub-common electrode CD, it is possible to control the
degradation of the display grace.

[0126] In addition, the common electrode CE may be
equipped with at least one of the main common electrode CC
and the sub-common electrode CD. Alsointhis case, the main
common electrode CC and the sub-common electrode CD
can show the same effect as mentioned-above, respectively.
[0127] Next, the liquid crystal display device according to
a fourth embodiment is explained in detail. In this embodi-
ment, the same mark is given to the same functional portion as
the embodiment mentioned above, and that detailed explana-
tion is omitted. FIG. 15 is a cross-sectional view schemati-
cally showing the liquid crystal display device according to
the fourth embodiment.

[0128] As shown in FIG. 15, the liqud crystal display
device is equipped with a liquid crystal display panel LPN, a
sensing substrate 30, a protection plate 40, and adhesives 50
and 60. Any one of the liquid crystal display panels LPN
according to the first to third embodiments mentioned above
is used as the liquid crystal display panel LPN. Here, the
liquid crystal display panel LPN according to the first
embodiment is used.

[0129] The sensing substrate 30 counters with the display
surface of the liquid crystal display panel LPN. The sensing
substrate 30 has an input area R which overlaps with the
active area ACT. The sensing substrate 30 is equipped with a
function as a touch panel, and detects position information
inputted into the input area R by touching.

[0130] Theadhesives 50 are overlapped with the active area
ACT and the input area R at least. They are arranged between
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the liquid crystal display panel LPN and the sensing substrate
30, and attach the liquid crystal display panel LPN with the
sensing substrate 30. A screen fit system is adopted for attach-
ing the liquid crystal display panel LPN and the sensing
substrate 30. In the screen fit system, transparent adhesives
are filled up between the sensing substrate 30 and the liquid
crystal panel LPN.

[0131] The adhesives 50 are formed with material which
penetrates visible light at least. Moreover, the adhesives 50
can be formed by resin of light curing type using ultraviolet
ray or visible light, or resin of heat curing type. Furthermore,
the adhesives 50 may have a refractive index between the
refractive index of the second insulating substrate 20 (counter
substrate CT) and the refractive index of the sensing substrate
30. Thereby, the reflection of the light in the surface (inter-
face) of the adhesives 50 can be reduced.

[0132] A protection plate 40 counters with the sensing sub-
strate 30. The protection plate 40 decorates an input screen
(display surface of the liquid crystal display panel LPN) side
of the sensing substrate 30, that is, the appearance of the
liquid crystal display device is decorated with the protection
plate 40. The protection plate 40 is formed in the rectangle
shape using transparent insulating materials such as glass and
acrylic resin. The protection plate 40 has a frame region
formed apart from the active area ACT and the input area R.
A peripheral shield layer is formed in the frame region of the
protection plate 40. The peripheral shield layer can be formed
using black resin, etc.

[0133] Theadhesives 60 are overlapped with the active area
ACT and the input area R. They are located between the
sensing substrate 30 and the protection plate 40, and attach
the sensing substrate 30 and the protection plate 40. The
adhesives 60 are formed with the materials in which visible
light penetrates at least. As mentioned above, the screen fit
system is adopted to attach the sensing substrate 30 and the
protection plate 40, in which transparent adhesives are filled
up between the sensing substrate 30 and the protection plate
40.

[0134] Moreover, the adhesives 60 can be formed by resin
of light curing type using ultraviolet ray or visible light, or
resin of heat curing type. Furthermore, the adhesives 60 may
have a refractive index between the refractive index of the
sensing substrate 30 and the refractive index of the protection
substrate 40. Thereby, the reflection of the light in the surface
(interface) of the adhesives 60 can be reduced.

[0135] As a position detection method of the sensing sub-
strate 30, an electrostatic capacitance system, a resistive pres-
sure sensing system, a light detection system. an electromag-
netic induction system, etc., can be used. As input means 100,
an operatot’s finger, a conductive tool, etc., can be used. That
is, means suitable for the position detection method is chosen.
In any systems, the external pressure is applied to the external
surface of the protection plate 40 by the input means 100. The
external surface of the protection plate 40 is tapped, pushed,
and slid by the input means 100. As mentioned above, the
sensing substrate 30 can detect the position information on
the inputted position by applying the external pressure.
[0136] Since the screen fit system is used for the liquid
crystal display device as mentioned above, the external pres-
sure applied to the external surface of the protection plate 40
is more directly transmitted to the liquid crystal display panel
LPN comparing with a case where an air gap system is
adopted. Then, the layer thickness of the liquid crystal layer
LQ changes as mentioned later. However, in the liquid crystal
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display panel LPN according to the embodiment, the regula-
tion strength for alignment of the liquid crystal molecule is
large. For this reason, it is hard to generate polling etc., and
deterioration of display grace can be reduced, and also the
liquid crystal display panel LPN which can correctly display
an inputted character, picture, etc., is obtained.

[0137] According to the liquid crystal display device
according to the fourth embodiment constituted as mentioned
above, the liquid crystal display panel LPN is equipped with
the array substrate AR, the counter substrate CT, and the
liquid crystal layer LQ. Since the oblique electric field can be
made to act on the liquid crystal layer LQ by the pixel elec-
trode PE and the common electrode CE, even if it is a case
where the liquid crystal molecule LM initially aligns verti-
cally, the liquid crystal layer LQ can be formed by the p type
liquid crystal material, and the liquid crystal molecule LM
can be aligned in the direction in which the long axis is
aligned along the oblique electric field. The lateral electric
field can specify both the polar angle and the angle of direc-
tion of the liquid crystal molecule LM. In addition, the same
effect as the first embodiment is acquired. Accordingly, the
liquid crystal display device with large regulation strength for
alignment (intensity for alignment) of the liquid crystal mol-
ecule can be obtained as mentioned above.

[0138] The liquid crystal display panel LPN, the sensing
substrate 30, and the protection plate 40 are attached by the
screen fit system, respectively. Since reflection of the light in
the external surface (interface) of the liquid crystal display
panel LPN, the sensing substrate 30, and the protection plate
40 can be reduced, it becomes possible to reduce the aggra-
vation of the appearance of the displayed picture. Even if the
external pressure is transmitted to the liquid crystal display
panel LPN, generating of the polling can be prevented
because the liquid crystal display panel LPN with large regu-
lation strength for alignment of the liquid crystal molecule is
obtained.

[0139] Inthe embodiment, the liquid crystal display device
may be formed without the protection plate 40. In the case, the
sensing substrate 30 can be used so that the sensing substrate
30 may function also as the protection plate.

[0140] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. 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 having a plurality of

pixels, comprising:

a first substrate including a main pixel electrode and a first
alignment film formed on the main pixel electrode hav-
ing vertical alignment characteristics;

a second substrate including a pair of first main common
electrodes and a second alignment film formed on the
first main common electrodes having vertical alignment
characteristics; and

aliquid crystal layer held between the first substrate and the
second substrate having positive dielectric anisotropy;
wherein
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the main pixel electrode is arranged in a first direction

extending in a second direction orthogonally crossing

the first direction; and

the first main common electrodes are arranged in the first

direction extending in the second direction, respectively,

so as to sandwich the main pixel electrode.

2. The liquid crystal display device according to claim 1,
further comprising a sub-pixel electrode connected with the
main pixel electrode and extending in the first direction on the
first substrate, wherein

the second substrate includes a first sub-common electrode

and a second sub-common electrode covered by the

second alignment film with the first main common elec-
trodes, and

the first and second sub-common electrodes are arranged in

the second direction with a predetermined distance ther-

ebetween sandwiching the main pixel electrode, respec-
tively, and electrically connected with the first main
common electrodes.

3. The liquid crystal display device according to claim 2,
wherein the sub-pixel electrode is arranged in a central por-
tion of the pixel.

4. The liquid crystal display device according to claim 3,
wherein an auxiliary capacitance line is arranged under the
sub-pixel electrode.

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

the first substrate includes a pair of second main common

electrodes,

the second main common electrodes are arranged in the

first direction extending in the second direction so as to

sandwich the main pixel electrode and face the first main
common electrodes, respectively, and further

the second main common electrodes are covered with the

first alignment film with the main pixel electrode and set

to a same potential as the first main common electrodes.

6. The liquid crystal display device according to claim 5,
wherein a sub-pixel electrode is arranged in a central portion
of the pixel and connected with the main pixel electrode
extending in the first direction.

7. The liquid crystal display device according to claim 6,
wherein an auxiliary capacitance line is arranged under the
sub-pixel electrode.

8. A liquid crystal display device having a plurality of
pixels, comprising:

a first substrate including;

a pair of source lines arranged in a first direction and
extending in a second direction orthogonally crossing
the first direction,

a pair of gate lines arranged in the second direction and
extending in the first direction,

a pair of first main common electrodes formed on the
source lines, respectively,

amain pixel electrode extending in the second direction
and sandwiched by the pair of first main common
electrodes,

a firstalignment film formed on the main pixel electrode
and the first main common electrodes having vertical
alignment characteristics,

a second substrate including;

a pair of second main common electrodes arranged
above the first main common electrodes, respectively,
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a second alignment film formed on the second main
common electrodes having vertical alignment charac-
teristics, and

aliquid crystal layer held between the first substrate and the

second substrate and having positive dielectric anisot-

ropy.

9. The liquid crystal display device according to claim 8,
wherein a sub-pixel electrode is arranged in a central portion
of the pixel and connected with the main pixel electrode
extending in the first direction.

10. The liquid crystal display device according to claim 9,
wherein an auxiliary capacitance line is arranged under the
sub-pixel electrode.

11. A liquid crystal display device having a plurality of
pixels, comprising:

aliquid crystal display panel including;

a first substrate including a main pixel electrode and a
first alignment film formed on the main pixel elec-
trode having vertical alignment characteristics;

a second substrate including a pair of main common
electrodes and a second alignment film formed on the
main common electrodes having vertical alignment
characteristics; and

a liquid crystal layer constituted by liquid crystal mol-
ecules and held between the first substrate and the
second substrate, the liquid crystal molecule having
positive dielectric anisotropy;
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wherein the main pixel electrode is arranged in a first
direction extending in a second direction orthogo-
nally crossing the first direction; and the main com-
mon electrodes are arranged in the first direction and
extending in the second direction, respectively, so as
to sandwich the main pixel electrode; and

a sensing substrate arranged on an active area of the liquid

crystal display panel to detect a position information
inputted by applying pressure to the sensing substrate.

12. The liquid crystal display device according to claim 11,
further comprising a protection plate arranged on the sensing
substrate.

13. The liquid crystal display device according to claim 12,
wherein the sensing substrate is attached to the liquid crystal
display panel by resin adhesives, and the protection substrate
is attached to the sensing substrate by resin adhesives.

14. The liquid crystal display device according to claim 13,
wherein the resin adhesives have a refractive index between
the refractive index of the sensing substrate and the refractive
index of the protection plate.

15. The liquid crystal display device according to claim 11,
wherein the liquid crystal molecule is aligned along an
oblique electric field with respect to the first and second
substrates.
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