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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 Japanese Patent Application No. P2011-
112475, filed May 19, 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] In recent years, a flat panel display is developed
briskly, and especially, the liquid crystal display device gets a
lot of attention from advantages, such as light weight, thin
shape, and low power consumption. Especially, in an active
matrix type liquid crystal display device equipped with a
switching element in each pixel, a structure using lateral
electric field, such as IPS (In-Plane Switching) mode and FFS
(Fringe Field Switching) mode, attracts 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 substrate, respectively. Liquid crystal mol-
ecules are switched by the lateral electric field substantially in
parallel with the principal 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.1is a figure schematically showing a structure
of a liquid crystal display device according to an embodi-
ment.

[0007] FIG. 2 is a figure schematically showing the struc-
ture and an equivalent circuit of a liquid crystal display panel
shown in FIG. 1.

[0008] FIG. 3 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to one embodiment is seen from a counter substrate
side.

[0009] FIG. 4 is a view schematically showing a cross-
sectional structure of the liquid crystal display panel taken
along line A-A in FIG. 3.

[0010] FIG. 5 is a plan view schematically showing an
effective domain formed in one pixel.

[0011] FIG. 6 is a figure showing electric field distribution
in the FFS mode in one pixel in the liquid crystal display
panel.

[0012] FIG. 7 is a figure showing the relation between a
director of a liquid crystal molecule and transmissivity by
electric field between a comb-like electrode and a common
electrode in the FFS mode in the liquid crystal display panel
shown in FIG. 6.
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[0013] FIG. 8 is a figure showing the relation between the
director of the liquid crystal molecule and transmissivity by
electric field between a pixel electrode and a common elec-
trode in the liquid crystal display panel according to a first
embodiment.

[0014] FIG. 9 is a figure showing the relation between the
director of the liquid crystal molecule and transmissivity by
electric field between the pixel electrode and the common
electrode when an assembling shift arises between an array
substrate and a counter substrate in the liquid crystal display
panel according to the first embodiment.

[0015] FIG. 10 is a figure showing a result of a simulation
about the relation between resolution and transmissivity in a
display mode according to the first embodiment and the FFS
mode.

[0016] FIG. 11 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to a second embodiment is seen from the counter
substrate side.

[0017] FIG. 12 is a plan view schematically showing an
effective domain formed in one pixel.

[0018] FIG. 13 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to a third embodiment is seen from the counter
substrate side.

[0019] FIG. 14 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to a fourth embodiment is seen from the counter
substrate side.

DETAILED DESCRIPTION OF THE INVENTION

[0020] 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.
[0021] According to this embodiment, a liquid crystal dis-
play device includes: a first substrate including; a pair of first
signal lines extending in a first direction and a pair of second
signal lines extending in a second direction orthogonally
crossing the first direction, and a pixel electrode arranged
between the pair of second signal lines and extending in the
second direction, a second substrate including a common
electrode having a first main common electrode and a second
main common electrode respectively facing the pair of the
second signal lines and extending in the second direction, and
aliquid crystal layer having liquid crystal molecules and held
between the first substrate and the second substrate; wherein
the liquid crystal display device further includes an effective
domain surrounded by the pair of first signal lines and the pair
of second signal lines, or by the pair of first signal lines and
the first and the second main common electrodes, and a first
area formed of an electrode portion including the pixel elec-
trode is smaller than a second area formed of an aperture
portion other than the first area in the effective domain.
[0022] FIG. 1 is a figure schematically showing a structure
of the liquid crystal display device 1 according to one
embodiment.

[0023] The liquid crystal display device 1 includes an
active-matrix type liquid crystal display panel LPN, a driver
IC chip 2 connected to the liquid crystal display panel LPN, a
flexible wiring substrate 3, a backlight 4 for illuminating the
liquid crystal display panel LPN, etc.
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[0024] 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, a liquid crystal layer (not shown) held
between the array substrate AR and the counter substrate CT,
a first optical element provided on the backlight 4 side to
control the polarizing state of incident light to the liquid
crystal display panel LPN, and a second optical element
provided on the surface side of the panel LPN to control the
polarizing state of emitting light. 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).

[0025] 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 a light source of the backlight 4, and the expla-
nation about its detailed structure is omitted.

[0026] FIG. 2 is a figure schematically showing the struc-
ture and an equivalent circuit of the liquid crystal display
panel LPN shown in FIG. 1.

[0027] The liquid crystal display panel LPN is equipped
with “n” gatelines 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
correspond to first signal lines extending in a first direction,
respectively. The gate line G and the auxiliary capacitance
line C do not necessarily extend linearly. The gate line G and
the auxiliary capacitance line C are arranged along a second
direction Y that orthogonally intersects the first direction X.
The source lines S cross the gate line G and the capacitance
line C. The source lines S correspond to second signal lines
extending, respectively, in the second direction Y. Though the
source lines S extend in the second direction Y, respectively,
they do not necessarily extend linearly. The gate line G, the
auxiliary capacitance line C and the source lines S may be
crooked partially.

[0028] Each gate line G is pulled out to the 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
ofthe 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.

[0029] 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.

[0030] 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, the common electrode CE is
formed in the counter substrate CT. Liquid crystal molecules
of a liquid crystal layer LQ are switched mainly using an
electric field formed between the pixel electrodes PE and the
common electrodes 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 sur-
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face 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 sub-
strates.

[0031] The switching element SW is constituted by n chan-
nel type thin film transistor (TFT), for example. The switch-
ing 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 semi-
conductor layer may be formed of amorphous silicon.
[0032] The pixel electrode PE is electrically connected
with the switching element SW. The (mxn) pixel electrodes
PE are formed in the active area ACT. The common electrode
CE is set to a common potential, for example. The common
electrode CE is arranged in common to the plurality of pixel
electrodes PE through the liquid crystal layer LQ. 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 (IZO), etc., other metals
such as aluminum may be used.

[0033] The array substrate AR includes an electric power
supply portion VS formed outside of the active area ACT.
Furthermore, the common electrode CE formed on the
counter substrate CT is electrically connected with the elec-
tric power supply portion VS formed in the array substrate AR
through an electric conductive component which is not illus-
trated.

First Embodiment

[0034] FIG. 3 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.

[0035] The array substrate includes a gate line G1 and a
gate line G2 which extend in the first direction X, a capaci-
tance line C1 arranged between the adjoining the gate line G1
and the gate line G2 and extending along the first direction X,
a source line S1 and a source line S2 and a pixel electrode PE
which extend along the second direction Y.

[0036] 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.

[0037] 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
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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 hardly runs off the overlapped
region with the source line S1 and the auxiliary capacitance
line C1. 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.

[0038] In the illustrated pixel PX, the region shown with a
dashed line in the figure corresponds to the effective domain
EFF. The effective domain EFF is a region surrounded with
the gate line G1 and the gate line G2, the source line S1 and
the source line S2, or the main common electrode CA to be
mentioned later. That is, the effective domain EFF is defined
by inside edges of the respective signal lines or inside edges
ofthe main common electrode CA. The effective domain EFF
has the shape of a rectangle whose length in the second
direction Y is larger than the length in the first direction X.
That is, each edge of the gate line G1 and the gate line G2
which face each other corresponds to the short end of the
effective domain EFF. Moreover, in the illustrated example,
each edge of the main common electrode CA which faces
each other corresponds the long end of the effective domain
EFF.

[0039] The pixel electrode PE is arranged between the
adjoining source line S1 and the source line S2. Moreover, the
pixel electrode PE is arranged between the gate line G1 and
the gate line G2. That is, the pixel electrode PE is arranged in
the effective domain EFF. The pixel electrode PE extends
along the second directionY. That is, the pixel electrode PE is
formed in the shape of a belt linearly extending along the
second direction Y. In the illustrated example, in the region
which overlaps with the auxiliary capacitance line C1, the
pixel electrode PE is formed more widely than other portions
so as to secure contact with the switching element SW
through the contact hole CH. That is, the pixel electrode PE is
formed so as to have the same width along the first direction
X in the region which does not overlap with the auxiliary
capacitance line C1.

[0040] The pixel electrode PE is located inside the effective
domain EFF rather than the position on the adjoining source
line S1 and the source line S2. More specifically, the pixel
electrode PE is arranged in the position of approximately
center between the source line S1 and the source line S2, 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. The pixel electrode
PE extends from a vicinity of an upper end to a vicinity of a
bottom end of the pixel PX.

[0041] The counter substrate is equipped with a common
electrode CE. The common electrode CE includes a main
common electrode CA which extends along the second direc-
tion Y while countering with each of the source lines S. That
is, the main common electrode CA is formed in a belt shape or
in a stripe shape extending linearly along the second direction
Y. Although not explained in detail, the main common elec-
trode CA is pulled out to the outside of the active area, and is
electrically connected with the electric supply portion formed
in the array substrate through an electric conductive compo-
nent, and common potential is supplied.

[0042] In the illustrated example, the main common elec-
trode CA is arranged in two lines in parallel along the first
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direction 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
common electrode CAR counters with the source line S2.
That is, the main common electrode CA is arranged on the
both ends of the pixel, respectively.

[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 CAL 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] Moreover, the main common electrode CA has a
width equal to or larger than the source line S which counters.
In the illustrated example, the width of the main common
electrode CAL in the first direction X is larger than the width
of the source line S1 which counters the main common elec-
trode CAL in the first direction X, and has the width equal to
or smaller than the black matrix BM to be mentioned later.
Moreover, the main common electrode CAL is arranged right
above the source line S1, and is arranged right under the black
matrix BM. Accordingly, the main common electrode CAL is
arranged right above the source line of S1 and does not extend
to the effective domain EFF side beyond the position right
under the black matrix BM. That is, the main common elec-
trode CAL does not extend to the pixel electrode PE side
beyond the position right under the black matrix BM. Simi-
larly, the width of the main common electrode CAR in the first
direction X is larger than the width of the source line S2,
which counters the main common electrode CAR in the first
direction X, and has the width equal to or smaller than the
black matrix BM to be mentioned later. Moreover, the main
common electrode CAR is arranged right above the source
line S2, and is arranged right under the black matrix BM.
Accordingly, the main common electrode CAR is arranged on
the soured line S2 and does not extend to the effective domain
EFF side beyond the position right under the black matrix
BM. That is, the main common electrode CAR does not
extend to the pixel electrode PE side beyond the position right
under the black matrix BM. Thus, when the main common
electrode CA is arranged in the pixel PX, reduction ofthe area
of the aperture which contributes to a display is suppressed.

[0045] Thus, in case the main common electrode CA has
the width larger than the that of the source line S which
counters the main common electrode CA, the main common
electrode CA runs off the source line S extending to the pixel
electrode PE side. Accordingly, the respective inside edges of
the main common electrode CA, which face each other, cor-
respond to the long ends of the effective domain EFF. How-
ever, in order to control reduction of the area of the aperture
which contributes to the display as much as possible, it is
desirable to set up the extended area of the main common
electrode CA to the pixel electrode side as small as possible.
[0046] In addition, the main common electrode CA may
have the width smaller than the width of the source line S
which counters the main common electrode CA. In this case,
the source line S runs off the position right under the main
common electrode CA extending to the pixel electrode PE
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side, and the respective edges of the source lines S facing each
other correspond to the long ends of the effective domain EFF.
[0047] The main common electrode CA is arranged on the
both sides which sandwich the pixel electrode PE. That is, the
pixel electrode PE and the main common electrode CA are
arranged by turns along the first direction X. The pixel elec-
trodes PE and the main common electrode CA are substan-
tially in parallel each other. At this time, any of the main
common electrodes CA overlap with the pixel electrode PE in
the X-Y plane.

[0048] 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. 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.

[0049] The inter-electrode distance between the main com-
mon electrode CAL and the pixel electrode PE in the first
direction X in the X-Y plane, and the inter-electrode distance
between the main common electrode CAR and the pixel
electrode PE in the first direction X are less than 15 pm for
example. Under the above inter-electrode distance, it is desir-
able to use the liquid crystal molecule whose value of dielec-
tric anisotropy E is equal to ten or more, as the liquid crystal
layer LQ.

[0050] FIG. 4 is a view schematically showing a cross-
sectional structure of the liquid crystal display panel taken
along line A-A in FIG. 3. In addition, only the portion
required for explanation is illustrated here.

[0051] A backlight 4 is arranged on the back side of the
array substrate AR which constitutes the liquid crystal display
panel LPN.

[0052] The array substrate AR is formed using a first insu-
lating substrate 10 which has a transmissive characteristics.
The source line S1 and the source line S2 are formed on a first
interlayer insulating film 11, and are covered with a second
interlayer insulation film 12. In addition, the gate line and the
auxiliary capacitance line which are not illustrated are
arranged between the first insulating substrate 10 and the first
interlayer insulating film 11, for example. The pixel electrode
PE is formed on the second interlayer insulating film 12.

[0053] A first alignment film AL1 is arranged on the array
substrate AR facing the counter substrate CT, and extends to
whole active region. The first alignment film AL1 covers the
pixel electrode PE, etc., and is arranged also on the second
interlayer insulation film 12. The first alignment film AL1 is
formed of the material which shows a lateral alignment char-
acteristics.

[0054] In addition, the array substrate AR may be further
equipped with a portion of the common electrodes CE.
[0055] The counter substrate CT is formed using a second
insulating substrate 20 which has a transmissive characteris-
tics. The counter substrate CT includes the black matrix BM,
a color filter CF, an overcoat layer OC, the common electrode
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CE, and the second alignment film AL2, etc., on the side
which counters the array substrate AR of the second insulat-
ing substrate 20.

[0056] The black matrix BM is formed on the second insu-
lating substrate 20, and defines each pixel PX. 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. The
color filter CF is formed on the second insulating substrate 20,
and is arranged corresponding to each pixel PX. That is, while
the color filter CF is arranged in the inner region divided by
the black matrix BM, a portion thereof overlaps with the black
matrix BM. The overcoat layer OC is formed on the black
matrix BM and the color filter CF. That is, the overcoat layer
OC is arranged so that the influence of the concave-convex of
the surface of the black matrix BM and color filter CF may be
suppressed.

[0057] The common electrode CE is formed on the over-
coat layer OC. The main common electrode CA of the com-
mon electrode CE counters with the black matrix BM. The
main common electrode CA has a width equal to or smaller
than the black matrix BM which counters the main common
electrode CA. The widths of the main common electrode
CAL and the main common electrode CAR in the first direc-
tion X in the illustrated example are smaller than the width of
the black matrix BM in the first direction X, respectively. The
main common electrodes CAL and the main common elec-
trode CAR are arranged right under the black matrix BM,
respectively.

[0058] The second alignment film AL2 is arranged on the
surface of the counter substrate CT opposing the surface of
the array substrate AR, and extends to approximately whole
of'the active area ACT. The second alignment film AL.2 covers
the common electrodes CE, and is also arranged on the over-
coat layer OC. The second alignment film AL2 is formed
materials which have a lateral alignment characteristics
[0059] Analignment treatment (for example, rubbing treat-
ment and photo alignment treatment) is performed for mak-
ing the first and second alignment films ALL1 and AL2 in an
initial alignment state. The direction of the first alignment
treatment in which the first alignment film AL1 carries out the
initial alignment of the liquid crystal molecule, and the direc-
tion of the second alignment treatment in which the second
alignment film AL2 carries out the initial alignment of the
liquid crystal molecule, are respectively directions in parallel
to the second direction Y. The first and second alignment
directions are in parallel each other, and same directions or
reverse directions each other.

[0060] The array substrate AR and the counter substrate CT
as mentioned-above are arranged so that the first alignment
film ALL1 and the second alignment film ALL2 face each other.
In this case, the 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.
[0061] 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
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illustrated. The liquid crystal layer LQ is constituted by posi-
tive type liquid crystal material.

[0062] A first optical element OD1 is attached to the exter-
nal surface 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
contains a first polarizing plate PL.1 which has a first polar-
ization axis AX1. Moreover, a second optical element OD2 is
attached to the external surface 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 contains a second polarizing
plate PL2 which has a second polarization axis AX2. The first
polarization axis AX1 of the first polarizing plate PL.1 and the
second polarization axis AX2 of the second polarizing plate
PL2 are in the relationship in which the first and second
polarization axis AX1, AX2 intersect perpendicularly each
other, for example. One polarizing plate is arranged, for
example, so that its polarizing direction is the direction of the
long axis of the liquid crystal molecule, i.e., a direction in
parallel with the first alignment treatment direction or the
second alignment treatment direction (or in parallel with the
second directionY), or in orthogonal direction (or in parallel
with the first direction X). Thereby, the normally black mode
is achieved.

[0063] Next, an operation ofthe liquid crystal display panel
LPN of the above-mentioned structure is explained.

[0064] Namely, at the time of non-electric field state, 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 ofthe liquid crystal layer
LQ are aligned so that their long axis are aligned in a parallel
direction with the first alignment direction PD1 of the first
alignment film AL1 and the second alignment direction PD2
ofthe second alignment film AL.2 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.

[0065] In addition, precisely, the liquid crystal molecules
LM are not exclusively aligned in parallel with a 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 is explained as what rotates in a field in parallel with the
X-Y plane.

[0066] Here, both of the first alignment treatment direction
PD1 ofthe first alignment film AL1 and the second alignment
treatment direction PD2 ofthe second alignment film ALL2 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 a dashed line in the figure. 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 of 0° with
respect to the second direction Y.

[0067] When the respective directions of the alignment
treatment of the first alignment film AL1 and the second
alignment film AL2 are in parallel and the same directions
each other, the liquid crystal molecule LM is aligned with
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approximately horizontal direction (i.e., the pre tilt angle is
approximately zero) in a cross-section of the liquid crystal
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) In addition, when both of the first and second
alignment treatment directions are in parallel, and are reverse
directions each other, the liquid crystal molecule LM is
aligned so that the liquid crystal molecule LM is aligned with
an approximately uniform pre-tilt angle near the first and
second alignment films A1 and AL2 and in the intermediate
portion of the liquid crystal layer LQ (homogeneous align-
ment).

[0068] A portion of the back light from the backlight 4
enters into the liquid crystal display panel LPN after penetrat-
ing the first polarizing plate PL1. The polarization state of the
light which enters into the liquid crystal display panel LPN
changes depending on the alignment state of the liquid crystal
molecule LM when the light passes the liquid crystal layer
LQ. At the time of OFF, the light which passes the liquid
crystal layer LQ is absorbed by the second polarizing plate
PL2 (black display).

[0069] On the other hand, in case where the potential dif-
ference is formed between the pixel electrode PE and the
common electrode CE (at the time of ON), the lateral electric
field in parallel to the substrate (or oblique electric field) is
formed between the pixel electrode PE and the common
electrode CE Thereby, the liquid crystal molecule LM rotates
within a parallel plane with the substrate surface so that the
long axis becomes in parallel with the direction of the electric
field as shown in a solid line in FIG. 3.

[0070] In the illustrated example, the liquid crystal mol-
ecule LM in the region between the pixel electrode PE and the
main common electrode CAL rotates clockwise with respect
to the second direction Y, and aligns so that the liquid crystal
molecule LM may turn to the lower left in the figure along
with electric field. The liquid crystal molecule LM in the
region between the pixel electrode PE and the main common
electrode CAR rotates counterclockwise with reference to the
second direction Y, and aligns so that the liquid crystal mol-
ecule LM may turn to the lower right in the figure along with
electric field.

[0071] Thus, in each pixel PX, in case the lateral electric
field (or oblique 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 a
plurality of groups of directions, and domains are formed
corresponding to respective alignment directions. That is, a
plurality of domains is formed in each pixel PX.

[0072] At the time of ON, the light which entered into the
liquid crystal panel LPN from the backlight 4 enters into the
liquid crystal layer L.Q. When the back light which entered
into the liquid crystal layer LQ passes through the effective
domain EFF, respectively, the polarization state changes. At
the time of ON, at least a portion of light which passed the
liquid crystal layer LQ penetrates the second polarizing plate
PL2 (white display).

[0073] In this embodiment, the initial alignment direction
of the liquid crystal molecule LM is substantially in parallel
with the second direction Y, however, may be an oblique
direction D crossing the second direction Y. Here, the angle
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01 between the first direction Y and the initial alignment
direction D is set to an angle larger than 0° and smaller than
45°. From a viewpoint of alignment control of the liquid
crystal molecules, it is extremely effective that the angle 01 is
set to approximately 5° to 30°, and more preferably, less than
20° (for example 7°). That is, it is desirable to set the direction
of initial alignment of the liquid crystal molecule LM in
parallel with the direction which makes angle in a range of 0°
to 20° with respect to the second direction Y.

[0074] Moreover, although a case where the liquid crystal
layer LQ is constituted by liquid crystal material with positive
dielectric anisotropy is explained, the liquid crystal layer LQ
with negative dielectric anisotropy may be used. However,
although detailed explanation is omitted, since dielectric
anisotropy is a reverse relation between the positive/negative,
in case negative type liquid crystal material is used, it is
desirable that the above-mentioned angle 01 is set to a range
of 45° to 90°, more desirably not less than 70°.

[0075] Furthermore, at the time of ON, since the lateral
electric field is hardly formed (or sufficient electric field to
drive the liquid crystal molecule LM is not formed) near the
pixel electrode PE and the common electrode CE, the liquid
crystal molecule LM 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 regions,
back light hardly penetrates, i.e., 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.

[0076] Next, the aperture in the effective domain EFF is
explained in the liquid crystal display panel LPN of the
above-mentioned structure. FIG. 5 is a plan view schemati-
cally showing the effective domain EFF formed in one pixel
PX.

[0077] The effective domain EFF corresponds to a region
surrounded by a horizontal line WX1 and a horizontal line
WZX2 which extend along the first direction X, and a vertical
line WY1 and a vertical line WY2 which extend along the
second direction Y. In the above-mentioned first embodiment,
the horizontal line WX1 and the horizontal line WX2 which
define the effective domain EFF correspond to the gate line
G1 and the gate line G2, respectively. Moreover, the width of
the main common electrode CA in the first direction X is
equal to or larger than the width of the source line S in the first
direction X like the first embodiment, and the vertical line
WY1 and the vertical line WY2 which define the effective
domain EFF correspond to the main common electrode CAL
and the main common electrode CAR, respectively, in case
the main common electrode CA runs off the position right
above the source line S extending to the pixel electrode PE
side. In addition, in case the width of the main common
electrode CA in the first direction X is smaller than the width
of the source line S in the first direction X, and the source line
S runs off the position right under the main common electrode
CA extending the pixel electrode PE side, the respective
vertical line WY1 and the vertical line WY?2 which define the
effective domain EFF correspond to the source line S1 and the
source line S2, respectively.

[0078] In the effective domain EFF, an electrode portion
EF1 including the pixel electrode PE corresponds to a region
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which is shown in a slash line extending to a lower right
direction in the figure. Moreover, in the effective domain EFF,
an aperture portion EF2 other than the electrode portion EF1
is a region surrounded with the gate line G1, the gate line G2,
the vertical line WY1 and the vertical line WY?2, and is shown
with a slash line extending to upper light direction in the
figure.

[0079] In this embodiment, a first area of the electrode
portion EF1 is smaller than a second area of the aperture
portion EF2 in the effective domain EFF in a X-Y plane. An
aperture which contributes to the display is formed in the
regions which do not overlap with any of the lines and the
electrodes in the effective domain EFF. That is, the gate line
G, the source line S, and the auxiliary capacitance line C are
formed of electric conductive materials which hardly pen-
etrate light, such as molybdenum, aluminum, tungsten, and
titanium. Moreover, though the pixel electrode PE and the
common electrode CE are formed of the transmissive electric
conductive material as above-mentioned, they hardly pen-
etrate light at the time of ON. For this reason, the aperture is
formed on the both sides which sandwich the auxiliary
capacitance line C1 in the aperture portion EF2, i.e., the
region which does not overlap with the auxiliary capacitance
line C1, in the illustrated example.

[0080] Incase, the black matrix BM extends from the posi-
tion right above the source line S1 and the source line S2, and
the position right above the gate line G1 and the gate line G2
to the pixel electrode PE side in the effective domain EFF, the
extending region does not contribute to the display. Accord-
ingly, the extending region is deducted from the second area
of the aperture portion.

[0081] According to the first embodiment, the liquid crystal
display panel LPN is constituted by attaching the array sub-
strate AR provided with one pixel electrode PE in the center
of one pixel PX, and the counter substrate CT provided with
the main common electrodes CA at the both ends in one pixel
PX, respectively. Especially, the aperture portion that contrib-
utes to the display in one pixel PX in this embodiment is
formed in the gap between the pixel electrode PE and the
common electrode CE. That is, the transmissivity in the pixel
PX is decided by regions in which backlight penetrates the
gap between the pixel electrode PE and the common electrode
CE. In the effective domain EFF of the pixel PX, since the
second area of the aperture portion EF2 is larger than the first
area of the electrode region EF1, high transmissivity can be
obtained.

[0082] Moreover, the main common electrode CA counters
with the source lines S, respectively. When the main common
electrode CAL and the main common electrode CAR are
especially arranged right above the source line S1 and the
source line S2, respectively, without running off the source
lines S1 and S2, the aperture portion can be expanded and it
becomes possible to improve the transmissivity of the pixel
PX as compared with the case where the main common elec-
trode CAL and the main common electrode CAR are
arranged at the pixel electrode PE side (i.e., extending to the
effective domain EFF) rather than right above the source line
S1 and the source line S2.

[0083] Moreover, by arranging the main common electrode
CAL and the main common electrode CAR right above the
source line S1 and the source line S2, respectively, it becomes
possible to expand the inter-electrode distance between the
pixel electrode PE and the main common electrode CAL, and
between the pixel electrode PE and the main common elec-
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trode CAR, and also to form more lateral electric field. For
this reason, it also becomes possible to maintain a wide view-
ing angle characteristics which is one advantage of the gen-
eral IPS mode.

[0084] Since it becomes possible to form two or more
domains in one pixel, the viewing angle in two or more
directions can be compensated optically, and a wide viewing
angle is attained.

[0085] Therefore, the display with high transmissivity can
be realized and it becomes possible to offer a high quality
liquid crystal display device.

[0086] Moreover, according to the first embodiment, it
becomes possible to correspond to the demand for various
pixel pitches by changing the inter-electrode distance
between the pixel electrode PE and the common electrode
CE. That is, in a wide range from a low resolution specifica-
tion with comparatively large electrode pitch to a large reso-
lution specification with comparatively small electrode pitch,
it becomes possible to offer the LCD panel with various pixel
pitches by setting up suitably the inter-electrode distance
without a microscopic electrode processing.

[0087] Furthermore, according to this embodiment, when
an arrangement shift occurs between the array substrate AR
and the counter substrate CT, a difference of the inter-elec-
trode distance may arise between the pixel electrode PE and
the common electrode CE on the both sides sandwiching the
pixel electrode PE. However, since the shift is produced in
common to all the pixels PX, there is no difference between
the electric field distribution between the pixels PX, and the
influence to the display of the image is very small. Moreover,
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 a case where the color of a
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 reproducibil-
ity nature.

[0088] The effect described here is explained in detail here-
inafter.

[0089] Here, the FFS mode is briefly explained as a display
mode for comparison.

[0090] FIG. 61is a figure showing the electric field distribu-
tion in one pixel in the liquid crystal display panel in the FFS
mode.

[0091] The FFS modeisa display mode in which the liquid
crystal molecule is operated in a horizontal direction to a
substrate face by providing a common electrode and a comb-
like electrode on the array substrate and using lateral electric
field generated at the edge of the comb-like electrode. The
FFS mode differs from the MVA (Multi-domain Vertical
Alignment) system which operates the liquid crystal mol-
ecule in a normal direction of the substrate. The FF'S mode has
a feature that retardation change between a case where the
display is looked from a front side and a case where the
display is looked from an oblique direction is small, and that
the gradation characteristic in the oblique direction is excel-
lent. However, since vertical electric field is formed except
edge portions of the comb-like electrode, as illustrated, there
is the necessity of increasing the number of the edge portions
of the comb-like electrode in order to make transmissivity
high enough. A micro fabrication process to form the comb-
like electrode by setting the electrode width to several um or
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less is indispensable. Further, an expensive photolithography
machine is required for processing the electrode.

[0092] FIG. 7 is a figure showing the relation between the
director of a liquid crystal molecule and transmissivity by
electric field between the comb-like electrode and the com-
mon electrode in the FFS mode in the liquid crystal display
panel shown in FIG. 6.

[0093] In the OFF state, the liquid crystal molecule LM is
initially aligned in the direction slightly oblique to the second
directionY. In the state of ON in which potential difference is
formed between the comb-like electrode and the common
electrode, the director of the liquid crystal molecule LM
becomes in parallel with a direction 0f 45° to 225°, within the
X-Y plane, and peak transmissivity is obtained. Ifits attention
is paid to transmissivity distribution of the pixel at this time,
the transmissivity is high near edge portions of the comb-like
electrode, and transmissivity is low on a comb-like electrode
or between the adjacent comb-like electrodes. In the illus-
trated example, the number of comb-like electrodes is three,
and six transmissivity peaks appear. Therefore, in order to
make transmissivity of the pixel high enough, it is necessary,
as above-mentioned, to increase the number of comb-like
electrodes and to increase the number of edge portions.

[0094] Moreover, if its attention is paid to transmissivity
distribution in a region which overlaps with the black matrix
BM, the transmissivity does not fully fall. This is because
undesirable lateral electric field is produced between the
adjoining pixels, and the liquid crystal molecule between the
adjoining pixels is also operated. In such a case, when the
colors of the color filter differ between the adjoining pixels,
mixed colors occur and there is a possibility of causing the fall
of color reproducibility and a contrast ratio. In particular,
when the assembling shift between the array substrate and the
counter substrate occurs, the region between the adjoining
pixels is exposed from the black matrix BM, and also the
optical leak becomes remarkable. Therefore, it is necessary to
form greatly the distance between the adjoining pixels or the
width of the black matrix BM, which results in one of the
factors that bar to achieve high resolution in the FFS mode. In
addition, the optical leak by the assembling shift between the
array substrate and the counter substrate is originated not only
in the FFS mode but other display modes which mainly use a
vertical electric field, such as the MVA mode.

[0095] FIG. 8 is a figure showing the relation between the
director of the liquid crystal molecule and transmissivity by
electric field between the pixel electrode and the common
electrode in the liquid crystal display panel according to the
first embodiment.

[0096] In the OFF state, the liquid crystal molecule LM is
aligned in a direction in parallel to the second direction Y. In
the ON state in which potential difference is formed between
the pixel electrode PE and the common electrode CE, in case
the director (or the direction of the long axis) of the liquid
crystal molecule LM shifts by approximately 45° with respect
to the first polarization axis (or absorption axis) AX1 of the
first polarizing plate PL1 and the second polarization axis (or
absorption axis) AX2 of the second polarizing plate PL2, an
optical modulation rate of the liquid crystal molecules
becomes the highest. In the illustrated example, in the ON
state, the director of the liquid crystal molecule LM becomes
a direction substantially in parallel to a direction of 45° to
225°, or a direction of 135° to 315° within the X-Y plane, and
peak transmissivity is obtained.
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[0097] Ifits attention is paid to the transmissivity distribu-
tion of one pixel at this time, while the transmissivity
becomes 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. More specifically, the main common electrode
CAL located right above the source line S1 and the main
common electrode CAR located right above the source line
S2 counter with the black matrix BM, respectively. The main
common electrodes CAL and the main common electrode
CAR have the widths in the first direction X equal to or
smaller than the black matrix BM, and do not extend to the
pixel electrode PE side beyond a region which overlaps with
the black matrix BM. For this reason, the regions which
contribute to the display are regions between the pixel elec-
trode PE and the main common electrodes CAL, and between
the pixel electrode PE and the main common electrodes CAR
in one pixel.

[0098] In this embodiment, the transmissivity of one pixel
can be made sufficiently high by expanding the inter-elec-
trode distance between the pixel electrode PE and the main
common electrodes CAL and CAR. Moreover, it becomes
possible to use the peak conditions of the transmissivity dis-
tribution as shown in FIG. 8 corresponding to the panel speci-
fications in which the pixel pitch differs each other by chang-
ing the inter-electrode distance i.e., by changing the
arrangement location of the main common electrode CA with
respect to the pixel electrode PE arranged in the approxi-
mately center of the pixel PX.

[0099] In the FFS mode, it is necessary to increase the
numbers of electrodes or the edge portions of the electrodes in
order to obtain high transmissivity, and a fine processing is
required. On the contrary, in this embodiment, high transmis-
sivity can be obtained by expanding the inter-electrode dis-
tance, and the fine processing is not necessarily. Further, since
a pixel pitch becomes small with the demanded for higher
resolution in the FFS mode, still more the fine processing is
required. Moreover, the number of the electrodes or the elec-
trode size is restricted. On the contrary, in the display mode
according to this embodiment, it becomes possible to realize
the demand for high transmissivity and high resolution with-
out receiving most of these restrictions.

[0100] 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 on the outside of the pixel
from the common electrode CE, and undesired lateral electric
field is not produced between the adjoining pixels on both
sides of the 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 the
OFF time (or the time of a 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 gen-
erating of mixed colors, and also becomes possible to control
the fall of color reproducibility and the contrast ratio.

[0101] FIG. 9 is a figure showing the relation between the
director of the liquid crystal molecule and transmissivity by
electric field between the pixel electrode and the common
electrode when an assembling shift arises between the array
substrate and the counter substrate in the liquid crystal dis-
play panel according to the first embodiment.

[0102] In the illustrated example, while the inter-electrode
distance between the pixel electrode PE and the main com-
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mon electrode CAL becomes smaller, the inter-electrode dis-
tance between the pixel electrode PE and the main common
electrode CAR is expanded due to the assembling shift. In this
case, the director of the liquid crystal molecule LM in an ON
state becomes the same direction as the example shown in
FIG. 8. The total transmissivity of one pixel PX is substan-
tially the same as the example shown in FIG. 8 though a shift
ofthe peak point of the transmissivity distribution is produced
at this time. Furthermore, the leak of electric field to the
adjoining pixels is not produced, either.

[0103] Thus, in this embodiment, even if the assembling
shift between the array substrate AR and the counter substrate
CT arises, high transmissivity is obtained, and it becomes
possible to control the optical leak. Moreover, in the display
mode according to this embodiment, it is not necessary to
expand the distance between the adjoining pixels, or the
width of the black matrix BM as a measure against the optical
leak, and it becomes possible to realize high resolution dis-
play easily as compared with the FFS mode or the MVA
mode.

[0104] Next, the relation between the resolution and the
transmissivity is explained comparing this embodiment with
the FFS mode.

[0105] FIG. 10 is a figure showing a result of a simulation
about the relation between the resolution and the transmis-
sivity in the display mode according to the first embodiment
and the FFS mode.

[0106] The calculation conditions herein are as follows.
Regarding the display mode according to this embodiment,
the width of the common electrode is 5 pm and the width of
the pixel electrode PE is 3 pm. Regarding the FFS mode
which is a comparative example, a common electrode is an
electrode which is formed all over the pixel, and the width of
the comb-like electrode is 3 um. Each in the display mode
according to this embodiment and the FFS mode, fixed white
display voltages are impressed to the liquid crystal layers in
all the examples.

[0107] In the FFS mode, as illustrated, the transmissivity
falls step-like with increase of the resolution. This is because
the number of the comb-like electrodes arranged in one pixel
changes step-like, and the transmissivity falls greatly in the
resolution in which the number of the electrodes changes. For
example, although three comb-like electrodes per pixel are
arranged in the resolution up to 300 ppi (pixel/inch), two
comb-like electrodes per pixel are arranged in the resolution
from 300 ppi to 400 ppi, and one comb-like electrode per one
pixel is further arranged in the resolution of 400 ppi or more.
For this reason, the transmissivity falls sharply in the cases
where the resolutions are 300 ppi and 400 ppi, respectively.
[0108] Thus, when making a high definition display panel
in the FF'S mode, an unfavorable characteristics appears nota-
bly depending on the resolution. This is because optimal
values exist in the inter-electrode distance and the width of the
comb-like electrode. If the size of the electrode is first deter-
mined, the number of the comb-like electrodes is determined
so that the pixel pitch is set by an integral multiple of the sum
of'the inter-electrode distance and the electrode width. On the
contrary, the number of the electrode is first determined, the
inter-electrode distance and the electrode width of the comb-
like electrode are shifted from the optimal values. This influ-
ence becomes more serious as the pixel is designed for higher
definition displays.

[0109] On the other hand, in the display mode according to
this embodiment as illustrated, the transmissivity falls con-
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tinuously with increase of the resolution. This is because only
one pixel electrodes PE in one pixel is arranged irrespective of
the resolution, and is because the transmissivity is determined
only by changing the inter-electrode distance between the
pixel electrode PE and the common electrode CE.

[0110] When asimulation of the transmissivity was carried
out about the resolution 280 ppi according to this embodi-
ment by standardizing the transmissivity of resolution 300
ppi to 1 in the FFS mode, the standardized value became
about 1.04 times, and also became 0.8 times in case of reso-
lution 340 ppi. The above result was confirmed that it was in
agreement with the expected value that the transmissivity
changes continuously with respect to the pixel pitch. Since
the area of the aperture deceases with increase of the resolu-
tion, even if the electrode in the aperture is formed with one
electrode line, the graph becomes on the down side. However,
in the structure of one electrode line, the characteristic change
does not become step-like as the FFS mode.

Second Embodiment

[0111] FIG. 11 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to a second embodiment is seen from the counter
substrate side.

[0112] The second embodiment differs from the first
embodiment shown in FIG. 3 in the following point. In the
pixel, the auxiliary capacitance line C1 is arranged at the
upper side end, and precisely, the auxiliary capacitance line
C1 is arranged striding over a boundary between the illus-
trated pixel and a pixel which adjoins the illustrated pixel PX
in the upper portion. The auxiliary capacitance line C2 is
arranged at the lower side end, and precisely, the auxiliary
capacitance line C1 is arranged striding over a boundary
between the illustrated pixel and a pixel which adjoins the
illustrated pixel PX in the lower portion. The gate line G1 is
arranged approximately in the central portion of the pixel. In
addition, detailed explanation about the same structure as the
first embodiment is omitted by attaching the same symbol.
[0113] The array substrate includes an auxiliary capaci-
tance line C1 and an auxiliary capacitance line C2 extending
along the first direction X, a gate line G arranged between the
adjoining auxiliary capacitance line C1 and the auxiliary
capacitance line C2 extending along the first direction X, the
pixel electrode PE, and the source line S1 and the source line
S2 extending along the second direction Y. In addition, fol-
lowing pints are the same as those in the first embodiment.
The source line S1 is arranged at the left-hand side end in the
pixel PX, the source line S2 is arranged at the right-hand side
end, and the switching element SW is electrically connected
with the gate line G1 and the source line S1 and is formed at
an overlapped region with the source line S1 and the auxiliary
capacitance line C1.

[0114] Intheillustrated pixel PX, the effective domain EFF
shown with a dashed line is a region surrounded with the
auxiliary capacitance line C1 and the auxiliary capacitance
line C2, the source line S1 and the source line S2, or the main
common electrode CA, and is defined by an inside edge of
each signal line, or an inside edge of the main common
electrode CA. The effective domain EFF has a shape of a
rectangle whose length in the second direction Y is longer
than the length in the first direction X. That is, each edge of the
auxiliary capacitance line C1 and the auxiliary capacitance
line C2 which face each other corresponds to the short end of
the effective domain EFF. Moreover, in the illustrated
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example, while each edge of the main common electrode CA
which faces corresponds to the long end of the effective
domain EFF, each edge of the source line S1 and the source
line S2 which face each other may correspond to the long end
of the effective domain EFF.

[0115] The pixel electrode PE is formed substantially like
the first embodiment. In addition, in the illustrated example,
the pixel electrode PE overlaps with the auxiliary capacitance
line C1 at the upper side end of the pixel PX. In the region
which overlaps with the auxiliary capacitance line C1, the
pixel electrode PE is formed more broadly than other portions
to secure contact for the switching element SW through a
contact hole CH. Moreover, in the pixel electrode PE, the
region which does not overlap with the auxiliary capacitance
line C1 is formed so that it may have the substantially equal
width along the first direction X.

[0116] The common electrode CE equipped on the counter
substrate is formed like the first embodiment.

[0117] FIG. 12 is a plan view schematically showing the
effective domain EFF formed in one pixel.

[0118] The effective domain EFF corresponds to the region
surrounded by a horizontal line WX1 and the horizontal line
WX2 extending along the first direction X, and the vertical
line WY1 and the vertical line WY2 extending along the
second direction Y. In the above-mentioned second embodi-
ment, the horizontal line WX1 and the horizontal line WX2
correspond to the auxiliary capacitance line C1 and the aux-
iliary capacitance line C2, respectively. Moreover, the width
of the main common electrode CA in the first direction X is
equal to or larger than the width of the source line S in the first
direction X. In case the main common electrode CA extends
to the pixel electrode PE side rather than the position right
above the source line S, the vertical line WY1 and the vertical
line WY2 which define the effective domain EFF correspond
to the main common electrode CAL and the main common
electrode CAR, respectively. In addition, when the width of
the main common electrode CA in the first direction X is
smaller than the width of the source line S in the first direction
X, and source line S extends from the position right under the
main common electrode CA to the pixel electrode PE side, the
vertical line WY1 and the vertical line WY?2 which define the
effective domain EFF correspond to the source line S1 and the
source line S2, respectively.

[0119] In the effective domain EFF, the electrode portion
EF1 including the pixel electrode PE corresponds to a region
shown in a diagonally right down slash line in the figure.
Moreover, in the effective domain EFF, the aperture portion
EF2 other than the electrode portion EF1 is located between
the auxiliary capacitance line C1 and the auxiliary capaci-
tance line C2, and between the pixel electrode PE and the
vertical lines WY1 and WY2, and corresponds to a region
shown with a diagonally upward slash line in the figure. Also
in the second embodiment shown here, the first area of the
electrode portion EF1 is smaller than the second area of the
aperture portion EF2 in the effective domain EFF in the X-Y
plane.

[0120] The aperture in the effective domain EFF is formed
on the both sides which sandwich the gate line G1 in the
aperture portion EF2, i.e., the region which does not overlap
with the gate line G1 in the liquid crystal display panel LPN.
[0121] Also in the second embodiment, since the liquid
crystal alignment are controlled by the pixel electrode PE
arranged substantially in the center of the pixel PX and the
common electrode CE arranged at the right-and-left pixel
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ends like the above-mentioned first embodiment, the same
effect as the first embodiment is acquired.

Third Embodiment

[0122] FIG. 13 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to a third embodiment is seen from the counter
substrate side.

[0123] The third embodiment is different from the first
embodiment shown in FIG. 3 in the point that the common
electrode CE equipped on the counter substrate CT is formed
in the shape of a lattice so that the common electrode CE
surrounds the pixel as compared with the example of the first
embodiment.

[0124] In addition, detailed explanation about the same
structure as the first embodiment is omitted by attaching the
same symbol.

[0125] The common electrode CE includes a sub-common
electrode CB which extends along the first direction X
besides the above-mentioned main common electrode CA.
The main common electrode CA and the sub-common elec-
trode CB are integrally or continuously formed to make the
lattice shape.

[0126] The sub-common electrode CB counters with each
of the gate lines G. In the illustrated example, the sub-com-
mon electrode CB is constituted by two lines extending along
the first direction X. In order to distinguish the two lines, the
sub-common electrode of the upper portion in the figure is
called CBU, and 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 portion 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 on its 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.

[0127] Moreover, the sub-common electrode CB has a
width equal to or larger than the width of the gate line G which
counters the sub-common electrode CB. In the illustrated
example, the width of the sub-common electrode CBU in the
second direction Y is larger than the width of the gate line G1
which counters the sub-common electrode CBU, and has the
width equal to or smaller than the black matrix BM. More-
over, the sub-common electrode CBU is arranged right above
the gate line G1, and is arranged right under the black matrix
BM. Therefore, the sub-common electrode CBU does not
extend from the position right under the black matrix BM to
the effective domain EFF side. That is, the sub-common
electrode CBU does not extend to the pixel electrode side
from the position right under the black matrix BM. The width
of the sub-common electrode CBB in the second direction Y
is larger than the width of the gate line G2 which counters the
sub-common electrode CBB, and has the width equal to or
smaller than the black matrix BM. Moreover, the sub-com-
mon electrode CBB is arranged right above the gate line G2,
and is arranged right under the black matrix BM. Therefore,
the sub-common electrode CBB does not extend from the
position right under the black matrix BM to the effective
domain EFF side. That is, the sub-common electrode CBU
does not extend to the pixel electrode side from the position
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right under the black matrix BM. Thus, when the sub-com-
mon electrode CB is arranged in pixel PX, reduction of the
area of the aperture which contributes to a display is con-
trolled.

[0128] In case the sub-common electrode CB has a width
larger than that of the gate line G which counters the sub-
common e¢lectrode CB, the sub-common electrode CB
extends from the position right above the gate line G to the
pixel electrode PE side. Inside edges of the sub-common
electrodes CB which face each other correspond to the short
ends of the effective domain EFF. However, in order to con-
trol reduction of the area of the aperture as much as possible,
it is desirable to set up the area of the sub-common electrode
CB extending to the pixel electrode PE side as small as
possible.

[0129] In addition, the sub-common electrode CB may
have a width smaller than the width of the gate line G which
counters the sub-common electrode CB. In this case, the gate
line G extends from the position right under the sub-common
electrode CB to the pixel electrode PE side, and the inside
edges of the gate lines which face each other correspond to the
short ends of the effective domain EFF.

[0130] Inthe third embodiment, the aperture portion of the
effective domain EFF formed in the pixel PX is explained
referring to FIG. 5.

[0131] The effective domain EFF corresponds to a region
surrounded by the horizontal line WX1 and the horizontal line
WX2 which extend along the first direction X, and the vertical
line WY1 and the vertical line WY2 which extend along the
second directionY. Also in this third embodiment, each of the
vertical line WY1 and the vertical line WY?2 which define the
effective domain EFF is the main common electrode CAL
and the main common electrode CAR or the source line S1
and the source line S2.

[0132] Moreover, when the width of the sub-common elec-
trode CB in the second directionY is equal to or larger than the
width of the gate line G in the second direction Y, and the
sub-common electrode CB extends from the position right
above the gate line G to the pixel electrode PE side, the
horizontal line WX1 and the horizontal line WX2 which
define the effective domain EFF correspond to the sub-com-
mon electrode CBU and the sub-common electrode CBB,
respectively. In addition, when the width in the second direc-
tion Y of the sub-common electrode CB is smaller than the
width of the gate line G in the second direction Y, and the gate
line G extends from the position right under the sub-common
electrode CB to the pixel electrode PE side, the horizontal line
WX1 and the horizontal line WX2 which define the effective
domain EFF correspond to the gate line G1 and the gate line
G2, respectively.

[0133] Also in the third embodiment shown here, the first
area of the electrode portion EF1 is smaller than the second
area of the aperture portion EF2 in the effective domain EFF
in the X-Y plane.

[0134] In the third embodiment, since the view of control-
ling the liquid crystal alignment by the pixel electrode PE
arranged substantially in the center of the pixel PX and the
common electrode CE arranged at the pixel end is the same as
that of the above-mentioned first embodiment, the same effect
as the first embodiment is acquired.

Fourth Embodiment

[0135] FIG. 14 is a plan view schematically showing the
structure of one pixel when the liquid crystal display panel
according to a fourth embodiment is seen from the counter
substrate side.
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[0136] The fourth embodiment is different from the second
embodiment shown in FIG. 11 in the point that the common
electrode CE equipped on the counter substrate CT is formed
so that the common electrode CE surrounds the pixel. In
addition, detailed explanation about the same structure as the
second embodiment is omitted by attaching the same symbol.
[0137] The common electrode CE includes the sub-com-
mon electrode CB which extends along the first direction X
besides the above-mentioned main common electrode CA
like the third embodiment. The main common electrodes CA
and the sub-common electrode CB are integrally or continu-
ously formed to make a lattice shape.

[0138] The sub-common electrode CB counters with each
of the auxiliary capacitance line C. The sub-common elec-
trode CBU arranged at the upper end of the pixel PX counters
with the auxiliary capacitance line C1. Moreover, the sub-
common electrode CBB arranged at the bottom end of the
pixel PX counters with the auxiliary capacitance line C2.
[0139] Moreover, the sub-common electrode CB has a
width equal to or larger than the width of the auxiliary capaci-
tance line C which counters the sub-common electrode CB. In
the illustrated example, the width of the sub-common elec-
trode CBU in the second direction Y is larger than the width
of the auxiliary capacitance line C1 which counters the sub-
common electrode CBU, and has the width equal to or smaller
than the black matrix BM. Moreover, the sub-common elec-
trode CBU is arranged right above the auxiliary capacitance
line C1, and is arranged right under the black matrix BM.
Therefore, the sub-common electrode CBU does not extend
from the position right under the black matrix BM to the
effective domain EFF side. That is, the sub-common elec-
trode CBU does not extend from the position right under the
black matrix BM to the pixel electrode PE side. The width of
the sub-common electrode CBB in the second directionY is
larger than the width of the auxiliary capacitance line C2
which counters the sub-common electrode CBB, and has the
width equal to or smaller than the black matrix BM. More-
over, the sub-common electrode CBB is arranged right above
the auxiliary capacitance line C2, and is arranged right under
the black matrix BM. Therefore, the sub-common electrode
CBB does not extend from the position right under the black
matrix BM to the effective domain EFF side. That is, the
sub-common electrode CBB does not extend from the posi-
tion right under the black matrix BM to the pixel electrode PE
side. Thus, when the sub-common electrode CB is arranged in
the pixel PX, reduction of the area of the aperture which
contributes to a display is controlled.

[0140] Thus, in case the sub-common electrode CB has a
width larger than that of the auxiliary capacitance line C
which counters the sub-common electrode CB, the sub-com-
mon electrode CB extends from the position right above the
auxiliary capacitance line C to the pixel electrode PE side.
Inside edges of the sub-common electrodes CB which face
each other correspond to the short ends of the effective
domain EFF. However, in order to control reduction of the
area of the aperture as much as possible, it is desirable to set
up the area of the sub-common electrode CB extending to the
pixel electrode PE side as small as possible.

[0141] In addition, the sub-common electrode CB may
have a width smaller than the width of the auxiliary capaci-
tance line C which counters the sub-common electrode CB. In
this case, the auxiliary capacitance line C extends from the
position right under the sub-common electrode CB to the
pixel electrode PE side, and the inside edges of the auxiliary
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capacitance line C which faces each other correspond to the
short ends of the effective domain EFF.

[0142] In this fourth embodiment, the aperture portion of
the effective domain EFF formed in one pixel PX is explained
referring to FIG. 12.

[0143] The effective domain EFF corresponds to a region
surrounded by the horizontal line WX1 and the horizontal line
WX2 which extend along the first direction X, and the vertical
line WY1 and a vertical line WY2 which extend along the
second direction Y. Also in this fourth embodiment, each of
the vertical line WY1 and the vertical line WY?2 which define
the effective domain EFF is the main common electrode CAL
and the main common electrode CAR or the source line S1
and the source line S2.

[0144] Moreover, when the width of the sub-common elec-
trode CB in the second directionY is equal to or larger than the
auxiliary capacitance line C in the second directionY, and the
sub-common electrode CB extends from the position right
above the auxiliary capacitance line C to the pixel electrode
PE side, the horizontal line WX1 and the horizontal line WX2
which define the effective domain EFF correspond to the
sub-common electrode CBU and the sub-common electrode
CBB, respectively. In addition, when the width in the second
direction Y of the sub-common electrode CB is smaller than
the width of the auxiliary capacitance line C in the second
direction'Y, and the auxiliary capacitance line C extends from
the position right under the sub-common electrode CB to the
pixel electrode PE side, the horizontal line WX1 and the
horizontal line WX2 which define the effective domain EFF
correspond to the auxiliary capacitance line C1 and the aux-
iliary capacitance line C2, respectively.

[0145] Also in the fourth embodiment shown here, the first
area of the electrode portion EF1 is smaller than the second
area of the aperture portion EF2 in the effective domain EFF
in the X-Y plane.

[0146] Inthe fourthembodiment, since the view of control-
ling the liquid crystal alignment by the pixel electrode PE
arranged substantially in the center of the pixel PX and the
common electrode CE arranged at the pixel end is the same as
that of the above-mentioned first embodiment, the same effect
as the first embodiment is acquired.

[0147] As explained above, according to the embodiment,
it becomes possible to offer the high quality liquid crystal
display device.

[0148] 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 in different embodiments may
properly be combined. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall with the scope and spirit of the inventions.

What is claimed is:
1. A liquid crystal display device, comprising:
a first substrate including;
a pair of first signal lines extending in a first direction
and a pair of second signal lines extending in a second
direction orthogonally crossing the first direction, and
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a pixel electrode arranged between the pair of second
signal lines and extending in the second direction,

a second substrate including a common electrode having a
first main common electrode and a second main com-
mon electrode respectively facing the pair of second
signal lines and extending in the second direction, and

a liquid crystal layer having liquid crystal molecules and
held between the first substrate and the second substrate;

wherein the liquid crystal display device further includes
an effective domain surrounded by the pair of first signal
lines and the pair of second signal lines, or by the pair of
first signal lines and the first and the second main com-
mon electrodes, and a first area formed of an electrode
portion including the pixel electrode is smaller than a
second area formed of an aperture portion other than the
first area in the effective domain.

2. The liquid crystal display device according to claim 1,
wherein the pair of first signal lines are formed of gate lines
and the pair of the second signal lines are formed of source
lines.

3. The liquid crystal display device according to claim 1,
wherein the first substrate further includes an auxiliary
capacitance line arranged between the pair of first signal lines
extending in the first direction, and an aperture for contribut-
ing to display images is formed on both sides sandwiching the
auxiliary capacitance line.

4. The liquid crystal display device according to claim 1,
wherein the pair of first signal lines are formed of auxiliary
capacitance lines and the pair of the second signal lines are
formed of source lines.

5. The liquid crystal display device according to claim 1,
wherein the first substrate further includes a gate line
arranged between the pair of first signal lines extending in the
first direction, and an aperture for contributing to display
images is formed on both sides sandwiching the gate line.

6. The liquid crystal display device according to claim 1,
wherein the first and second main common electrodes have
widths equal to or larger than those of the pair of second signal
lines.

7. The liquid crystal display device according to claim 6,
wherein the first and second main common electrodes do not
extend from a position right under a black matrix formed on
the second substrate to the pixel electrode side.

8. The liquid crystal display device according to claim 1,
wherein an initial alignment direction of the liquid crystal
molecules is a direction in parallel with a direction making an
angle with respect to the second direction in a range of 0° to
20° in a state where electric field is not formed between the
pixel electrode and the common electrode.

9. The liquid crystal display device according to claim 8,
wherein the liquid crystal molecules are aligned in a splay
alignment state or a homogeneous alignment state between
the first substrate and the second substrate in a state where
electric field is not formed between the pixel electrode and the
common electrode

10. The liquid crystal display device according to claim 1,
further comprising a first polarizing plate formed on an outer
surface of the first substrate and a second polarizing plate
formed on an outer surface of the second substrate, wherein a
first polarization axis of the first polarizing plate crosses
orthogonally a second polarization axis of the second polar-
izing plate, and the first polarization axis of the first polarizing
plate crosses or in parallel with an initial alignment direction
of the liquid crystal molecules.
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11. A liquid crystal display device, comprising:

a first substrate including;

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

a pixel electrode arranged between the pair of second
signal lines and extending in the second direction,

a second substrate including a common electrode having a
pair of main common electrodes respectively facing the
pair of the second signal lines and extending in the
second direction and a pair of sub-common electrodes
respectively facing the pair of the first signal lines and
extending in the first direction, the pair of main common
electrodes and the pair of the sub-common electrodes
forming a lattice shape; and

a liquid crystal layer having liquid crystal molecules and
held between the first substrate and the second substrate;

wherein the liquid crystal display device further includes
an effective domain surrounded by the pair of first signal
lines and the pair of second signal lines, or by the pair
first signal lines and the pair of main common elec-
trodes, and a first area formed of an electrode portion
including the pixel electrode is smaller than a second
area formed of an aperture portion other than the first
area in the effective domain.

12. The liquid crystal display device according to claim 11,
wherein the first and second sub-common electrodes have
widths equal to or larger than those of the pair of first signal
lines.

13. The liquid crystal display device according to claim 12,
wherein the first and second sub-common electrodes do not
extend from a position right under a black matrix formed on
the second substrate to the pixel electrode side.

14. The liquid crystal display device according to claim 11,
wherein an initial alignment direction of the liquid crystal
molecules is a direction in parallel with a direction making an
angle with respect to the second direction in a range of 0° to
20° in a state where electric field is not formed between the
pixel electrode and the common electrode.

15. The liquid crystal display device according to claim 14,
wherein the liquid crystal molecules are aligned in a splay
alignment state or a homogeneous alignment state between
the first substrate and the second substrate in a state where
electric field is not formed between the pixel electrode and the
common electrode.

16. The liquid crystal display device according to claim 11,
further comprising a first polarizing plate formed on an outer
surface of the first substrate and a second polarizing plate
formed on an outer surface of the second substrate, wherein a
first polarization axis of the first polarizing plate crosses
orthogonally a second polarization axis of the second polar-
izing plate, and the first polarization axis of the first polarizing
plate crosses or in parallel with an initial alignment direction
of the liquid crystal molecules.

17. A liquid crystal display device, comprising:

a first substrate including;

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

a pixel electrode arranged between the pair of second
signal lines and extending in the second direction,

a second substrate including a common electrode having a
pair of main common electrodes respectively facing the
pair of the second signal lines and extending in the
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second direction and a pair of sub-common electrodes
respectively facing the pair of the first signal lines and
extending in the first direction, the pair of main common
electrodes and the pair of the sub-common electrodes
forming a lattice shape; and

a liquid crystal layer having liquid crystal molecules and
held between the first substrate and the second substrate;
wherein the liquid crystal display device further includes
an effective domain surrounded by the pair of sub-com-
mon electrodes and the pair of second signal lines, or by
the pair sub-common electrodes and the pair of main
common electrodes, and a first area formed of an elec-
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trode portion including the pixel electrode is smaller
than a second area formed of an aperture portion other
than the first area in the effective domain.

18. The liquid crystal display device according to claim 17,
wherein the first and second sub-common electrodes have
widths equal to or larger than those of the pair of first signal
lines.

19. The liquid crystal display device according to claim 18,
wherein the first and second sub-common electrodes do not
extend from a position right under a black matrix formed on
the second substrate to the pixel electrode side.
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