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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
268749, filed Dec. 26, 2013, 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, liquid crystal display devices of a
vertical alignment method, in which liquid crystal molecules
with a negative dielectric constant anisotropy are aligned
substantially vertical to a substrate, have been put to practical
use. Among others, a liquid crystal display device of a multi-
domain type, in which directions of inclination of liquid
crystal molecules in one pixel are divided between a plurality
of regions, has been proposed with various configurations,
since a wide viewing angle can be realized.

[0004] For example, there is known such a configuration
that dielectric projections are discontinuously provided on a
counter-electrode, and slits are provided in a pixel electrode
so as to be opposed to a part of division of the projections.
[0005] In the meantime, in an active-matrix-type liquid
crystal display device, a storage capacitance is necessary for
holding for a predetermined period a voltage which is applied
to aliquid crystal layer. The storage capacitanceis constituted
by a pair of electrodes or wiring lines, which are opposed via
an insulation film. At least one of the electrodes or wiring
lines, which constitute the storage capacitance, is formed of a
light-shielding material, and serves as a light-shield layer
which crosses a pixel. This leads to a decrease in aperture
ratio, transmittance or luminance per pixel, which contributes
to display. Therefore, there is ademand for improving display
quality, while securing a capacitance necessary for display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a view which schematically illustrates a
structure and an equivalent circuit of a liquid crystal display
panel LPN which constitutes a liquid crystal display device
according to an embodiment.

[0007] FIG.2isaplanview which schematically illustrates
astructure example of one pixel PX and a vicinity of the pixel
PX of an array substrate AR which is applicable to the liquid
crystal display device of the embodiment.

[0008] FIG.3isaplanview which schematically illustrates
astructure example of one pixel PX and a vicinity of the pixel
PX of'a counter-substrate CT which is applicable to the liquid
crystal display device of the embodiment.

[0009] FIG. 4 is a view which schematically illustrates a
cross-sectional structure of the liquid crystal display panel
LPN in an active area including a switching element SW
shown in FIG. 2.

[0010] FIG. 5 is a cross-sectional view, taken along line
A-B in FIG. 3, which schematically illustrates a cross-sec-
tional structure of the liquid crystal display panel LPN.
[0011] FIG. 6 is a cross-sectional view, taken along line
C-D in FIG. 3, which schematically illustrates a cross-sec-
tional structure of the liquid crystal display panel LPN.

Jul. 2,2015

DETAILED DESCRIPTION

[0012] In general, according to one embodiment, a liquid
crystal display device includes: a first substrate including a
first common electrode in which a first slit extending in a first
direction is formed, a first pixel electrode opposed to the first
common electrode, a second pixel electrode opposed to the
first common electrode and neighboring the first pixel elec-
trode in a second direction with the first slit being interposed,
and a first alignment film covering the first pixel electrode and
the second pixel electrode; a second substrate including a
second common electrode opposed to the first slit, the first
pixel electrode and the second pixel electrode and having a
potential identical to a potential of the first common elec-
trode, and a second alignment film covering the second com-
mon electrode; and aliquid crystal layer held between the first
alignment film and the second alignment film.

[0013] According to another embodiment, a liquid crystal
display device includes: a first substrate including a gate line
extending in a first direction, a first source line and a second
source line each extending in a second direction, a switching
element electrically connected to the gate line and the first
source line, a first interlayer insulation film covering the
switching element, a first common electrode which extends
on the first interlayer insulation film and in which a first slit
and a second slit each extending in the first direction are
formed, a second interlayer insulation film covering the first
common electrode, a pixel electrode which is disposed on the
second interlayer insulation film, is opposed to the first com-
mon electrode and includes a first end portion opposed to the
first slit and a second end portion opposed to the second slit,
and a first alignment film covering the pixel electrode; a
second substrate including a second common electrode
opposed to the pixel electrode, the first slit and the second slit
and having a potential identical to a potential of the first
commor electrode, and a second alignment film covering the
second common electrode; and a liquid crystal layer held
between the first alignment film and the second alignment
film.

[0014] Embodiments will now be described in detail with
reference to the accompanying drawings. Incidentally, in the
drawings, the structural elements, which have identical or
similar functions, are denoted by like reference numerals, and
an overlapping description thereof is omitted.

[0015] FIG. 1 is a view which schematically illustrates a
structure and an equivalent circuit of a liquid crystal display
panel LPN which constitutes a liquid crystal display device
according to an embodiment.

[0016] Specifically, the liquid crystal display device
includes an active-matrix-type liquid crystal display panel
LPN. The liquid crystal display panel LPN is configured to
include an array substrate AR which is a first substrate, a
counter-substrate CT which is a second substrate that is dis-
posed to be opposed to the array substrate AR, and a liquid
crystal layer LQ which is held between the array substrate AR
and the counter-substrate CT. The liquid crystal display panel
LPN includes an active area ACT which displays an image.
The active area ACT corresponds to a region where the liquid
crystal layer LQ is held between the array substrate AR and
the counter-substrate CT, has a rectangular shape, for
instance, and is composed of a plurality of pixels PX which
are arranged in a matrix.

[0017] The array substrate AR includes, in the active area
ACT, aplurality of gate lines G (G1 to Gn) extending in a first
direction X, aplurality of source lines S (S1 to Sm) extending
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in asecond directionY crossing the first direction X, a switch-
ing element SW which is electrically connected to the gate
line G and source line S in each pixel PX, a pixel electrode PE
which is electrically connected to the switching element SW
in each pixel PX, and a first common electrode CE1 which is
opposed to the pixel electrode PE. A storage capacitor CS is
formed, for example, between the first common electrode
CE1 and the pixel electrode PE.

[0018] On the other hand, the counter-substrate CT
includes, for example, a second common electrode CE2
which is opposed to the pixel electrode PE via the liquid
crystal layer LQ.

[0019] Each of the gate lines G is led out of the active area
ACT and is connected to a first driving circuit GD. Each of the
source lines S is led out of the active area ACT and is con-
nected to a second driving circuit SD. At least parts of the first
driving circuit GD and second driving circuit SD are formed
on, for example, the array substrate AR, and are connected to
a driving IC chip 2. The driving IC chip 2 incorporates a
controller which controls the first driving circuit GD and
second driving circuit SD, and functions as a signal supply
source for supplying necessary signals for driving the liquid
crystal display panel LPN. In the example illustrated, the
driving IC chip 2 is mounted on the array substrate AR, on the
outside of the active area ACT of the liquid crystal display
panel LPN.

[0020] Each of the first common electrode CE1 and second
common electrode CE2 extends over substantially the
entirety of the active area ACT and is formed commonly over
aplurality of pixels PX. The first common electrode CE1 and
second common electrode CE2 are electrically connected to
each other and have the same potential. For example, the first
common electrode CE1 and second common electrode CE2
are led out of the active area ACT and are connected to a
power supply module Vecom. The power supply module
Veom is formed, for example, on the array substrate AR on
the outside of the active area ACT, and is electrically con-
nected to the first common electrode CE1 and also electrically
connected to the second common electrode CE2 via an elec-
trically conductive member (not shown). At the power supply
module Veom, for example, a common potential is supplied
to the first common electrode CE1 and second common elec-
trode CE2.

[0021] FIG.2isaplan view which schematically illustrates
astructure example of one pixel PX and a vicinity of the pixel
PX of'the array substrate AR which is applicable to the liquid
crystal display device of the embodiment.

[0022] The array substrate AR includes a gate line G1, a
source line S1, a source line S2, a switching element SW, a
first common electrode CE1, and a pixel electrode PE. In the
example illustrated, as indicated by a broken line in FIG. 2,
the pixel PX has a rectangular shape with a pair of short sides
parallel to the first direction X, and a pair oflong sides parallel
to the second direction Y.

[0023] The gate line G1 extends linearly in the first direc-
tion X. The source line S1 and source line S2 are disposed
with a distance in the first direction X, and extend linearly in
the second direction Y, respectively. The length of the pixel
PX in the first direction X is substantially equal to the pitch of
neighboring source lines in the first direction X. The length of
the pixel PX in the second directionY is substantially equal to
the pitch of neighboring gate lines in the second direction Y.
[0024] In the pixel PX illustrated, the source line S1 is
located at a left side end portion, and is disposed to extend
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over aboundary between the pixel PX and a pixel neighboring
onthe left side. The sourceline S2 is located at a right side end
portion, and is disposed to extend over a boundary between
the pixel PX and a pixel neighboring on the right side. The
gate line G1 is disposed in a manner to cross a central part of
the pixel PX. In the present embodiment, as illustrated in the
Figure, there is no storage capacitance line which crosses the
pixel PX for forming a storage capacitance CS.

[0025] The switching element SW is composed of, for
example, an n-channel thin-film transistor (TFT), and may be
of a top gate type or a bottom gate type, although a detailed
illustration is omitted. The switching element SW includes a
semiconductor layer of, e.g. polysilicon, a gate electrode
connected to the gate line G1, a source electrode which is
connected to the source line S1 and is put in contact with the
semiconductor layer, and a drain electrode WD which is in
contact with the semiconductor layer.

[0026] For example, as indicated by upper left to lower
right hatching lines in the Figure, the first common electrode
CEl1 is disposed over substantially the entirety of the pixel
PX, and further extends from the pixel PX beyond the source
line S1 and source line S2 in the first direction X, and also
extends in the second direction Y. Specifically, the first com-
mon electrode CE1 is opposed to the source line S1 and
source line CE2 and is formed continuously over pixels
neighboring the pixel PX in the first direction X. In addition,
the first common electrode CE1 is formed continuously over
pixels neighboring the pixel PX in the second direction Y.
Furthermore, although not described in detail, the first com-
mon electrode CE1 is disposed over substantially the entirety
of the active area which displays an image, and a part thereof
is led out of the active area and electrically connected to the
power supply module, as described above.

[0027] A slit SLA and a slit SLB are formed in the first
common electrode CEL. Each of the slit SLA and slit SLB
extends in the first direction X. The slit SLA is located at an
upper side end portion of the pixel PX, and is disposed to
extend over a boundary between the pixel PX and a pixel
neighboring on the upper side. The slit SLB is located at a
lower side end portion of the pixel PX, and is disposed to
extend over a boundary between the pixel PX and a pixel
neighboring on the lower side. In addition, an opening OP for
exposing the drain electrode WD is formed in the first com-
mon electrode CE1. The opening OP is located between the
slit SLA and slit SLB, and is located at a substantially central
part of the pixel PX.

[0028] In the meantime, the first common electrode CE1
may be formed such that, while the first common electrode
CEl is disposed over substantially the entirety of the pixel
PX, the first common electrode CE1 is made discontinuous at
an area overlapping the gate line G1, the first common elec-
trode CE1 extends from the pixel PX over the source line S1
and source line S2 in the first direction X, the first common
electrode CE1 is opposed to the source line S1 and source line
S2, and the first common electrode CE1 is continuously
formed in a strip shape over pixels neighboring the pixel PX
in the first direction X.

[0029] As indicated by lower left to upper right hatching
lines in the Figure, a pixel electrode PE1 is formed in an island
shape in the pixel PX. The pixel electrode PE is electrically
connected to the drain electrode WD of the switching element
SW via the opening OP and a contact hole CH overlapping
this opening OP. The shape of the pixel electrode PE1 illus-
trated corresponds to, for example, the shape of the pixel PX,
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and is a rectangular shape having a less length in the first
direction X than in the second direction Y. The pixel electrode
PE1 is opposed to the first common electrode CE1.

[0030] In addition, similar pixel electrodes PE2 to PES5 are
disposed in the other pixels neighboring the pixel PX in the
first direction X and second direction Y. These pixel elec-
trodes PE2 to PES are also opposed to the first common
electrode CEL.

[0031] The pixel electrode PE2, pixel electrode PE1 and
pixel electrode PE3 are arranged in the named order in the
first direction X. The pixel electrode PE4, pixel electrode PE1
and pixel electrode PES are arranged in the named order in the
second directionY. The gate line G1 passes through substan-
tially central parts of the pixel electrode PE2, pixel electrode
PE1 and pixel electrode PE3, and extends in the first direction
X. The source line S1 extends on one end side of the pixel
electrode PEL, or between the pixel electrode PE1 and pixel
electrode PE2, and extends in the second direction Y. The
source line S2 extends on the other end side of the pixel
electrode PE1, or between the pixel electrode PE1 and pixel
electrode PE3, and extends in the second direction Y. The first
common electrode CE1 extends above the source line S1 and
source line S2. The pixel electrode PE1 and pixel electrode
PE4 neighbor in the second direction Y, with the slit SLA
interposed. The pixel electrode PE1 and pixel electrode PE5
neighbor in the second direction Y, with the slit SLB inter-
posed.

[0032] Each of the slit SLA and slit SLB is located between
the source line S1 and source line S2, and has alength L which
is less than the distance between the source line S1 and source
line S2 in the first direction X. Specifically, in the X-Y plane,
neither the slit SLA nor the slit SLB extends to positions
overlapping the source line S1 and source line S2.

[0033] The slit SLA has a width W which is equal to or
greater than the distance between the pixel electrode PE1 and
pixel electrode PE4 in the second direction Y. Specifically, in
the X-Y plane, the end portions of the slit SLA overlap the
pixel electrode PE1 and pixel electrode PE4. Accordingly, the
first common electrode CE1 exists neither at the end portion
of the pixel electrode PE1 nor at the end portion of the pixel
electrode PE4. Similarly, the slit SLB has awidth W which is
equal to or greater than the distance between the pixel elec-
trode PE1 and pixel electrode PE5 in the second direction Y.
Specifically, in the X-Y plane, the end portions of the slit SLB
overlap the pixel electrode PE1 and pixel electrode PES.
Accordingly, the first common electrode CE1 exists neither at
the end portion of the pixel electrode PE1 nor at the end
portion of the pixel electrode PES.

[0034] In the example illustrated, the slit SLA has a width
W which is greater than the distance between the pixel elec-
trode PE1 and pixel electrode PE4, and overlaps an end por-
tion PE1A ofthe pixel electrode PE1, which is opposed to the
pixel electrode PE4, and overlaps an end portion PE4A of the
pixel electrode PE4, which is opposed to the pixel electrode
PE1 In addition, the slit SLB has a width W which is greater
than the distance between the pixel electrode PE1 and pixel
electrode PES, and overlaps an end portion PE1B of the pixel
electrode PE1, which is opposed to the pixel electrode PES,
and overlaps an end portion PESB of the pixel electrode PES,
which is opposed to the pixel electrode PE1. Specifically, if
attention is paid to the pixel electrode PE1, the end portion
PE1A is opposed to the slit SLA, and the end portion PE1B is
opposed to the slit SLB.
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[0035] 1In the meantime, in the example illustrated in FIG.
2, the pixels neighboring in the second direction Y are pixels
of the same color, and the pixels neighboring in the first
direction X are pixels of mutually different colors. Specifi-
cally, the pixel electrode PE4, pixel electrode PE1 and pixel
electrode PES, which are arranged in the second direction Y,
are opposed to the color filter of an identical color. In addition,
the pixel electrode PE2, pixel electrode PE1 and pixel elec-
trode PE3, which are arranged in the first direction X, are
opposed to the color filters of different colors.

[0036] FIG. 3isaplan view which schematically illustrates
astructure example of one pixel PX and a vicinity of the pixel
PX of'a counter-substrate CT which is applicable to the liquid
crystal display device of the embodiment. FIG. 3 shows only
structural parts that are necessary for the description, and the
source line S1, source line S2, gate line G1, slit SLA and slit
SLB of'the first common electrode, pixel electrode PE1, pixel
electrode PE4 and pixel electrode PES, which are main parts
of the array substrate, are indicated by broken lines.

[0037] The counter-substrate CT includes a second com-
mon electrode CE2, etc. The second common electrode CE2
is disposed in the pixel PX, and is opposed to the pixel
electrode PE1. The second common electrode CE2 is also
opposed to the slit SLA and slit SLB. In addition, the second
common electrode CE2 extends from the pixel PX in the first
direction X and the second direction Y, and is located also
above the source line S1 and source line S2. Specifically, the
second common electrode CE2 is disposed continuously over
pixels neighboring on the right side and left side along the first
direction X of the pixel PX, and over pixels neighboring on
the upper side and lower side along the second directionY of
the pixel PX. Furthermore, although not described in detail,
the second common electrode CE2 is disposed over almost
the entirety of the active area.

[0038] A slit SLis formed in the second common electrode
CE2 at a position opposed to the pixel electrode PE1. In the
example illustrated, the slit SL is formed in a strip shape
extending in the second direction Y, and is located substan-
tially at a central part of the pixel PX. This slit SL corresponds
to an alignment control member which mainly controls the
alignment of liquid crystal molecules. In the meantime,
instead of the slit, some other alignment control member,
such as a projection stacked on the second common electrode
CE2, may be disposed, if such an alignment control member
has a function of controlling the alignment of liquid crystal
molecules. The shape of the slit SL is not limited to the
example illustrated, and may be, for instance, a cross shape.
[0039] Besides, the counter-substrate CT includes color
filters 321 to 323. The color filters 321 to 323 are color filters
of mutually different colors, and are arranged in the named
order in the first direction X. In addition, each of the color
filters 321 to 323 extends in the second direction Y. In the
example illustrated, the color filter 322 is opposed to the pixel
electrode PE1, pixel electrode PE4 and pixel electrode PES
which are arranged in the second direction Y.

[0040] FIG. 4 is a view which schematically illustrates a
cross-sectional structure of the liquid crystal display panel
LPN in the active area including the switching element SW
shown in FIG. 2.

[0041] The array substrate AR is formed by using a first
insulative substrate 10 having light transmissivity, such as a
glass substrate or a resin substrate. The array substrate AR
includes, on that side of the first insulative substrate 10, which
is opposed to the counter-substrate CT, a switching element
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SW, a first common electrode CFE1, a pixel electrode PEL, a
first insulation film 11, a second insulation film 12, a third
insulation film (first interlayer insulation film) 13, a fourth
insulation film (second interlayer insulation film) 14, and a
first alignment film ALT.

[0042] In the example illustrated, the switching element
SW is a thin-film transistor of a top gate type. The switching
element SW includes a semiconductor layer SC which is
disposed on the first insulative film 10. In the meantime, an
undercoat layer, which is an insulation film, may be inter-
posed between the first insulative substrate 10 and the semi-
conductor layer SC. The semiconductor layer SC is covered
with the first insulation film 11. The first insulation film 11 is
also disposed on the first insulative substrate 10.

[0043] A gateelectrode WG of the switching element SW is
formed on the first insulation film 11, and is located immedi-
ately above the semiconductor layer SC. The gate electrode
WG is electrically connected to the gate line G1 (or formed
integral with the gate line G1) and is covered with the second
insulation film 12. The second insulation film 12 is also dis-
posed on the first insulation film 11.

[0044] A source electrode WS and a drain electrode WD of
the switching element SW are formed on the second insula-
tion film 12. The source line S1 and source line S2 are simi-
larly formed on the second insulation film 12. The source
electrode WS illustrated is electrically connected to the
source line S1 (or formed integral with the source line S1).
The source electrode WS and drain electrode WD are put in
contact with the semiconductor layer SC via contact holes
penetrating the first insulation film 11 and second insulation
film 12. The switching element SW with this structure, as well
as the source line S1 and source line S2, is covered with the
third insulation film 13. The third insulation film 13 is also
disposed on the second insulation film 12. This third insula-
tion film 13 is formed of, for example, a transparent resin
material. The third insulation film 13 corresponds to a first
interlayer insulation film which covers the switching element
SW.

[0045] The first common electrode CE1 extends over the
third insulation film 13. As illustrated in the Figure, the first
common electrode CE1 extends above the source line S1 and
source line S2, and further extends toward neighboring pix-
els. This first common electrode CE1 is formed of a transpar-
ent, electrically conductive material such as indium tin oxide
(ITO) or indium zinc oxide (I1Z0O). The fourth insulation film
14 is disposed on the first common electrode CE1. A contact
hole CH, which penetrates to the drain electrode WD, is
formed in the third insulation film 13 and fourth insulation
film 14. The contact hole CH is formed in an area overlapping
the opening OP of the first common electrode CE1. The
fourth insulation film 14 has a less thickness than the third
insulation film 13, and is formed of, for example, an inorganic
material such as silicon nitride. The fourth insulation film 14
corresponds to a second interlayer insulation film which cov-
ers the first common electrode CE1.

[0046] The pixel electrode PE1 is formed in an island shape
on the fourth insulation film 14 and is opposed to the first
common electrode CE1. The pixel electrode PE1 is electri-
cally connected to the drain electrode WD of the switching
element SW via the opening OP and contact hole CH. This
pixel electrode PE1 is formed of, for example, a transparent,
electrically conductive material such as ITO or IZO. The pixel
electrode PE is covered with the first alignment film AL1.
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[0047] On the other hand, the counter-substrate CT is
formed by using a second insulative substrate 30 with light
transmissivity, such as a glass substrate or a resin substrate.
The counter-substrate CT includes, on that side of the second
insulative substrate 30, which is opposed to the array sub-
strate AR, a light-shield layer 31, color filters 321 to 323, an
overcoat layer 33, a second common electrode CE2, and a
second alignment film AL2.

[0048] The light-shield layer 31 partitions each pixel PX in
the active area ACT, and forms an aperture portion AP. The
light-shield layer 31 is provided at boundaries between color
pixels, or at positions opposed to the source lines provided on
the array substrate AR. The light-shield layer 31 is formed of
a light-shielding metallic material or a black resin material.

[0049] Each of the color filters 321 to 323 is formed in the
aperture portion AP, and a part thereof overlaps the light-
shield layer 31. For example, the color filter 321 is a red color
filter formed of a resin material which is colored in red. The
color filter 322 is a green color filter formed of a resin material
which is colored in green. The color filter 323 is a blue color
filter formed of a resin material which is colored in blue. The
red color filter 321 is disposed in a red pixel which displays
red, the green color filter 322 is disposed in a green pixel
which displays green, and the blue color filter 323 is disposed
in a blue pixel which displays blue. Boundaries between the
color filters of different colors are located at positions over-
lapping the light-shield layer 31 above the source lines S.

[0050] The overcoat layer 33 covers the color filters 321 to
323. The overcoat layer 33 planarizes asperities of the light-
shield layer 31 and color filters 321 to 323. The overcoat layer
33 is formed of, for example, a transparent resin material. The
overcoat layer 33 serves as an underlayer of the second com-
mon electrode CE2.

[0051] The second common electrode CE2 is formed on
that side of the overcoat layer 33, which is opposed to the
array substrate AR. As illustrated in the Figure, the second
common electrode CE2 extends above the source line S1 and
source line S2, and extends toward the neighboring pixels.
The first common electrode CE1 and second common elec-
trode CE2 are opposed to each other above the source line S1
and source line S2. This second common electrode CE2 is
formed of, for example, a transparent, electrically conductive
material such as ITO or IZO. The second common electrode
CE2 is covered with the second alignment film AL2.

[0052] The first alignment film AL1 and second alignment
film AL2 are formed of a material which exhibits vertical
alignment properties, and have an alignment restriction force
which aligns liquid crystal molecules in a normal direction of
the substrate, without requiring alignment treatment such as
rubbing.

[0053] The above-described array substrate AR and
counter-substrate CT are disposed such that their first align-
ment film AL1 and second alignment film ALL2 are opposed to
each other. In this case, a predetermined cell gap is created
between the array substrate AR and the counter-substrate CT
by columnar spacers which are formed on one of the array
substrate AR and counter-substrate CT. The array substrate
AR and counter-substrate CT are attached by a sealant in the
state in which the cell gap is created. The liquid crystal layer
LQ is sealed in the cell gap between the first alignment film
AL and second alignment film AL.2. The liquid crystal layer
LQ is composed of a liquid crystal material with a negative
(negative-type) dielectric constant anisotropy.
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[0054] A backlight unit BL is disposed on the back side of
the liquid crystal display panel LPN having the above-de-
scribed structure. Various modes are applicable to the back-
light unit BL, but a description of the detailed structure of the
backlight unit BL is omitted here.

[0055] A first optical element OD1, which includes a first
polarizer PL1, is disposed on an outer surface 10B of the first
insulative substrate 10. A second optical element OD2, which
includes a second polarizer PL2, is disposed on an outer
surface 30B of the second insulative substrate 30. The first
polarizer PL.1 and second polarizer PL.2 are disposed, for
example, in a positional relationship of crossed Nicols in
which their polarization axes are perpendicular to each other.
[0056] FIG. 5 is a cross-sectional view, taken along line
A-B in FIG. 3, which schematically illustrates a cross-sec-
tional structure of the liquid crystal display panel LPN. FIG.
6 is a cross-sectional view, taken along line C-D in FIG. 3,
which schematically illustrates a cross-sectional structure of
the liquid crystal display panel LPN. FIG. 5 and FIG. 6 show
only structural parts that are necessary for the description, and
the depiction of the switching element is omitted.

[0057] Inthe array substrate AR, the gate line G1 is formed
on the first insulation film 11, and is covered with the second
insulation film 12. The source line S1 and source line S2 are
formed on the second insulation film 12, and are covered with
the third insulation film 13. The third insulation film 13 is also
disposed on the second insulation film 12.

[0058] The first common electrode CE1 is formed on the
third insulation film 13, is located above the source line S1
and source line S2, and extends to the inside (i.e. between the
source line S1 and source line S2) and the outside of the
position immediately above each of the source line S1 and
source line S2. The first common electrode CE1 is covered
with the fourth insulation film 14. The slit SLA, opening OP
and slit SLB are arranged in the named order in the second
direction Y. In the slit SLA, opening OP and slit SLB, the
fourth insulation film 14 is disposed on the third insulation
film 13.

[0059] The pixel electrode PE1 is formed in an island shape
on the fourth insulation film 14. The pixel electrode PE1 is
opposed to the first common electrode CEL, and is also
located above the slit SLA, opening OP and slit SL.B thereof.
To be more specific, the first common electrode CE1 is
opposed to the pixel electrode PE1 via the fourth insulation
film 14, between the opening OP and slit SLA and between
the opening OP and slit SLB. The end portion PE1A of the
pixel electrode PE1 is located above the slit SLA. The end
portion PE1B of the pixel electrode PE1 is located above the
slit SLB.

[0060] In the counter-substrate CT, the second common
electrode CE2 is opposed to the pixel electrode PFE1, is
opposed to the slit SLA on the outside of the end portion
PE1A of the pixel electrode PE1, and is opposed to the slit
SLB on the outside of the end portion PE1B of the pixel
electrode PEL. In addition, the second common electrode
CE2 is opposed to the first common electrode CE1, without
the pixel electrode PE being interposed, above the source line
S1 and source line S2. Each of the color filters 321 to 323
extends in the second direction Y.

[0061] Next, the operation of the display device in the
embodiment is described.

[0062] Specifically, in the liquid crystal display device with
the above-described structure, in an OFF state in which no
potential difference is produced between the pixel electrode
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PE and the first common electrode CE1 and second common
electrode CE2 (i.e. a state in which no voltage is applied to the
liquid crystal layer LQ), no electric field is produced between
the pixel electrode PE and second common electrode CE2.
Thus, as illustrated in FIG. 4, liquid crystal molecules LM
included in the liquid crystal layer LQ are initially aligned
substantially perpendicular to the substrate major surface
(X-Y plane) between the first alignment film AL1 and second
alignment film AL2. At this time, of the light from the back-
light unit BL, part of linearly polarized light passes through
the first polarizer PL1, and enters the liquid crystal display
panel LPN. The polarization state of the linearly polarized
light, which enters the liquid crystal display panel LPN,
hardly varies when the light passes through the liquid crystal
layer LQ. Thus, the linearly polarized light emerging from the
liquid crystal display panel LPN is absorbed by the second
optical element OD2 that is in the positional relationship of
crossed Nicols in relation to the first polarizer PL1 (black
display).

[0063] In an ON state in which a potential difference is
produced between the pixel electrode PE and the first com-
mon electrode CE1 and second common electrode CE2 (i.e. a
state in which a voltage is applied to the liquid crystal layer
LQ), a vertical electric field or an inclined electric field avoid-
ing the slits SL is produced between the pixel electrode PE
and second common electrode CE2. Thus, the liquid crystal
molecules LM are aligned in a direction different from the
initial alignment direction, by the effect of the vertical electric
field or inclined electric field. Specifically, since negative-
type liquid crystal molecules LM are aligned such that their
major axes cross the electric field, the liquid crystal molecules
LM are aligned in the ON state in an oblique direction orina
horizontal direction, relative to the substrate major surface. In
this ON state, the polarization state of the linearly polarized
light, which enters the liquid crystal display panel LPN, var-
ies depending on the alignment state of the liquid crystal
molecules LM (or the retardation of the liquid crystal layer)
when the light passes through the liquid crystal layer LQ.
Thus, in the ON state, at least part of the light emerging from
the liquid crystal layer LQ passes through the second polar-
izer PL 2 (white display).

[0064] Besides, inthe ON state, a storage capacitance CS is
formed by the pixel electrode PE and the first common elec-
trode CE1 that are opposed to each other via the fourth insu-
lation film 14, and retains a necessary capacitance for dis-
playing an image. Specifically, a pixel potential, which has
been written in each pixel via the switching element SW, is
retained by the storage capacitance CS for a predetermined
period.

[0065] Inthe meantime, in this embodiment, the case of the
linear polarization mode has been illustrated by way of
example. However, the embodiment is also applicable to a
configuration of a so-called circular polarization mode, in
which a ¥4 wavelength plate is inserted between each of the
linear polarizers, which are disposed on the front and back of
the liquid crystal display panel LPN, and the liquid crystal
display panel LPN.

[0066] According to the present embodiment, the second
common electrode CE2 is opposed to the slits SLA and SLB
formed in the first common electrode CE1, between the pixel
electrodes PE neighboring in the second direction Y. Thus, in
the ON state, an equipotential surface along the normal direc-
tion of the substrate is not easily formed in the region between
the pixel electrodes PE neighboring in the second direction Y.
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In other words, in the ON state, in the region between the pixel
electrodes PE neighboring in the second direction Y, an
inclined electric field is formed between the end portion of the
pixel electrode PE and the second common electrode CE2.
Thereby, not only at the central part of the pixel electrode PE,
but also at the region of the end portion of the pixel electrode
PE, the state of alignment of liquid crystal molecules LM
varies, thus contributing to display.

[0067] On the other hand, in a comparative example in
which the second common electrode CE2 is opposed to the
first common electrode CE1 between the pixel electrodes PE
neighboring in the second directionY, that is, in a comparative
example in which no slit is formed in the first common elec-
trode CE1 between the present pixel and a pixel neighboring
this pixel in the second direction, an equipotential surface
along the normal direction of the substrate is formed in the
region between the pixel electrodes PE neighboring in the
second direction Y. In other words, between the present pixel
and a pixel neighboring this pixel in the second direction, due
to the effect of the first common electrode CE1, an inclined
electric field, which occurs between the end portion of the
pixel electrode PE and the second common electrode CE2, is
noteasily formed. Thus, also in the ON state, in the vicinity of
the pixel PX, the alignment state of liquid crystal molecules
LM iskepttobethe initial alignment state (vertical alignment
state). The region, in which the liquid crystal molecules LM
are kept in the initial alignment state, extends to the region of
the vicinity of the end portion of the pixel electrode PE. Thus,
in the vicinity of the end portion of the pixel electrode PE,
there is no contribution to display, despite the ON state. The
inventor confirmed that, as regards the transmittance per pixel
in the ON state, the transmittance obtained in the present
embodiment is 1.25 times higher, when the transmittance
obtained in the comparative example was set at 1.

[0068] In this manner, according to the present embodi-
ment, compared to the comparative example, the aperture
ratio, transmittance or luminance per pixel, which contributes
to display, can be enhanced. Therefore, the display quality
can be improved, while the capacitance necessary for display
is secured.

[0069] In addition, the pixel electrodes neighboring in the
second direction Y are opposed to the color filter of the
identical color. Specifically, the pixel electrodes neighboring
in the second direction Y are disposed in association with the
pixels which display the same color. Thus, even if the align-
ment state of liquid crystal molecules LM has changed to the
ON state in the region between the neighboring pixel elec-
trodes, a color mixing is hardly visually recognized, and the
display quality is not degraded.

[0070] Moreover, each of the slit SLA and slit SLB has the
length [ which is less than the distance between the source
line S1 and source line S2 in the first direction X. In the X-Y
plane, neither the slit SLA nor the slit SLB extends to posi-
tions overlapping the source line S1 and source line S2. Spe-
cifically, in the range in which the first common electrode
CE1 overlaps the upper side of the source line S1 and source
line S2, as the length I becomes greater, the region, where the
inclined electric field is formed at the end portion of the pixel
electrode PE, becomes larger, and therefore the region which
contributes to display can be increased.

[0071] Besides, each of the slit SLA and slit SL.B has the
width W which is equal to or greater than the distance
between the pixel electrodes PE neighboring in the second
directionY. In the X-Y plane, the first common electrode CE1
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exists neither between the slit SLA and the pixel electrode PE
nor between the slit SLB and the pixel electrode PE. Specifi-
cally, as the area of disposition of the first common electrode
CEl1 is smaller between the pixel electrodes PE neighboring
in the second direction Y, an equipotential surface along the
normal direction of the substrate is less easily formed in the
ON state, or in other words, an inclined electric field, which
switches the liquid crystal molecules LM, is more easily
formed in the vicinity of the end portion of the pixel electrode
PE. Accordingly, the area per pixel, which contributes to
display, can be increased.

[0072] Moreover, according to the embodiment, the capaci-
tance, which is necessary for displaying an image in each
pixel, can be produced between the pixel electrode PE and
first common electrode CE1 which are opposed to each other
via the fourth insulation film 14. Thus, when the capacitance
is formed, a wiring line or electrode, which crosses the pixel
and is formed of a light-shielding wiring material, does not
need to be provided. In addition, the fourth insulation film 14
is formed to have a smaller film thickness than the third
insulation film that is formed of a resin material or the like.
Therefore, a relatively large capacitance can easily be formed
by the pixel electrode PE and first common electrode CE1
which are disposed via the fourth insulation film 14.

[0073] Besides, since each of the pixel electrode PE and
first common electrode CE1 is formed of a transparent, elec-
trically conductive material, the region where the pixel elec-
trode PE and first common electrode CE1 overlap contributes
to display. Thus, compared to a comparative example in
which a storage capacitance line crossing the pixel is dis-
posed, the aperture ratio, transmittance or luminance per
pixel, which contributes to display, can be enhanced. There-
fore, the display quality can be improved, while the capaci-
tance necessary for display is secured.

[0074] Inaddition, the first common electrode CE1 extends
above the source line S1 and source line S2. Thus, in the ON
state, an undesired leak electric field from the source line S1
and source line S2 toward the liquid crystal layer LQ can be
shielded by the first common electrode CE1. Specifically, it is
possible to suppress formation of an undesired electric field
or an undesired capacitance between the source line S1 and
source line S2 and the pixel electrode PE or second common
electrode CE2, and to suppress disturbance in alignment of
liquid crystal molecules LM in an area overlapping the source
line S1 and source line S2.

[0075] Furthermore, the liquid crystal molecules LM in the
area overlapping the source line S1 and source line S2 main-
tains the initial alignment state ever in the ON state, since the
first common electrode CE1 and second common electrode
CE2 are kept at the same potential. Therefore, the pixel elec-
trodes PE neighboring in the first direction X can be located
closer to each other up to a processing limit, and the area
which contributes to display per pixel can further be
increased.

[0076] Besides, unlike the upper and lower peripheral
regions of the pixel, at which the slits SLA and SLB are
formed in the first common electrode CE1, no slits are formed
in the left and right peripheral regions of the pixel, that is, in
the regions in the vicinity of the source lines, and an inclined
electric field is hardly formed between the end portion of the
pixel electrode and second common electrode CE 2 by the
effect ofthe first common electrode CE1. Thereby, even when
one of the pixels, which neighbor with the source line inter-
posed, is in the ON state and the other is in the OFF state, the
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liquid crystal molecules LM in the area overlapping the
source line are kept in the initial alignment state. Therefore,
even when the liquid crystal display panel LPN is viewed in
an oblique direction, degradation in display quality due to
color mixing can be suppressed. In addition, since there is no
need to increase the width of the light-shield layer 31 in order
to prevent color mixing, the area per pixel, which contributes
to display, can further be increased.

[0077] As has been described above, according to the
present embodiment, a liquid crystal display device, which
can improve display quality, can be provided.

[0078] 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 comprising:

a first substrate including a first common electrode in
which a first slit extending in a first direction is formed,
a first pixel electrode opposed to the first common elec-
trode, a second pixel electrode opposed to the first com-
mon electrode and neighboring the first pixel electrode
in a second direction with the first slit being interposed,
and a first alignment film covering the first pixel elec-
trode and the second pixel electrode;

a second substrate including a second common electrode
opposed to the first slit, the first pixel electrode and the
second pixel electrode and having a potential identical to
a potential of the first common electrode, and a second
alignment film covering the second common electrode;
and

a liquid crystal layer held between the first alignment film
and the second alignment film.

2. The liquid crystal display device of claim 1, wherein the
first substrate further includes a gate line extending in the first
direction through a center of the first pixel electrode, a first
source line extending on one end side of the first pixel elec-
trode in the second direction, and a second source line extend-
ing on the other end side of the first pixel electrode in the
second direction, and the first common electrode extends
above the first source line and the second source line.

3. The liquid crystal display device of claim 2, wherein the
first common electrode and the second common electrode are
opposed to each other above the first source line and the
second source line.

4. The liquid crystal display device of claim 2, wherein the
first slit has a length which is equal to or less than a distance
between the first source line and the second source line in the
first direction.

5. The liquid crystal display device of claim 1, wherein the
first slit has a width which is equal to or greater than a distance
between the first pixel electrode and the second pixel elec-
trode in the second direction.

6. The liquid crystal display device of claim 5, wherein the
first slit overlaps a first end portion of'the first pixel electrode,
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which is opposed to the second pixel electrode, and a second
end portion of the second pixel electrode, which is opposed to
the first pixel electrode.

7. The liquid crystal display device of claim 1, wherein the
second substrate further includes a color filer of an identical
color, which is opposed to the first pixel electrode and the
second pixel electrode.

8. The liquid crystal display device of claim 1, wherein the
first alignment film and the second alignment film are formed
of a material which exhibits vertical alignment properties.

9. The liquid crystal display device of claim 1, wherein a
third slit extending in the second direction is formed in the
second common electrode.

10. A liquid crystal display device comprising:

a first substrate including a gate line extending in a first
direction, a first source line and a second source line
each extending in a second direction, a switching ele-
ment electrically connected to the gate line and the first
source line, a first interlayer insulation film covering the
switching element, a first common electrode which
extends on the first interlayer insulation film and in
which a first slit and a second slit each extending in the
first direction are formed, a second interlayer insulation
film covering the first common electrode, a pixel elec-
trode which is disposed on the second interlayer insula-
tion film, is opposed to the first common electrode and
includes a first end portion opposed to the first slit and a
second end portion opposed to the second slit, and a first
alignment film covering the pixel electrode;

a second substrate including a second common electrode
opposed to the pixel electrode, the first slit and the sec-
ond slit and having a potential identical to a potential of
the first common electrode, and a second alignment film
covering the second common electrode; and

a liquid crystal layer held between the first alignment film
and the second alignment film.

11. The liquid crystal display device of claim 10, wherein
the first common electrode extends above the first source line
and the second source line.

12. The liquid crystal display device of claim 10, wherein
the first common electrode and the second common electrode
are opposed to each other above the first source line and the
second source line.

13. The liquid crystal display device of claim 10, wherein
each of the first slit and the second slit has a length which is
equal to or less than a distance between the first source line
and the second source line in the first direction.

14. The liquid crystal display device of claim 10, wherein
an opening is formed in the first common electrode between
the first slit and the second slit, and

the pixel electrode is electrically connected to the switch-
ing element via the opening.

15. The liquid crystal display device of claim 10, wherein
the first alignment film and the second alignment film are
formed of a material which exhibits vertical alignment prop-
erties.

16. The liquid crystal display device of claim 10, wherein
a third slit extending in the second direction is formed in the
second common electrode.

17. The liquid crystal display device of claim 10, wherein
the second interlayer insulation film is formed of an inorganic
material.
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