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(57) ABSTRACT

A liquid crystal display device includes a first substrate pro-
vided with first and second electrodes, and a second substrate
disposed to be opposite to the first substrate via a liquid
crystal layer. Regions of pixels each having the first and
second electrodes are arranged in a matrix, and the liquid
crystal layer is driven by an electric field in an in-plane

(22) Filed: Mar. 27, 2012 direction of the first substrate, applied between the first and
. L L second electrodes. A step difference is formed at an opposite
(30) Foreign Application Priority Data side of the first substrate for each of the pixel regions. The first
or second electrode includes a wall-shaped electrode formed
Apr. 5, 2011 (JP) ................................. 2011-083815 at a side wall surface of the step difference and a planar
L . . electrode formed from an edge of the wall-shaped electrode
Publication Classification along the main surface of the first substrate. The wall-shaped
(51) Int.CL electrode and the planar electrode are electrically connected
GO2F 1/1343 (2006.01) to each other.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2011-083815 filed on Apr. 5, 2011, the
contents of which are hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to an active matrix type
liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] In recent years, performance of the liquid crystal
display device has been increasingly improved, and thus there
is a demand for products capable of performing WVGA dis-
play of 800x480 pixels even in small and medium-size liquid
crystal display devices of 3 to 4 inches. However, in small and
medium-size liquid crystal panels capable of performing the
WVGA display, since plural display pixels (hereinafter, sim-
ply referred to as pixels) are required to be formed in a limited
display region, the width of a single pixel width is about 30
um. For this reason, there is a demand for further improve-
ment in aperture ratio or improvement in display mode effi-
ciency.

[0006] As aliquid crystal display device where the display
mode efficiency is improved, there is a liquid crystal display
device disclosed in, for example, JP 6-214244 A. In the liquid
crystal display device disclosed in JP 6-214244 A, a pair of
electrodes are formed at both ends of the pixel region, an
image signal is supplied to one electrode (source electrode),
and a common signal used as a reference is supplied to the
other electrode (common electrode), thereby generating an
electric field (a so-called horizontal electric field) parallel to
the main surface of the liquid crystal display panel and driv-
ing liquid crystal molecules. Particularly, in the liquid crystal
display device disclosed in JP 6-214244 A, the source elec-
trode and the common electrode are formed in a wall shape so
as to protrude toward the second substrate from the main
surface of the first substrate, and the extending direction
thereof is perpendicular to the main surface of the first sub-
strate. With this configuration, in the liquid crystal display
device disclosed in JP 6-214244 A, the density of the electric
flux lines is the same from a region close to the first substrate
to a distant region (a region close to the second substrate), and
thereby display mode efficiency is improved.

[0007] On the other hand, in the small and medium-size
liquid crystal display panels capable of performing the
WVGA display, in order to improve the aperture ratio, the
interval between the adjacent pixels becomes very small, and
thus an interval between the source electrode of each pixel
and the common electrode of the adjacent pixel also becomes
very small. For this reason, in the liquid crystal display device
disclosed in JP 6-214244 A, for example, in a region where a
pixel performing white display and a pixel performing black
display are adjacent to each other, the interval between the
source electrode of the pixel performing white display and the
common electrode of the adjacent pixel performing black
display becomes very small. As aresult, the electric flux lines
generated from the source electrode of the pixel performing
white display head toward the common electrode in the pixel
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and also head toward the source electrode of the adjacent
pixel performing black display. In this case, the density of the
electric flux lines between the source electrode and the com-
mon electrode in the pixel performing white display is high in
the vicinity of the source electrode formed in a wall shape and
the common electrode, and is low in a part distant from each
electrode. That is to say, there is concern that the electric field
intensity is non-uniform in the pixel region, and thus the
display mode efficiency is reduced.

[0008] In addition, there is concern that electric flux lines
heading toward the electrode of the pixel performing black
display from the source electrode of the pixel performing
white display are generated, the liquid crystal molecules in
the pixel region performing black display are driven by the
electric flux lines, thus the transmittance during the black
display is increased, and thereby a dynamic range is lowered.

[0009] Further, signal lines such as a drain line may be
considered to be formed under each electrode in order to
improve the aperture ratio, but there is also concern that the
liquid crystal molecules are driven by electric flux lines head-
ing toward each of adjacent electrodes from each signal line,
and thus the transmittance is increased during the black dis-

play.
SUMMARY OF THE INVENTION

[0010] The present invention has been made in consider-
ation of these problems, and an object of the present invention
is to provide aliquid crystal display device capable of improv-
ing the display mode efficiency by making electric field dis-
tribution in pixels uniform.

[0011] Inorder to solve these problems, there is provided a
liquid crystal display device including a first substrate pro-
vided with a first electrode and a second electrode; and a
second substrate disposed so as to be opposite to the first
substrate via a liquid crystal layer, wherein regions of pixels
each having the first electrode and the second electrode are
arranged in a matrix, and the liquid crystal layer is driven by
an electric field in an in-plane direction of the first substrate,
applied between the first electrode and the second electrode,
wherein a step difference is formed at an opposite side of the
first substrate for each of the pixel regions, wherein the first
electrode or/and the second electrode includes/include a wall-
shaped electrode formed at a side wall surface of the step
difference and a planar electrode formed from an edge of the
wall-shaped electrode along the main surface of the first
substrate, and wherein the wall-shaped electrode and the pla-
nar electrode are electrically connected to each other.

[0012] According to the present invention, it is possible to
make the electric field distribution in each pixel uniform and
to thereby improve display mode efficiency.

[0013] Other effects of the present invention will be appar-
ent from the description of the overall specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.1is a diagram illustrating a pixel configuration
of the liquid crystal display device according to a first
embodiment of the present invention.

[0015] FIG. 2 is a cross-sectional view illustrating a pixel
configuration of the liquid crystal display device according to
the first embodiment of the present invention.
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[0016] FIG. 3 is a plan view illustrating a configuration of
the pixel electrode and the common electrode in the liquid
crystal display device according to the first embodiment of
the present invention.

[0017] FIG. 4 is a diagram illustrating a relationship
between a planar electrode width forming the wall electrode
according to the first embodiment of the present invention and
maximum display mode efficiency, and a relationship
between the planar electrode width and a driving voltage
giving the maximum display mode efficiency.

[0018] FIGS. 5A and 5B are diagrams illustrating distribu-
tion of the electric flux lines in the pixels according to the first
embodiment of the present invention.

[0019] FIG. 6 is a diagram illustrating a relationship
between the planar electrode length in the pixel configuration
according to the first embodiment of the present invention and
black transmittance at wire potential 5V during black display.
[0020] FIG. 7 is a diagram illustrating a relationship
between the planar electrode length in the pixel configuration
according to the first embodiment of the present invention and
black transmittance of an adjacent pixel.

[0021] FIG. 8 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
second embodiment of the present invention.

[0022] FIG. 9 is a display mode efficiency increasing rate
depending on the planar electrode length for each width of the
cover electrode in the liquid crystal display device according
to the second embodiment of the present invention.

[0023] FIG. 10 is a diagram illustrating parameters
between a wall electrode and a pseudo-wall electrode in the
liquid crystal display device according to the second embodi-
ment of the present invention.

[0024] FIG. 11 is a diagram illustrating a relationship
between the planar electrode length of the wall electrode for
each width of the cover electrode and black transmittance
during black display in the liquid crystal display device
according to the second embodiment of the present invention.
[0025] FIG. 12 is a diagram illustrating a relationship
between the planar electrode length of the wall electrode for
each width of the cover electrode and black transmittance of
an adjacent pixel in the liquid crystal display device accord-
ing to the second embodiment of the present invention.
[0026] FIG. 13 is a diagram illustrating a relationship
between the cover electrode width and the black transmit-
tance of the adjacent pixel in the liquid crystal display device
according to the second embodiment of the present invention.
[0027] FIG. 14 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
third embodiment of the present invention.

[0028] FIG. 15 is a cross-sectional view illustrating a
detailed configuration of the wall electrode according to the
third embodiment of the present invention.

[0029] FIG. 16 is a cross-sectional view illustrating a pixel
configuration in another liquid crystal display device accord-
ing to the third embodiment of the present invention.

[0030] FIG. 17 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
fourth embodiment of the present invention.

[0031] FIG. 18 is a cross-sectional view illustrating a pixel
configuration in another liquid crystal display device accord-
ing to the fourth embodiment of the present invention.
[0032] FIG. 19 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
fifth embodiment of the present invention.
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[0033] FIG. 20 is a cross-sectional view illustrating a pixel
configuration in another liquid crystal display device accord-
ing to the fifth embodiment of the present invention.

[0034] FIG. 21 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
sixth embodiment of the present invention.

[0035] FIG. 22 is a cross-sectional view illustrating a pixel
configuration in another liquid crystal display device accord-
ing to the sixth embodiment of the present invention.

[0036] FIG. 23 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
seventh embodiment of the present invention.

[0037] FIG. 24 is a cross-sectional view illustrating a pixel
configuration in another liquid crystal display device accord-
ing to the seventh embodiment of the present invention.
[0038] FIG. 25 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to
an eighth embodiment of the present invention.

[0039] FIG. 26 is a cross-sectional view illustrating a pixel
configuration in another liquid crystal display device accord-
ing to the eighth embodiment of the present invention.
[0040] FIG. 27 is a plan view illustrating a configuration of
another pixel electrode and common electrode in the liquid
crystal display device according to the embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. Here, in the
following description, the same constituent elements are
given the same reference numerals, and repeated description
will be omitted. In addition, X,Y, and Z respectively indicate
an X axis, a’Y axis, and a Z axis.

First Embodiment

[0042] Overall Configuration

[0043] FIG.11is adiagram illustrating a pixel configuration
of the liquid crystal display device according to a first
embodiment of the present invention, and an overall configu-
ration of the liquid crystal display device according to the first
embodiment will be described with reference to FIG. 1. In
addition, in the present specification, transmittance excluding
influence of absorption by a color filter CF or polarizers POL1
and POL2 or influence of an aperture ratio is assumed as
display mode efficiency. Therefore, when an oscillation
direction of linearly polarized light emitted from the polarizer
POL1 on the backlight unit side is incident to the polarizer
POL2 on the display surface side, display mode efficiency in
a case of being rotated by 90 degrees is assumed as 100%.
[0044] AsshowninFIG. 1, the liquid crystal display device
according to the first embodiment has a liquid crystal display
panel PNL which includes a first substrate SUB1 provided
with a pixel electrode (first electrode) PX and a thin film
transistor TFT, a second substrate SUB2 disposed to be oppo-
site to the first substrate SUB1 and provided with color filters
and the like, and a liquid crystal layer interposed between the
first substrate SUB1 and the second substrate SUB2. The
liquid crystal display device is configured by a combination
of the liquid crystal display panel PNL and a backlight unit
(backlight device) (not shown) which is a light source of the
liquid crystal display panel PNL. The first substrate SUB1
and the second substrate SUB2 are fixed to each other with
seal materials SL which are coated on the edge of the second



US 2012/0257156 Al

substrate in a ring shape, and the liquid crystal is also sealed.
However, in the liquid crystal display device according to the
first embodiment, of the regions in which the liquid crystal is
sealed, a region in which display pixels (hereinafter, simply
referred to as pixels) are formed is a display region AR.
Therefore, even in the region where the liquid crystal is
sealed, a region where the pixels are not formed and which is
not related to display is not the display region AR.

[0045] In addition, the second substrate SUB2 has the area
smaller than the first substrate SUB1, and exposes the lower
side portion of the first substrate SUB1 in the figure. A driving
circuit DR formed by semiconductor chips is mounted on the
side portion of the first substrate SUB1. The driving circuit
DR drives the pixels arranged in a display region AR. In
addition, in the following description, there are cases where
the liquid crystal display panel PNL is referred to as a liquid
crystal display device. In relation to the first substrate SUB1
and the second substrate SUB2, for example, a well-known
glass substrate is generally used as a base material; however,
transparent resin insulating substrates may be used.

[0046] In the liquid crystal display device according to the
first embodiment, in the display region AR corresponding to
the surface of the first substrate SUB1 on the liquid crystal
side, scanning signal lines (gate lines) GL, extending in the X
direction of the figure and arranged in parallel to each other in
the Y direction of FIG. 1, and supplied with scanning signals
from the driving circuit DR, are formed. In addition, image
signal lines (drain lines) DL, extending in the Y direction of
the figure and arranged in parallel to each other in the X
direction of FIG. 1, and supplied with image signals (gray-
scale signals) from the driving circuit, are formed. A region
surrounded by two adjacent drain lines DL and two adjacent
gate lines GL forms a pixel, and plural pixels are arranged in
amatrix in the display region AR along the drain lines DL and
the gate lines GL.

[0047] Each of the pixels includes, for example, as shown
in FIG. 1, a thin film transistor TFT which is turned on and off
by a scanning signal from the gate line GL, a pixel electrode
PX which is supplied with an image signal from the drain line
DL via a turned-on thin film transistor TFT, and a common
electrode (second electrode) CT which is supplied with a
common signal having a potential which is a reference with
respect to a potential of the image signal, via a common line
CL. In FIG. 1, the pixel electrode PX and the common elec-
trode CT are schematically linearly illustrated, and configu-
rations of the pixel electrode PX and the common electrode
CT according to the first embodiment will be described in
detail later. Here, the thin film transistor TFT according to the
first embodiment is driven such that a drain electrode and a
source electrode are changed due to a bias application; how-
ever, in the present specification, for convenience, an elec-
trode connected to the drain line DL is a drain electrode, and
an electrode connected to the pixel electrode PX is a source
electrode.

[0048] An electric field having a component parallel to the
main surface of the first substrate SUB1 is generated between
the pixel electrode PX and the common electrode CT, and
liquid crystal molecules are driven by the electric field. It is
known that the liquid crystal display device can perform
so-called wide viewing angle display, and the liquid crystal
display device is called an IPS type or a horizontal electric
field type because of the singularity of the application of an
electric field to the liquid crystal. In addition, the liquid crys-
tal display device with such a configuration performs display
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in a normally black display form where light transmittance is
the minimum (black display) in a case where the electric field
is not applied to the liquid crystal, and the light transmittance
is gradually increased by applying the electric field.

[0049] Each of the drain lines DL and the gate lines GL
extends over the seal material SL at its end portion and is
connected to the driving circuit DR which generates driving
signals such as image signals and scanning signals based on
an input signal from an external system via a flexible printed
board FPC. Although the liquid crystal display device accord-
ing to the first embodiment has the configuration where the
driving circuit DR is formed using semiconductor chips and is
mounted on the first substrate SUB1, there may be a configu-
ration where one or both of an image signal driving circuit for
outputting image signals and a scanning signal driving circuit
for outputting scanning signals are mounted on a flexible
printed board FPC in a tape carrier type or a COF (Chip On
Film) type so as to be connected to the first substrate SUB1.
[0050] Detailed Configuration of Pixel

[0051] FIG. 2 is a cross-sectional view illustrating a pixel
configuration in the liquid crystal display device according to
the first embodiment of the present invention, and FIG. 3 is a
plan view illustrating the pixel electrode and the common
electrode in the liquid crystal display device according to the
first embodiment. Here, in the following description,
although a case is described in which the pixel electrode PX
is a wall-shaped electrode, and the common electrode CT is a
pseudo-wall-shaped electrode where a pair of linear elec-
trodes are formed, the common electrode CT may be a wall-
shaped electrode, and the pixel electrode PX may be a
pseudo-wall-shaped electrode.

[0052] As is clear from a positional relationship between
the wall electrode (first electrode) PX and the linear elec-
trodes (second electrodes) CT1 and CT2 for one pixel shown
in FIG. 3, the pixel PXL in the liquid crystal display device
according to the first embodiment includes the pixel electrode
(wall electrode) PX formed at the peripheral portion of the
pixel PXL, and the common electrode disposed in the pixel
electrode PX and formed from a pair of linear electrodes CT1
and CT2. The wall electrode PX is formed so as to surround
the boundary portion with adjacent pixels, indicated by the
two-dot chain line, that is, the region of the pixel PXL along
the peripheral portion of the pixel PXL. The linear electrodes
CT1 and CT2 are formed in the longitudinal direction (the Y
direction in the figure) of the pixel PXL.

[0053] Particularly, in the liquid crystal display device
according to the first embodiment, an insulating layer PAS3
which is formed in a convex shape at the pixel boundary
portion indicated by the two-dot chain line, and thereby a step
difference is formed along the peripheral portion of the pixel
PXL. A wall-shaped electrode PX1 is formed at the side wall
surface of the step difference, that is, the side wall surface of
the insulating layer PAS3, a planar electrode (first planar
electrode) PX2 is consecutively formed from the wall-shaped
electrode PX1 along the main surface of the first substrate
SUBI1, and the wall electrode PX is formed by the wall-
shaped electrode PX1 and the planar electrode PX2. With this
configuration, the annular wall-shaped electrode PX1 which
stands (slant) from the main surface of the first substrate
SUBL, that is, stands from the main surface of the first sub-
strate SUB1 toward the side where the second substrate SUB2
is disposed, and the wall electrode PX is disposed so as to
surround the region of the pixel PXL along the peripheral
portion of the pixel PXL. In addition, the insulating layer
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PAS3 is formed at the boundary portion with adjacent pixels
PXL, and thus is not limited to a transmissive insulating film
material, and may be formed using a light blocking insulating
film material as described later in detail.

[0054] At this time, as shown in the cross-sectional view of
FIG. 2, the wall-shaped insulating layer PAS3 is formed
exceeding the pixel boundary portion indicated by the two-
dot chain line, and the planar electrode PX2 is formed extend-
ing in the in-plane direction of the main surface of the first
substrate SUB1 from the end portion (edge) on the substrate
surface side of the wall-shaped electrode PX1 formed at the
side surface. In addition, a pair of linear electrodes CT1 and
CT2 forming the common electrode CT are formed so as to
overlap each other via the liquid crystal layer L.C in the region
between the wall electrodes PX disposed at both ends of the
pixel PXL shown in FIG. 2.

[0055] In other words, in the liquid crystal display panel
according to the first embodiment, the insulating layer PAS1
for insulating the gate insulating layer of the thin film tran-
sistor or the gate line from the drain line is formed on the
opposite surface side which is one surface of the first substrate
SUB1, and the drain lines DL are formed at the upper layer of
the insulating layer PAS1. The insulating layer PAS2 for
protecting the drain lines DL is formed on the drain lines DL,
and the insulating layer PAS3 with a convex shape protruding
toward the liquid crystal layer LC side is formed at the upper
layer of the insulating layer PAS2. At this time, the thin film
transistor TFT is formed in a region TA overlapping the
formation region of the insulating layer PAS3, that is, the
formation region of the wall electrode PX, and thereby the
thin film transistor TFT is formed in a region where light is
blocked by the black matrix (light blocking layer) BM, result-
ing in improving an aperture ratio of the pixels. However, the
formation position of the thin film transistor TFT is not lim-
ited thereto, and may be other positions.

[0056] In addition, the planar electrode PX2 forming a part
ofthe wall electrode PX which is the pixel electrode is formed
at the upper layer of the insulating layer PAS2. The planar
electrode PX2 is formed in an annular shape at the liquid
crystal side surface of the insulating layer PAS2, and, particu-
larly, the outer edge portion of the planar electrode PX2 is
integrally connected to the peripheral portion on the lower
side of the wall-shaped electrode PX1. That is to say, in the
wall electrode PX according to the first embodiment, the
peripheral portion on the lower side of the wall-shaped elec-
trode PX1 formed in an annular shape extends with a prede-
termined width L1 on the insulating layer PAS2, thereby
forming the planar electrode PX2. With this configuration, it
is possible to prevent electric flux lines on the lower side of
the wall-shaped electrode PX1 formed in an annular shape
from turning around the lower side of the insulating layer
PAS3, that is, the first substrate SUBI1 side, and heading for
the wall electrode PX of the adjacent pixel PXL. In addition,
details thereof will be described later.

[0057] In addition, the linear electrode CT1 extending in
the Y direction in the figure is formed on the insulating layer
PAS2 in the middle of the pixels PXL in the figure in the X
direction. In addition, the linear electrode CT2 forming a pair
with the linear electrode CT1 is formed on the second sub-
strate SUB2 side. The linear electrode CT1 and the linear
electrode CT2 are formed so as to at least partially overlap
each other in the in-plane direction of the liquid crystal dis-
play panel, that is, when viewed from the display surface side
and the rear surface side, and are disposed so as to be opposite
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to each other via the liquid crystal layer LC. With this con-
figuration, a potential applied to the liquid crystal layer LC in
the region interposed between a pair of linear electrode CT1
and linear electrode CT2 is maintained at the same potential,
and the common electrode (pseudo-wall electrode) CT is
formed in which the same potential region forming the wall
shape is a pseudo-wall electrode. At this time, since the liquid
crystal molecules can be driven in the region where the region
forming the pseudo-wall electrode CT, that is, the region
where the linear electrodes CT1 and CT2 overlap each other,
it is possible to prevent the display mode efficiency from
being reduced in the region of the pseudo-wall electrode CT.
In addition, details thereof will be described later.

[0058] On the other hand, in the surface of the second
substrate SUB2 disposed so as to be opposite to the first
substrate SUB1 via the liquid crystal layer LC, the black
matrices BM which are a light blocking layer are formed on
the opposite surface side which is a side of the liquid crystal
layer LC. The black matrices BM are formed in the region
between the adjacent pixels PXL in the same manner as the
related art, and are formed in the X direction and Y direction
along the peripheral portion of each of the pixels PXL. How-
ever, the black matrices BM may be formed only in the Y
direction which is the extending direction of the drain lines
DL.

[0059] Inaddition, acolor filter CF corresponding to one of
R (red), G (green), and B (blue) for each pixel PXL is formed
on the opposite surface side of the second substrate SUB2,
and thereby a unit pixel for color display is formed by the
pixels PXL of RGB. Further, the linear electrode CT2 is
formed at the upper layer of the color filter CF, and is formed
at a position opposite to the linear electrode CT1 on the first
substrate SUB1 via the liquid crystal layer LC. A well-known
alignment layer ORI is formed at the upper layer of the color
filter CF so as to cover the black matrices BM, the color filter
CF, and the linear electrode CT2.

[0060] The polarizer POL1 is attached to the backlight unit
side which is a rear surface side of the liquid crystal display
panel PNL according to the first embodiment having the
configuration, and the polarizer POL2 is attached to the dis-
play surface side.

[0061] In addition, although the planar electrode PX2
forming the wall electrode PX and the linear electrode CT1
are formed at the same layer in the first embodiment, for
example, there may be other configurations where an insula-
tion layer may be formed at the upper layer of the linear
electrode CT1, and a wall electrode ST including the planar
electrode PX2 may be formed at the upper layer of the insu-
lating layer. In addition, the wall-shaped electrode PX1 and
the planar electrode PX2 forming the wall electrode PX
which is a pixel electrode and the linear electrodes CT1 and
CT2 forming the pseudo-wall electrode CT which is a com-
mon electrode may be formed using a transparent conductive
film material, for example, ITO (Indium Tin Oxide), AZO
(Aluminum doped Zinc Oxide), GZO (Gallium doped Zinc
Oxide), or the like.

[0062] Detailed Effects of Wall Electrode

[0063] Next, FIG. 4 is a diagram illustrating a relationship
between a planar electrode width forming the wall electrode
according to the first embodiment of the present invention and
maximum display mode efficiency, and a relationship
between the planar electrode width and a driving voltage
giving the maximum display mode efficiency. FIGS. 5A and
5B are diagrams illustrating distribution of the electric flux
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lines in the pixels according to the first embodiment of the
present invention. Hereinafter, the wall electrode according to
the first embodiment will be described in detail with reference
to FIGS. 4 to 5B. Here, in FIGS. 5A and 5B, FIG. 5A shows
distribution of the electric flux lines when the planar electrode
PX2 is not formed, that is, the wall electrode PX is formed
only by the wall-shaped electrode PX1, and FIG. 5B shows
distribution of'the electric flux lines when the planar electrode
PX2 is formed, that is, the wall electrode PX is formed by the
wall-shaped electrode PX1 and the planar electrode PX2. In
addition, although a case will be described in which the wall
electrodes PX at both ends of the pixel PXL are pixel elec-
trodes and the pseudo-wall electrode CT is a common elec-
trode in the liquid crystal display panel PNL according to the
first embodiment, the wall electrodes at both ends of the pixel
PXL may be common electrodes and the pseudo-wall elec-
trode may be a pixel electrode. With this configuration, it is
possible to further suppress black transmittance of adjacent
pixels described later than in a case of using the wall elec-
trodes at both ends of the pixel PXL as a pixel electrode.
[0064] The display mode efficiency shown in FIG. 4 is a
value of one white display pixel when the white display pixel
and black display pixel are alternately arranged, and, particu-
larly, is transmittance excluding influence of absorption by
the color filter CF or the polarizers POL1 and POL2, or
influence of an aperture ratio. Therefore, when an oscillation
direction of linearly polarized light emitted from the polarizer
POL1 on the backlight unit side is incident to the polarizer
POL2 on the opposite side (display surface side), display
mode efficiency is 100% in a case of being rotated by 90
degrees.

[0065] As is clear from the graph r1 indicating a relation-
ship between the planar electrode width and the maximum
display mode efficiency shown in FIG. 4, a maximum value of
the maximum display mode efficiency is present with respect
to the electrode width L1 of the planar electrode PX2 forming
the pixel electrode PX according to the first embodiment.
That is to say, in the structure of the wall electrode PX accord-
ing to the first embodiment, the maximum display mode
efficiency is 86% when the planar electrode width .1 L1=0
um, corresponding to the case where the planar electrode PX2
is not formed, whereas the maximum display mode efficiency
is 88% of the maximum value in a case of L1=2 um. In
addition, when the planar electrode length [.1 is L1=3 um
larger than L.1=2 pm, the maximum display mode efficiency
is reduced to 86%. Therefore, ifthe planar electrode length [.1
is L1=0.5 to 2.8 um from the graph r1, the maximum display
mode efficiency can be improved, and, particularly, L1=2 pm
is suitable.

[0066] Further, as is clear from the graph r2 indicating a
relationship between the planar electrode width and the driv-
ing voltage giving the maximum display mode efficiency
(hereinafter, referred to as Vmax), if the electrode length [.1
of the planar electrode PX2 is increased, the driving voltage
Vmax is gradually reduced. This is because, the increase in
the planar electrode length L1 is equivalent to shortening the
distance between the wall electrode PX and the pseudo-wall
electrode CT, and an intensity of the electric field applied
between the wall electrode PX and the pseudo-wall electrode
CT can be made to be great. Thus, the planar electrode PX2
can contribute to lowering a driving voltage of the liquid
crystal molecules.

[0067] From the above description, in the liquid crystal
display panel PNL according to the first embodiment, the
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planar electrode PX2 forming the wall electrode PX is formed
so as to have the electrode length L1=0.5 to 2.8 pum, and
thereby it is possible to improve the maximum display mode
efficiency and to lower a driving voltage. The planar electrode
PX2 is formed suitably so as to have the electrode length
L1=2 to 2.8 um, and thereby it is possible to greatly lower a
driving voltage and to improve the maximum display mode
efficiency.

[0068] Inaddition, as shown in FIG. 5A, in a case where the
planar electrodes are not provided at the wall electrodes PX at
both ends of the pixel, that is, the wall electrode PX is formed
only by the wall-shaped electrode PX1, since the wall elec-
trode PX which is a pixel electrode is closer to the wall-
shaped electrode PX1 of the adjacent pixel PXL than the
pseudo-wall electrode CT, for example, the electric flux lines
LF1 and LF2 generated from the lower (first substrate side)
side portion of the left wall electrode PX in FIG. 5A and the
electric flux lines LF1 and LF2 generated from the lower side
portion of the right wall electrode PX in FIG. 5A respectively
head toward the electrodes (wall electrodes PX) of the adja-
cent pixels. As a result, the density of the electric flux lines LF
between the wall-shaped electrode PX1 which is a pixel elec-
trode and the pseudo-wall electrode CT which is a common
electrode becomes high around the wall electrode PX (indi-
cated by DA in FIG. 5A) and becomes low at a region distant
from the wall electrode PX, that is, around the pseudo-wall
electrode CT (indicated by SA in FIG. 5A). Thereby, the
electric field intensity between the electrodes in each pixel
PXL is non-uniform, and thus the display mode efficiency is
reduced.

[0069] On the other hand, as shown in FIG. 5B, in a case
where the planar electrode PX2 is provided at the wall elec-
trode PX, that is, the wall electrode PX is formed by the
wall-shaped electrode PX1 and the planar electrode PX2, the
density of the electric flux lines LF between the wall electrode
PX and the pseudo-wall electrode CT can be made to be
uniform. That s to say, the density of the electric flux lines LF
between the wall electrode PX which is a pixel electrode and
the pseudo-wall electrode CT which is a common electrode is
high around the wall electrode PX (indicated by DA in FIG.
5B), and is also high in the region distant from the wall
electrode PX, that is, around the pseudo-wall electrode CT.

[0070] Two reasons may be considered. One is that if the
planar electrode PX2 is provided at the wall-shaped electrode
PX1 as described above, the distance with the pseudo-wall
electrode CT becomes short, and thus non-uniformity of the
density of the electric flux lines LF is suppressed (reason 1).
The other is that since the electric flux lines LF are vertically
generated from the electrodes (the wall-shaped electrode PX1
and the planar electrode PX2) and two or more do not inter-
sect each other, many electric flux lines LF generated from the
upper surface (liquid crystal layer LC side) of the planar
electrode PX2 can be rapidly bent toward the pseudo-wall
electrode CT by the electric flux lines LF generated from the
wall-shaped electrode PX1. The electric flux lines (for
example, the electric flux lines LF1, LF2, LF1 and LF2) pass
between the planar electrode PX2 and the pseudo-wall elec-
trode CT and reach the pseudo-wall electrode CT without
heading toward the electrodes of the adjacent pixels, and thus
contribute to suppressing a variation in the density of the
electric flux lines LF between the wall electrode PX and the
pseudo-wall electrode CT. Therefore, the wall electrode PX is
formed by the wall-shaped electrode PX1 and the planar
electrode PX2, and thereby it is possible to suppress non-
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uniformity of the electric field intensity when there is no
planar electrode PX2 (reason 2). From the reasons 1 and 2, by
providing the planar electrode PX2 at the wall electrode PX,
it is thought that it is possible to suppress the display mode
efficiency from being reduced due to electric field intensity
non-uniformity in the pixel PXL. That is to say, by forming
the planar electrode PX2, the electric flux lines LF in all the
regions in each pixel can be dense so as to efficiently drive the
liquid crystal molecules, and thereby it is possible to improve
the display mode efficiency.

[0071] At this time, as shown in FIG. 4, the maximum
display mode efficiency has a peak value when the length
(electrode length 1) of the planar electrode PX2 is 2 um, and
is lowered when equal to or more than it. This is because if the
planar electrode PX2 is lengthened, since a ratio of the com-
ponent of the electric flux lines LF in the thickness direction
(Z direction) of the liquid crystal layer is increased, a tilt angle
of'the liquid crystal molecules forming the liquid crystal layer
LC, and thus a necessary phase difference cannot be obtained.
Therefore, the length of the planar electrode PX2 of the wall
electrode PX is required to be appropriately selected such that
the electric field in the pixel PXL does not become a vertical
electric field excessively.

[0072] FIG. 6 is a diagram illustrating a relationship
between the planar electrode length in the pixel configuration
according to the first embodiment of the present invention and
black transmittance at wire potential 5V during black display,
and FIG. 7 is a diagram illustrating a relationship between the
planar electrode length in the pixel configuration according to
the first embodiment of the present invention and black trans-
mittance of an adjacent pixel. Hereinafter, there will be made
a description of an effect that the wall electrode according to
the first embodiment suppresses an increase in black trans-
mittance due to a wire potential during black display with
reference to FIGS. 6 and 7. In addition, the measurement
results shown in FIGS. 6 and 7 are results regarding the drain
lines DL.

[0073] The wires include the drain lines DL and the gate
lines GL, potentials at the wires are potentials enough to vary
the liquid crystal alignment, and thus there is concern that the
electric flux lines generated from the wires may increase
transmittance during black display (hereinafter, referred to as
black transmittance) even in the first embodiment.

[0074] As is clear from the graph r3 of FIG. 6, in a case
where there is no planar electrode at the wall electrode, that is,
L1=0 (zero), the black transmittance is about 0.5%, whereas
the black transmittance is 0.1% or less when the length L1 of
the planar electrode PX2 is L1=0.5 jum or more, and the black
transmittance is 0.06% or less when the length L1 of the
planar electrode PX2 is L1=1 pum or more. From the graph r3,
the length L1 of the planar electrode PX2 is preferably
L1=0.5 um or more, and more preferably L1=1 pm or more.

[0075] From this result, in the case where there is no planar
electrode PX2 at the wall electrode PX, since the electric flux
lines generated from the wires reach the wall-shaped elec-
trode PX1 close to the wires through the liquid crystal layer,
the liquid crystal is easily moved, and thus black display
mode efficiency is increased. On the other hand, if the planar
electrode PX2 is provided at the wall electrode PX, the elec-
tric flux lines generated from the wires are shielded at the
lower surface of the planar electrode PX2, and thus the num-
ber of the electric flux lines reaching the liquid crystal can be
reduced. As aresult, by lengthening the planar electrode PX2,
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many electric flux lines can be shielded, and thus it is possible
to suppress the black transmittance from being increased due
to the wire potential.

[0076] As is clear from the graph r4 of FIG. 7, the planar
electrode PX2 also achieves an effect of suppressing black
transmittance of a black display pixel adjacent to a white
display pixel. That is to say, as shown in FIG. 7, in the case
where there is no planar electrode PX2 at the wall electrode
PX, that is, the length L1 of the planar electrode PX2 is L1=0
(zero), the black transmittance of the adjacent pixel is 3.4%,
whereas in a case where the length L1 of the planar electrode
PX2 is L1=0.5 pm, the black transmittance of the adjacent
pixel can be reduced to 1.5% or less which is a half or less of
the case where L1=0 um, that is, the planar electrode PX2 is
not provided. In addition, in a case where the length L1 of the
planar electrode PX2 is L1=1 um, the black transmittance of
the adjacent can be reduced to 0.9% which is about a quarter
of the case of L1=0 pm. From the graph r4, the length L1 of
the planar electrode PX2 is preferably 1.1=0.5 pm or more,
and more preferably L1=1 pm or more.

[0077] From this result, in the case where there is no planar
electrode PX2 at the wall electrode PX, the electric flux lines
generated from the wall electrode PX of the white display
pixel turn around both the side portions of the second sub-
strate SUB2 side and the first substrate SUBI1 side of the
corresponding wall electrode PX and reach the wall electrode
PX of the adjacent pixel PXL, thus the liquid crystal (liquid
crystal molecules) of the adjacent pixel PXL is easily moved,
and thereby the black transmittance is increased. On the other
hand, if the planar electrode PX2 is provided at the wall
electrode PX, the electric flux lines reaching the adjacent
pixel PXL through the first substrate SUB1 where the planar
electrode PX2 is formed can be shielded, and thus it is pos-
sible to reduce the black transmittance of the adjacent pixel
PXL. From the above description, provision of the planar
electrode PX2 at the wall electrode PX achieves an effect of
suppressing an increase in the black transmittance of the
adjacent pixel PXL.

[0078] As above, by providing the planar electrode PX2 at
the wall electrode PX, the following effects of lowering a
driving voltage of the liquid crystal, improving the display
mode efficiency, suppressing an increase in the black trans-
mittance due to the wire potential, and suppressing an
increase in the black transmittance of the adjacent pixel are
achieved.

[0079] Detailed Effects of Pseudo-Wall Electrode

[0080] The pseudo-wall electrode CT in the liquid crystal
display device according to the first embodiment, as
described above, is formed by the linear electrodes CT1 and
CT2 which are disposed between the wall electrodes PX
provided at both ends of the pixel PXL in the transverse
direction of the pixel PXL (the X direction in FIGS. 2 and 3)
and extend in the longitudinal direction of the pixel PXL (the
Y direction in FIGS. 2 and 3). That is to say, the pseudo-wall
electrode CT according to the first embodiment functions as a
pseudo-wall electrode in the overlapping region by providing
the linear electrodes CT1 and CT2 of the same potential at the
first substrate SUB1 and the second substrate SUB2 which
are disposed so as to be opposite to each other via the liquid
crystal layer LC, and implements a configuration where a
horizontal electric field is easily applied between the wall
electrodes PX at both ends of the pixel PXL and the pseudo-
wall electrode CT. With this configuration, it is possible to
suppress non-uniformity of the electric field intensity
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between the wall electrode PX and the pseudo-wall electrode
CT, and thus there is an achievement of an effect that the
display mode efficiency can be improved.

[0081] For example, in a case where wall electrodes of the
pixel electrode and the common electrode are provided at
both ends of the pixel PXL, that is, one wall electrode PX of
the wall electrodes PX according to the first embodiment is a
pixel electrode and the other wall electrode PX is a common
electrode, the electric field intensity between the electrodes is
uniform if a gap between a pair of wall electrodes PX is small,
but the electric field intensity between the electrodes becomes
non-uniform if the gap between the electrodes is large.
[0082] In contrast, in the pixel configuration according to
the first embodiment, both of the wall electrodes PX formed
atboth ends of the pixel PXL are pixel electrodes, the pseudo-
wall electrode CT is formed in the region between the wall
electrodes PX, and the pseudo-wall electrode CT is a com-
mon electrode. Therefore, this is equivalent to shortening the
distance between the pixel electrode and the common elec-
trode, and thus it is possible to suppress non-uniformity of the
intensity of the electric field generated between the wall elec-
trode PX which is a pixel electrode and the pseudo-wall
electrode CT which is a common electrode.

[0083] In addition, since the electric field is applied to the
liquid crystal (liquid crystal molecules) on the pseudo-wall
electrode CT, that is, the liquid crystal molecules in the region
where the linear electrode CT1 and the linear electrode CT2
overlap each other, the liquid crystal on the pseudo-wall elec-
trode CT, that is, the liquid crystal molecules in the region
where the linear electrode CT1 and the linear electrode CT2
overlap each other are also moved (driven) and thus can
contribute to image display. Therefore, itis possible to realize
high display mode efficiency in all the pixels.

[0084] In addition, since an electric field around the
pseudo-wall electrode CT is strong when the width of the
pseudo-wall electrode CT is small, the liquid crystal on the
pseudo-wall electrode CT can be easily moved. Therefore, by
making the width of the pseudo-wall electrode CT small, it is
possible to improve the display mode efficiency in all the
pixels. This effect can be achieved even in a case where there
is a difference between the electrode width W2 of the linear
electrode CT2 on the second substrate SUB2 side of the
pseudo-wall electrode CT and the electrode width W1 of the
linear electrode CT1 on the first substrate SUBI1 side. This is
because the electric flux lines pass through the liquid crystal
on the pseudo-wall electrode CT even if the electrode widths
W1 and W2 are different from each other. However, if the
widths W1 and W2 of the pseudo-wall electrode CT are too
large, since the electric flux lines do not pass through the
liquid crystal on the pseudo-wall electrode CT, the liquid
crystal is not moved, and thereby the display mode efficiency
is reduced. From this, the linear electrodes CT1 and CT2 on
the first substrate SUB1 side and the second substrate SUB2
side are required to selectively have the widths W1 and W2
capable of moving the liquid crystal on the pseudo-wall elec-
trode CT. Particularly, it is suitable to form the electrode
width W2 of the linear electrode CT2 so as to be larger than
the electrode width W1 of the linear electrode CT1. The
electric field around the wall electrode PX easily occur in the
upper right direction in the figure by the electric flux lines in
the transverse direction generated from the wall-shaped elec-
trode PX1 and the electric flux lines in the longitudinal direc-
tion generated from the planar electrode PX2, and thus it is
necessary to also set the electric field around the pseudo-wall
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electrode CT to be generated in the upper right direction in
order to make the electric field between the wall electrode PX
and the pseudo-wall electrode CT uniform. If the electric field
around the pseudo-wall electrode CT is to be generated in the
upper right direction, it is effective to set the electrode width
W2 of the pseudo-wall electrode CT2 to be larger than W1.
Since the electric field around the pseudo-wall electrode CT is
easily generated in the upper right direction by setting the
electrode width W2 of the pseudo-wall electrode CT2 to be
larger than W1, horizontal electric field components around
the wall electrode PX and the pseudo-wall electrode CT
become uniform. Therefore, it is possible to obtain high dis-
play mode efficiency. On the other hand, if the electrode width
W1 of the pseudo-wall electrode CT1 is set to be larger than
W2, since the electric field around the pseudo-wall electrode
CT is easily generated in the lower right direction, the hori-
zontal electric field components around the wall electrode PX
and the pseudo-wall electrode CT become non-uniform.
Therefore, the display mode efficiency is lowered. From the
above description, it is suitable to set the electrode width W2
of the linear electrode CT2 to be larger than the electrode
width W1 of the linear electrode CT1.

[0085] The wall electrode PX according to the above-de-
scribed first embodiment is formed of a transparent conduc-
tive film, but is not limited to the transparent conductive film.
For example, in a case where the wall electrodes PX at both
ends of the pixel PXL are hidden by the black matrix BM, a
metal material may be used as an electrode material of the
wall electrode PX. An ITO film used for the transparent
electrode is amorphous at most portions of the film, but a part
thereof is crystallized. As such, if a part of the ITO film is
crystallized, an etching speed of the crystallized portion is
smaller by about two orders of magnitude than that of the
amorphous portion, and thus remains as a so-called etching
remainder in the subsequent etching.

[0086] In contrast, in a case where a material of the wall
electrode PX is a metal electrode, film quality of the metal is
uniform, and thus an etching speed in the film can be made to
be uniform. For this reason, an etching remainder is not left,
and thus a problem such as short-circuited wires is not likely
to occur. Therefore, a yield of liquid crystal display devices is
improved, and this leads to low costs. However, since the
transmittance of the metal electrode is almost 0%, the trans-
mittance is reduced if the metal electrode is disposed at an
opening portion of the pixel PXL. Therefore, the metal elec-
trode is applied to a material of the wall electrode PX, the
length [.2 of the wall electrode PX is preferably smaller than
the length L3 of the black matrix. In other words, the length
L2 of the wall electrode is preferably in a range of 0<[.2=L3.

[0087] As described above, in the liquid crystal display
device according to the first embodiment, of the first substrate
SUB1 and the second substrate SUB2 disposed so as to be
opposite to each other via the liquid crystal layer LC, the pixel
electrode PX and the linear electrode CT1 are formed on the
liquid crystal layer LC side (opposite surface side) of the first
substrate SUB1, and the linear electrode CT2 is formed on the
liquid crystal layer LC side of the second substrate SUB2. The
linear electrodes CT1 and CT2 are disposed so as to overlap
each other via the liquid crystal layer L.C, thereby forming a
pseudo-wall-shaped common electrode. In addition, a step
difference having a convex shape is formed on the opposite
surface side of the first substrate SUB1 along at least a pair of
edges opposite to each other in the pixel region, the wall-
shaped electrode is formed at the side wall surface of the step
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difference, and the planar electrode is formed at the planar
portion extending from the side wall surface, thereby forming
a pixel electrode. The liquid crystal molecules are driven by
an electric field applied between the pixel electrode and the
common electrode, and thus it is possible to improve display
mode efficiency (maximum display mode efficiency).
[0088] In addition, in the configuration according to the
first embodiment, the wall-shaped electrode PX1 forming the
wall electrode PX has a predetermined gap with the opposite
surface of the second substrate SUB2, but is not limited
thereto. For example, such as a case where the insulating layer
PAS3 is a columnar space and the wall-shaped electrode PX1
is formed at the side wall surface of the insulating layer PAS3,
the wall-shaped electrode PX1 may reach the second sub-
strate SUB2.

Second Embodiment

[0089] FIG. 8 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to
the second embodiment of the present invention, and the
liquid crystal display device according to the second embodi-
ment will be described with reference to FIG. 8. Here, the
liquid crystal display device according to the second embodi-
ment is different from the liquid crystal display device
according to the first embodiment only in that cover elec-
trodes CE are formed at the lower layer of the drain lines DL
which are wires, that is, on the first substrate SUB1 side, and
other configurations are the same. Therefore, in the following
description, the cover electrodes CE will be described in
detail. In addition, in the following description, a case where
the cover electrodes CE are formed at the lower layer of the
drain lines DL which are wires will be described; however,
the cover electrodes CE may be formed at the lower layer of
the gate lines. In addition, the cover electrodes CE may be
formed along with the drain lines DL at the lower layer of the
gate lines. Further, in the following description, a case where
0 (zero) V is applied to the cover electrodes CE will be
described; however, other voltages may be applied thereto.
[0090] As shown in FIG. 8, in the liquid crystal display
device according to the second embodiment, the second sub-
strate SUB2 disposed so as to be opposite to the first substrate
SUBI via the liquid crystal layer LC has the same configu-
ration as the configuration according to the first embodiment.
On the other hand, in the first substrate SUB1, the cover
electrodes CE are disposed via the insulating layer PAS1 at
the lower layer of the drain lines DL which are wires formed
in the pixel region. At this time, the cover electrodes CE are
formed along the drain line DL, thus extend in the Y direction
in the display region, and are arranged in parallel to each other
in the Y direction in the same manner as drain lines DL. That
is to say, the wire (the drain line DL or the gate line GL) are
formed in the region between the insulating layer PAS3 at
which the wall-shaped electrode PX1 forming the wall elec-
trode PX is formed and the cover electrode CE.

[0091] In other words, in the liquid crystal display device
according to the second embodiment, a conductive thin film
which is the cover electrode CE is formed at the upper surface
side (opposite surface side) of the first substrate SUB1, and
the insulating layer PAS1 is formed on the upper surface of
the first substrate SUB1 including the upper layer of the cover
electrode CE. The drain line DL is formed on the insulating
layer PAS1, and the insulating layer PAS2 is formed thereon
so as to cover the opposite surface side of the first substrate
SUBL1. The insulating layer PAS3 having a convex shape is
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formed at the upper layer of the drain line DL on the insulat-
ing layer PAS2 along the region of the pixel PXL, and the
wall-shaped electrode PX1 of the adjacent pixel is formed at
the side wall surface of the insulating layer PAS3. At this time,
the planar electrode PX2 is formed at the upper surface of the
insulating layer PAS2 along the edge of the first substrate
SUBI side of the wall-shaped electrode PX1, and the wall-
shaped electrode PX1 and the planar electrode PX2 form the
wall electrode PX of the present invention. Further, the linear
electrode CT1 is formed on the insulating layer PAS2, and the
linear electrode CT2 formed in the second substrate SUB2
and the linear electrode CT1 form the pseudo-wall electrode
CT which is a common electrode. In addition, the alignment
layer ORI is formed on the surface of the first substrate SUB1
so as to cover the wall electrode PX and the linear electrode
CT1, and controls initial alignment of the liquid crystal layer
LC interposed between the first substrate SUB1 and the sec-
ond substrate SUB2.

[0092] Next, FIG. 9 is a display mode efficiency increasing
rate depending on the planar electrode length for each width
of the cover electrode in the liquid crystal display device
according to the second embodiment of the present invention,
and FIG. 10 is a diagram illustrating parameters between a
wall electrode and a pseudo-wall electrode in the liquid crys-
tal display device according to the second embodiment of the
present invention. Hereinafter, the liquid crystal display
device according to the second embodiment will be described
with reference to FIGS. 9 and 10. Here, a reference value
(100%) shown in F1G. 9 corresponds to a case where the cover
electrode width X1 and the length L1 of the planar electrode
are respectively O pm, that is, the cover electrode CE and the
planar electrode PX2 are not provided. The graph r5 indicates
a display mode efficiency increasing rate with respect to the
length L1 of the planar electrode PX2 when the cover elec-
trode width X1 is X1=0 pum, the graph r6 indicates a display
mode efficiency increasing rate with respect to the length L1
of the planar electrode PX2 when the cover electrode width
X1 is X1=2 pm, and the graph r7 indicates a display mode
efficiency increasing rate with respect to the length L1 of the
planar electrode PX2 when the cover electrode width X1 is
X1=4 pm.

[0093] As shown in FIG. 10, in the following description,
the electrode width (the width in the X direction) of the cover
electrode CE formed at the lower layer of the drain line DL is
X1, and the width (width in the X direction) of the black
matrix BM formed in an overlapping manner in the formation
region of the wall electrode PX is L.3. In addition, the distance
from the liquid crystal surface side of the planar electrode
PX2 to the second substrate SUB2, that is, the thickness of the
liquid crystal layer LC is d. Further, of the wall electrodes PX
formed by the wall-shaped electrodes PX1 formed at the side
wall surfaces of the insulating layer PAS3 which is a convex-
shaped body formed between the adjacent pixels and the
planar electrodes PX2, a distance from the end portion of the
wall electrode PX of one pixel side, formed by the wall-
shaped electrodes PX1 and the planar electrodes PX2 respec-
tively formed at the side wall surfaces of the single convex-
shaped body (insulating layer PAS3) in the adjacent pixels, to
the end portion of the wall electrode PX of the other pixel, is
the electrode width [.2 of the wall electrode PX. In other
words, in the present specification, the electrode width L.2 of
the wall electrode PX is a gap between the inner edge portion
of'the planar electrode PX2 of one adjacent pixel and the inner
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edge portion of the planar electrode PX2 of the other adjacent
pixel, formed at the single insulating layer PAS3.

[0094] As is clear from FIG. 9, when the electrode length
L1 of the planar electrode PX2 is O um, and the electrode
width X1 of the cover electrode CE is 2 um (the graph r6) and
4 pum (the graph r7), the display mode efficiency increasing
rate is greatly reduced as 95.7% and 89.8% with respect to the
reference value. This is because, if the width X1 of the cover
electrode CE is increased, the distance (gap) between the wall
electrode PX and the cover electrode CE becomes smaller,
and thus the electric flux lines LF generated from the wall
electrode PX easily reach the cover electrode CE. As a result,
the electric flux lines LF heading toward the pseudo-wall
electrode CT from the wall electrode PX are decreased, and
thereby the electric field intensity between the wall electrode
PX and the pseudo-wall electrode CT becomes non-uniform.

[0095] On the other hand, when the electrode width X1 of
the cover electrode CE is 2 um and 4 pum, as is clear from the
graphs r6 and r7, the display mode efficiency becomes the
maximum at the planar electrode length L1 of 2 um and 3 pum,
respectively, and thus can be improved to 99.5% and 97.9%
with respect to the reference value. A reason thereof may be
considered as follows. A large number of electric flux lines LF
generated from the upper surface of the planar electrode PX2
are rapidly bent by the electric flux lines LF generated from
the wall-shaped electrode PX1 and then reach the pseudo-
wall electrode CT. These electric flux lines LF do not head
toward the electrodes of the adjacent pixels PXL but pass
between the planar electrode PX2 and the pseudo-wall elec-
trode CT, and thus density distribution of the electric flux
lines LF between the wall electrode PX and the pseudo-wall
electrode CT can be made to be uniform. Therefore, it is
thought that non-uniformity of the electric field intensity can
be suppressed. In addition, as shown in the graph r5, in a case
where the electrode width X1 of the cover electrode CE is
X1=0 (zero), that is, the cover electrode CE is not provided,
the display mode efficiency becomes the maximum when the
planar electrode length L1 is 2 pm.

[0096] In other words, by providing the planar electrode
PX2 at the wall electrode PX, it is possible to suppress a
decrease in the display mode efficiency due to the cover
electrode CE. However, if the planar electrode PX2 is much
longer than the liquid crystal layer thickness d, the display
mode efficiency is decreased. There are two reasons. One is
that, as described in the first embodiment, if the planar elec-
trode PX2 is lengthened, a vertical electric field is applied to
the liquid crystal on the planar electrode PX2, and thereby a
problem occurs in which the necessary phase difference can-
not be obtained due to an increase in the tilt angle of the liquid
crystal molecules of the liquid crystal layer LC. The other is
that, if the planar electrode PX2 is larger than the wall-shaped
electrode PX1, the electric flux lines LF generated from the
planar electrode PX2 become more than the electric flux lines
LF generated from the wall-shaped electrode PX1, and
thereby horizontal electric field components applied between
the wall electrode PX and the pseudo-wall electrode CT is
reduced. The height of the wall-shaped electrode PX1 is equal
to or less than the thickness d of the liquid crystal layer L.C in
consideration of a joining process of the second substrate
SUB2 and the first substrate SUB1 forming the liquid crystal
display panel PNL, and thus the length [.1 of the planar
electrode PX2 is in a range of L1=d which is equal to or less
than the liquid crystal layer thickness d in a case of the height
of the wall electrode PX=the liquid crystal layer thickness d.
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In addition, the length L1 of the planar electrode PX2 is
preferably equal to or more than 0.5 um as is clear from the
above-described first embodiment. From the above descrip-
tion, in a case of the height of the wall electrode PX=the
liquid crystal layer thickness d, the length L1 of the planar
electrode PX2 is suitable in a range of 0.5=L1=d (um).

[0097] On the other hand, in a case where the height H1 of
the wall electrode is larger than the liquid crystal layer thick-
ness d, if the planar electrode PX2 is shorter than the wall-
shaped electrode PX1, the electric flux lines LF generated
from the wall-shaped electrode PX1 become more than the
electric flux lines LF generated from the planar electrode
PX2, and thus horizontal electric field components applied
between the wall electrode PX and the pseudo-wall electrode
CTbecome large. On the other hand, ifthe length of the planar
electrode PX2 is larger than the height H1 of the wall elec-
trode, the vertical electric field is applied to the liquid crystal
on the planar electrode PX2 for the above-described reason, a
problem occurs in which the necessary phase difference can-
not be obtained due to an increase in the tilt angle of the liquid
crystal molecules of the liquid crystal layer LC, and thus the
display mode efficiency is reduced. Therefore, in a case of the
height H1 of the wall electrode>the liquid crystal layer thick-
ness d, the length L1 of the planar electrode PX2 is in a range
of L1=H1 which is equal to or less than the height H1 of the
wall electrode. In addition, the length L1 of the planar elec-
trode PX2 is preferably equal to or more than 0.5 um as is
clear from the above-described first embodiment. From the
above description, in a case of the height H1 of the wall
electrode>the liquid crystal layer thickness d, the length L1 of
the planar electrode PX2 is suitable in a range of
0.5=L1=H1.

[0098] Further, in the liquid crystal display device accord-
ing to the second embodiment as well, the planar electrode
PX2 forming the wall electrode PX achieves an effect of
suppressing an increase in the black transmittance due to a
wire (drain lines DL and the like) potential during black
display. FIG. 11 is a diagram illustrating a relationship
between the planar electrode length of the wall electrode for
each width of the cover electrode and black transmittance
during black display in the liquid crystal display device
according to the second embodiment of the present invention.
Here, the black transmittance shown in FIG. 11 corresponds
to a measured value of the black transmittance when a wire
potential of the drain line DL is 5 (V) during black display. In
addition, in the black transmittance shown in FIG. 11, the
graph 8, the graph 19, the graph r10, and the graph rl11
respectively indicate black transmittance with respect to the
length L1 of the planar electrode PX2 in a case where the
cover electrode width X1 is 0 um, that is, the cover electrode
is not provided, in a case where the cover electrode width X1
is 0.5 um, in a case where the cover electrode width X1 is 2
um, and in a case where the cover electrode width X1 is 4 pm.

[0099] As is clear from FIG. 11, even in a case where the
length L1 of the planar electrode PX2 is 0 um, that is, the
planar electrode PX2 is not provided, as can be seen from the
graph r9 to the graph rl11, the black transmittance is 0.09%
when the cover electrode width X1 is 0.5 pm, the black
transmittance is 0.06% at X1=2 um, and the black transmit-
tance is about 0.03% at X1=4 um. On the other hand, in a case
where the cover electrode width X1 is 0 pm, that is, the cover
electrode CE is not provided, the black transmittance is
0.48% at L1=0, it is possible to suppress or reduce the black
transmittance by providing the cover electrode CE.
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[0100] Inaddition, asis clear from the graph 19 to the graph
r11, when the planar electrode PX2 is formed, and the elec-
trode length L1 thereof'is [L1=0.5 um or more, in a case where
the electrode length 1 is increased, the black transmittance is
reduced according to the increase in the planar electrode
width L1, and the cover electrode width X1 gradually
approaches the black transmittance at the cover electrode
width X1 of 4 pm.

[0101] Therefore, forthe same reason as in the first embodi-
ment, if the length L1 of the planar electrode PX2 is
increased, it is possible to suppress an increase in the black
transmittance due to influence of the wire potential (potential
ofthe drain line DL). On the other hand, if the electrode width
X1 of the cover electrode CE formed under the wire is
increased, it is possible to further suppress an increase in the
black transmittance due to influence of the wire potential.
This is because, in a case where the cover electrode CE is not
formed, the electric flux lines LF generated from the lower
surface of the wire (the first substrate SUB1 side) reach the
wall electrode PX, thus the liquid crystal is operated, and
thereby the black transmittance is increased, whereas, if the
cover electrode CE is formed, the electric flux lines LF gen-
erated from the lower surface of the wire is shielded by the
cover electrode CE, and thus it is possible to suppress the
electric flux lines LF from reaching the liquid crystal. There-
fore, the cover electrode CE achieves an effect of suppressing
the black transmittance due to the wire potential.

[0102] Inaddition, the liquid crystal display device accord-
ing to the second embodiment also achieves an effect of
suppressing an increase in the black transmittance when an
adjacent pixel performs black display, in the same manner as
the first embodiment. FIG. 12 is a diagram illustrating a
relationship between the planar electrode length of the wall
electrode for each width of the cover electrode and black
transmittance of an adjacent pixel in the liquid crystal display
device according to the second embodiment of the present
invention, and FIG. 13 is a diagram illustrating a relationship
between the cover electrode width and the black transmit-
tance of the adjacent pixel in the liquid crystal display device
according to the second embodiment of the present invention.
Hereinafter, there will be made a description of an effect of
suppressing an increase in black transmittance when an adja-
cent pixel in the liquid crystal display device according to the
second embodiment performs black display.

[0103] Here, in the graphs shown in FIG. 12, the graph r12,
the graph r13, the graph r14, and the graph rl5 respectively
indicate black transmittance of the adjacent pixel with respect
to the length L1 of the planar electrode PX2 in a case where
the cover electrode width X1 is 0 pum, that is, the cover
electrode is not provided, in a case where the cover electrode
width X1 is 0.5 pm, in a case where the cover electrode width
X1 is 2 pm, and in a case where the cover electrode width X1
is 4 pm. In addition, the graph r16 shown in FIG. 13 indicates
a relationship between the cover electrode width X1 and the
black transmittance of the adjacent pixel in a case where the
electrode length [.1 of the planar electrode PX2 forming the
wall electrode PX is L1=2 pm.

[0104] As is clear from FIG. 12, even in a case where the
length L1 of the planar electrode PX2 is 0 um, that is, the
planar electrode PX2 is not provided, as can be seen from the
graph r13 to the graph r15, the black transmittance of the
adjacent pixel is 0.9% when the cover electrode width X1 is
0.5 pm, the black transmittance the adjacent pixel is 0.19% at
X1=2 pum, and the black transmittance the adjacent pixel is
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about 0.03% at X1=4 um. On the other hand, in a case where
the cover electrode width X1 is O um, that is, the cover
electrode CE is not provided, the black transmittance of the
adjacent pixel is 1.2% at L1=0, it is also possible to suppress
or reduce the black transmittance of the adjacent pixel by
providing the cover electrode CE.

[0105] In addition, as is clear from the graph r13 to the
graph r15 of FIG. 12, when the planar electrode PX2 having
the electrode length [.1 of 0.5 pm or more is formed, and the
electrode length L1 is further increased, the black transmit-
tance of the adjacent pixel is reduced according to the
increase in the planar electrode length [.1, and the cover
electrode width X1 gradually approaches the black transmit-
tance of the adjacent pixel at the cover electrode width X1 of
4 pm.

[0106] As such, in the liquid crystal display device accord-
ing to the second embodiment as well, in the same manner as
the first embodiment, if the planar electrode PX2 is length-
ened, a distance between the wall electrode PX and the
pseudo-wall electrode CT is shortened, and thus the electric
flux lines LF reaching the liquid crystal layer LC forming the
adjacent pixel are shielded by the planar electrode PX2.
Therefore, an increase in the black transmittance of the adja-
cent pixel can be suppressed, and the electrode length L1 of
the planar electrode PX2 is suitably 0.5 um or more.

[0107] Inaddition, as is clear from the graph r16 of FIG. 13,
in the relationship between the electrode width X1 of the
cover electrode CE and the black transmittance of the adja-
cent pixel when the planar electrode of the wall electrode is 2
um, the black transmittance of the adjacent pixel can be
reduced by increasing the electrode width X1 of the cover
electrode CE as described above, in the same manner as the
case of increasing the width L1 of the planar electrode PX2.
From this, the effect can be achieved only by providing the
cover electrode CE even at the minimum width.

[0108] However, if the electrode width X1 of the cover
electrode CE is increased, the display mode efficiency may be
greatly reduced. This phenomenon becomes notable if the
electrode width X1 of the cover electrode CE is longer than
the electrode width L2 of the wall electrode PX, a fringe
electric field which is an electric field in the vertical direction
(tiltdirection) easily occurs between the planar electrode PX2
and the cover electrode CE, and thus an electric field is diffi-
cult to apply between the wall electrode PX and the pseudo-
wall electrode CT. From this, the cover electrode width X1 is
preferably smaller than the wall electrode width 1.2 as
X1=L2.

[0109] Further, it can be seen that, as shown in FIG. 13, if
the cover electrode width X1 is varied from 0.5 pm to 1.0 um,
the black transmittance of the adjacent pixel is reduced by
18% from 0.09 to 0.07, whereas if varied from O pm to 0.5 pum,
the black transmittance of the adjacent pixel is reduced by
44% from 0.17 to 0.09. That is to say, if the cover electrode
width X1 is 0.5 pm or more, the black transmittance of the
adjacent pixel can be made to be 0.10 or less, and it is possible
to efficiently shield the electric flux lines LF generated from
the wires (drain lines DL and the gate lines) and the electric
flux lines LF generated from the lower surface of the planar
electrode PX2 of the white display pixel. From the above-
described effects, the cover electrode width X1 is preferably
in a range of 0.5=X1=L2 (um).

[0110] This is because the electric flux lines LF generated
from the wall electrode PX of the white display pixel reach
the adjacent pixel through the lower part of the wire (the first
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substrate SUB1 side) if there is no cover electrode CE,
whereas the electric flux lines LF passing around the cover
electrode CE are shielded by the cover electrode CE if there is
the cover electrode CE.

[0111] As such, the cover electrode CE achieves both
effects of shielding a wire potential and suppressing black
transmittance of an adjacent pixel.

[0112] From the above description, by providing the planar
electrode PX2 even if the cover electrode CE is formed, the
effects of lowering a driving voltage, improving the display
mode efficiency, suppressing an increase in the black trans-
mittance due to the wire potential, and suppressing an
increase in the black transmittance of the adjacent pixel are
achieved, and the cover electrode CE achieves effects of
suppressing an increase in the black transmittance due to the
wire potential and suppressing an increase in the black trans-
mittance of the adjacent pixel.

[0113] However, the cover electrode CE may not be an
electrode of 0V, that is, may be in a floating state instead of a
constant voltage. In a state where the cover electrode CE is in
a floating state, there is concern that charge is accumulated in
the cover electrode CE and black transmittance is increased
during black display in the configuration in the related art
shown in FIG. 5A. In contrast, in the second embodiment of
the present invention, since the wall electrode PX includes the
planar electrode PX2, the electric flux lines LF generated
from the cover electrode CE where the charge is increased are
shielded by the planar electrode PX2, and thus it is possible to
suppress an increase in the black transmittance. Therefore,
even if the cover electrode CE is in a floating state, there can
be an achievement of effects of not only suppressing an
increase in the black transmittance due to the charge increase,
but also lowering a driving voltage, improving display mode
efficiency, suppressing an increase in the black transmittance
due to a wire potential, and suppressing an increase in black
transmittance of an adjacent pixel, in the same manner as the
above-described effects.

Third Embodiment

[0114] FIG. 14 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
third embodiment of the present invention, and FIG. 15 is a
cross-sectional view illustrating a detailed configuration of
the wall electrode according to the third embodiment of the
present invention. Here, the liquid crystal display device
according to the third embodiment is different from the liquid
crystal display device according to the first embodiment only
in the configuration of the wall electrode PX formed on the
first substrate SUB1 side, and other configurations are the
same. Hereinafter, in the following description, a configura-
tion of the wall electrode PX will be described in detail. In
addition, in the liquid crystal display device according to the
third embodiment as well, although a case will be described in
which the wall electrodes PX at both ends of the pixel PXL are
pixel electrodes and the pseudo-wall electrode CT is a com-
mon electrode, the wall electrodes at both ends of the pixel
PXL may be common electrodes and the pseudo-wall elec-
trode may be a pixel electrode.

[0115] As shown in FIGS. 14 and 15, in the liquid crystal
display device according to the third embodiment, the insu-
lating layers PAS3 having a convex shape are formed in the
region of the pixel PXL, and the wall-shaped electrodes PX1
are formed at side wall surfaces (outer wall surfaces) located
at the boundaries of the pixel PXL in the side wall surfaces of

Oct. 11,2012

the insulating layers PAS3. In addition, the planar electrode
PX2 which is electrically connected to the wall-shaped elec-
trode PX1 is formed at the lower layer side of the insulating
layer PAS3, and a planar electrode (second planar electrode)
PX3 which is electrically connected to the wall-shaped elec-
trode PX1 is formed at the upper layer side of the insulating
layer PAS3. Particularly, in the third embodiment, the planar
electrode PX2 is formed at the lower surface (a surface of the
first substrate SUB1 side) of the insulating layer PAS3, that is,
between the insulating layer PAS2 and the insulating layer
PAS3, and the planar electrode PX3 is formed on the upper
surface side (a surface of the liquid crystal layer L.C side, that
is, an opposite surface side) of the insulating layer PAS3, that
is, between the insulating layer PAS3 and the alignment layer
ORI. At this time, of the edges of the planar electrodes PX2
and PX3, the edges on the wall-shaped electrode PX1 are
consecutively formed with the edges of the wall-shaped elec-
trode PX1 such that the wall-shaped electrode PX1 is electri-
cally connected to the planar electrodes PX2 and PX3,
thereby forming the wall electrode PX where they are dis-
posed so as to be opposite to each other in the in-plane
direction on the first substrate SUB1 side via the pseudo-wall
electrode CT. Thereby, there is formation of the wall elec-
trode PX having the planar electrodes PX2 and PX3 extend-
ing so as to protrude toward the pseudo-wall electrode CT
from the edges of the wall-shaped electrode PX1 at the upper
and lower ends of the wall-shaped electrode PX1. In other
words, the liquid crystal display device according to the third
embodiment has the planar electrode PX2 coming into con-
tact with the first substrate SUB1 and the planar electrode
PX3 close to the second substrate SUB2, and the planar
electrodes PX2 and PX3 are formed extending toward the
pseudo-wall electrode CT side which is a transmissive region
of'the pixel PXL, from the edges of the wall-shaped electrode
PX1.

[0116] In relation to a formation process of the wall elec-
trode PX according to the third embodiment, wires (drain line
DL and the like) are formed at the upper layer of the insulating
layer PAS1, the insulating layer PAS2 is formed so as to cover
the wires, then a conductive thin film which will become the
planar electrode PX2 is formed, and the planar electrode PX2
is formed through patterning. Next, the insulating layer PAS3
having a wall shape (convex shape) is formed at the upper
layer of the planar electrode PX2, a transparent electrode is
formed at the upper layer of the insulating layer PAS3, that is,
the side wall surfaces and the upper surface, and the wall-
shaped electrode PX1 and the planar electrode PX3 are
formed. In this case, the wall electrode PX is formed so as not
to be connected to the wall electrode PX of the adjacent pixel,
that is, so as not to be electrically short-circuited, and the
planar electrode PX2 and the wall-shaped transparent elec-
trode (the wall-shaped electrode PX1) on the insulating layer
are connected to each other on the pixel boundary side indi-
cated by the two-dot chain line.

[0117] Inotherwords, inthe wall electrode PX according to
the third embodiment, the pseudo-wall electrode CT (the
linear electrodes CT1 and CT2) are formed extending in the
longitudinal direction (Y direction) of the pixel PXL for each
pixel PXL. In addition, the wall electrode PX to which the
same image signal is supplied is formed at the edges in the
longitudinal direction which are a pair of edges in the direc-
tion (X direction) perpendicular to the extending direction of
the linear electrode CT1, via the thin film transistor TFT. At
this time, in the wall electrode PX according to the third
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embodiment, as is clear from FIG. 15 which is a cross-sec-
tional view in the transverse direction (XZ plane) of the pixel
PXL, in the cross-sectional structure of the wall electrode PX,
the wall-shaped electrode PX1 and the planar electrodes PX2
and PX3 forming the wall electrode PX are formed in a C
shape, and an opening portion (a C-shaped opening portion)
of the wall electrode PX is opened to the pseudo-wall elec-
trode CT side.

[0118] With this configuration, the electric flux lines LF
generated from the upper and lower planar electrodes PX2
and PX3 extending from the wall-shaped electrode PX1 can
be bent abruptly by the electric flux lines LF generated from
the wall-shaped electrode PX1, thus the number thereof
reaching the pseudo-wall electrode CT becomes large, and
thereby it is possible to suppress non-uniformity of the elec-
tric field intensity. As a result, the liquid crystal display device
according to the third embodiment can achieve a notable
effect that the display mode efficiency in all the pixels can be
further improved in addition to the effects achieved by the
liquid crystal display device according to the first embodi-
ment. In addition, since the planar electrodes PX2 and PX3
are provided on the upper and lower sides of the wall-shaped
electrode PX1, the effects of suppressing an increase in black
transmittance due to a potential of the drain line DL which is
a wire and suppressing an increase in black transmittance of
an adjacent pixel can be improved.

[0119] From the above description, the liquid crystal dis-
play device according to the third embodiment can achieve
novel effects in relation to lowering a driving voltage,
improving display mode efficiency, suppressing an increase
in black transmittance due to wire potential, and suppressing
an increase in black transmittance of an adjacent pixel.
[0120] In addition, in the liquid crystal display device
according to the third embodiment as well, the wall electrode
PX may be formed as a metal thin film, and, in a case where
the wall electrode PX is formed as a metal thin film as well, a
yield of liquid crystal display devices is improved, and
thereby it is possible to manufacture a liquid crystal display
device at low costs, in the same manner as the first embodi-
ment. However, in the case where the wall electrode PX
according to the third embodiment is formed as a metal thin
film, in the same manner as the first embodiment, the width of
two wall electrodes PX disposed so as to be close to the pixel
boundary portion indicated by the two-dot chain line is pref-
erably smaller than the width of the black matrix.

[0121] Further, as shown in the cross-sectional view illus-
trating a pixel configuration in another liquid crystal display
device according to the third embodiment of the present
invention shown in FIG. 16, the cover electrode CE which is
the same as in the second embodiment may be provided at the
lower layer of a wire (for example, the drain line DL).
[0122] In another liquid crystal display device shown in
FIG. 16, the cover electrode CE is disposed at the lower layer
side of the drain line DL which is a wire via the insulating
layer PAS1. In other words, the insulating layer PAS1 is
formed so as to cover the cover electrode CE which is formed
on the liquid crystal layer LC side (opposite surface side) of
the first substrate SUB1, and the drain line DL is formed at the
upper layer of the insulating layer PAS1. At this time, the
cover electrodes CE are formed so as to overlap the drain lines
DL, extend in the Y direction along with the drain lines DL,
and are arranged in parallel to each other in the X direction.
[0123] Inthis case, a configuration of the upper layer of the
drain line DL is the same as that of the above-described liquid
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crystal display device shown in FIG. 14, the insulating layer
PAS2 covering the surface of the first substrate SUB1 includ-
ing the drain line DL, the insulating layer PAS3 forming a step
difference, the wall-shaped electrode PX1 and the planar
electrodes PX2 and PX3 forming the wall electrode PX, and
the linear electrode CT1 forming the pseudo-wall electrode
CT, are formed, and, the alignment layer ORI is formed
thereon so as to cover the liquid crystal layer LC side of the
first substrate SUB1. The first substrate SUB1 is disposed so
as to be opposite to the second substrate SUB2 via the liquid
crystal layer LC, thereby forming the liquid crystal display
panel PNL. In other words, in the same manner as the liquid
crystal display device according to the second embodiment,
the wire (drain line DL) is disposed at the layer between the
wall electrode PX of the pixel PXL and the cover electrode
CE.

[0124] Therefore, in another liquid crystal display device
according to the third embodiment shown in FIG. 16, in
addition to the effects achieved by the liquid crystal display
device according to the third embodiment shown in FIG. 15,
there can be an achievement of a notable effect where the
cover electrode CE can suppress occurrence of electric flux
lines LF reaching the wall electrode PX from the drain line
DL via the liquid crystal layer LC.

Fourth Embodiment

[0125] FIG. 17 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
fourth embodiment of the present invention, which is differ-
ent from the liquid crystal display device according to the first
embodiment only in a configuration of the common electrode
to which a common signal is supplied, and other configura-
tions are the same. Therefore, in the following description, a
configuration of the common electrode will be described in
detail.

[0126] Asshown in FIG. 17, the common electrode accord-
ing to the fourth embodiment has a configuration where the
linear electrode CT2 on the second substrate SUB2 side of a
pair of linear electrodes CT1 and CT2 forming the pseudo-
wall electrode CT which is a common electrode according to
the first embodiment is omitted. In other words, in the same
manner as the first embodiment, the insulating layer PAS3 is
formed along the boundary portion with the adjacent pixel
PXL, and at least wall electrode PX is formed by the wall-
shaped electrode PX1 formed at the side wall surface of the
insulating layer PAS3 and the planar electrode PX2 extending
from the end portion of the wall-shaped electrode PX1 in the
in-plane direction of the first substrate SUB1. On the other
hand, the linear electrode CT1 which is a common electrode
is formed in a region between a pair of wall electrodes PX
disposed so as to be opposite to each other in the X direction,
extends in the region of the pixel PXL in the Y direction, and
is formed only on the first substrate SUB1 side. Therefore, in
the configuration according to the fourth embodiment, a pro-
cess for forming the linear electrode CT2 on the second
substrate SUB2 is unnecessary, and thus it is possible to
manufacture a liquid crystal display device at low costs.
[0127] In the pixel configuration according to the fourth
embodiment as well, since electric flux lines generated from
the lower end portion of the wall-shaped electrode PX1 reach
the linear electrode CT1, and electric flux lines generated
from the planar electrode PX2 also reach the linear electrode
CT1, the same effects as in the first embodiment can be
achieved, and thus it is possible to lower the driving voltage,
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to improve display mode efficiency, to suppress an increase in
black transmittance due to a wire potential, and to suppress an
increase in black transmittance of an adjacent pixel.

[0128] Inaddition, the wall electrodes PX are formed along
the edge of the pixel PXL, and the linear electrode CT1 is
formed in the region between the wall electrodes PX. There-
fore, even in a case where the pixel width in the X direction in
FIG. 17 is increased, a gap (a distance between the electrodes)
between the wall electrode PX which is a pixel electrode to
which an image signal is supplied and the linear electrode
CT1 which is a common electrode to which a common signal
is supplied can be made to be about half of the pixel width. As
a result, there can be an achievement of an effect that non-
uniformity of electric field intensity in the same pixel can be
suppressed.

[0129] Intheconfiguration according to the fourth embodi-
ment, since only the color filters or the black matrices BM are
formed in the second substrate SUB2, it is possible to form a
liquid crystal display panel with the same position alignment
accuracy as in the related art. As a result, it is possible to
reduce the percentage of defects accompanied by joining of
the first substrate SUB1 and the second substrate SUB2
together, and thus a notable effect of improving a yield can be
achieved, thereby manufacturing a liquid crystal display
device at low cost.

[0130] As shown in the cross-sectional view illustrating a
pixel configuration in another liquid crystal display device of
the fourth embodiment of the present invention shown in FIG.
18, the cover electrode CE may be provided at the lower layer
of awire (for example, the drain line DL) in the same manner
as the second embodiment.

[0131] In another liquid crystal display device shown in
FIG. 18 as well, the cover electrode CE is disposed at the
lower layer side of the drain line DL which is a wire via the
insulating layer PAS1. At this time, a configuration of the
upper layer of the drain line DL is the same as that in the liquid
crystal display device shown in FIG. 16, the wall-shaped
electrodes PX1 are respectively formed at the side wall sur-
faces of the insulating layer PAS3 formed at the upper layer of
the cover electrode CE and the drain line DL, and the planar
electrode PX2 extending in the in-plane direction of the first
substrate SUBI1 is formed at the end portion of each wall-
shaped electrode PX1, thereby forming the wall electrode
PX. In addition, the linear electrode CT1 is formed in the
intermediate region between the wall electrodes PX.

[0132] Therefore, in another liquid crystal display device
according to the fourth embodiment shown in FIG. 18, in
addition to the effects achieved by the liquid crystal display
device according to the fourth embodiment shown in FIG. 17,
it is possible to achieve a notable effect that the cover elec-
trode CE can suppress occurrence of electric flux lines LF
reaching the wall electrode PX from the drain line DL via the
liquid crystal layer LC.

Fifth Embodiment

[0133] FIG. 19 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
fifthembodiment of the present invention. In the fifth embodi-
ment, a wall electrode at the pixel boundary is a common
electrode, and a central electrode between the wall electrodes
is a pixel electrode. In addition, configurations other than a
configuration of the common wall electrode CT3 which is a
common electrode are the same as in the fourth embodiment,
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and, in the following description, the common wall electrode
CT3 will be described in detail.

[0134] As shown in FIG. 19, in the liquid crystal display
device according to the fifth embodiment, the insulating layer
PAS3 is formed exceeding the pixel boundary with the adja-
cent pixel indicated by the two-dot chain line, and wall elec-
trodes CT4 is formed at the side wall surfaces thereof. An
electrode having a planar shape (planar electrode) CT5
extending in the in-plane direction of the first substrate SUB1
is consecutively formed from the wall-shaped electrode CT4
with a predetermined width at the end portion on the lower
end side of the wall-shaped electrode CT4, that is, the end
portion on the first substrate SUB1 side. At this time, the
planar electrode (first planar electrode) CT5 is formed along
the upper surface of the insulating layer PAS2.

[0135] Further, an electrode (planar electrode) CT6 formed
from conductive thin film is formed on the upper surface of
the insulating layer PAS3, that is, the surface on the second
substrate SUB2 side, and the end portion of the planar elec-
trode CT6 is connected to the end portion (the end portion on
the second substrate SUB2 side) on the upper end side of the
wall-shaped electrode CT4. The wall-shaped electrode CT4
and the planar electrodes CT5 and CT6 form the common
wall electrode CT3. In addition, a shape of the planar com-
mon electrode CT5 is a shape of the upper surface of the
insulating layer PAS3.

[0136] As such, in the fifth embodiment, since a common
signal is applied to the common wall electrode CT3 formed
between the adjacent pixels, the common wall electrodes CT3
of one of the adjacent pixels PXL in a pair of common wall
electrode CT3 formed at the edge of the pixel are integrally
formed at the upper surface of the insulating layer PAS3 and
are electrically connected to each other. In other words, the
common wall electrodes CT3 are formed so as to cover the
insulating layer PAS3.

[0137] On the other hand, the pixel electrode PX according
to the fifth embodiment is formed from the linear electrode
PX4 formed of a transparent conductive film extending in the
Y direction in FIG. 19, that is, the longitudinal direction of the
pixel PXL, and is formed in a region between a pair of com-
mon wall electrodes CT3 of each pixel PXL.

[0138] As such, in the liquid crystal display device accord-
ing to the fifth embodiment as well, the electrode (the linear
electrode PX4 which is the pixel electrode PX) is formed only
on the first substrate SUB1 in the region between the common
wall electrodes CT3. Therefore, in the same manner as the
fourth embodiment, a notable effect of improving a yield in
manufacturing a liquid crystal display panel can be achieved.
As aresult, a notable effect of manufacturing a liquid crystal
display device at low cost can be achieved.

[0139] Further, in the liquid crystal display device accord-
ing to the fifth embodiment, the common wall electrodes CT3
which are formed so as to cover the insulating layer PAS3 and
to which a common signal is supplied, that is, the common
wall electrodes CT3 at the pixel boundary portion are entire
surface common electrodes. Therefore, it is possible to
increase an area of the common wall electrodes CT3 taking up
an area of the display surface of the liquid crystal display
panel PNL, and to thereby suppress electric flux lines from
the adjacent pixels, and thereby there can be an achievement
of notable effects of suppressing an increase in the black
transmittance of the adjacent pixel and further suppressing a
variation in the transmittance due to a variation in the adjacent
pixel potential.
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[0140] Inaddition, the electric flux lines LF generated from
the linear electrode PX4 which is the pixel electrode PX are
parallel to the in-plane direction of the first substrate SUB1
and reach the common wall electrodes CT3. At this time,
since the planar electrode CT5 forming the common wall
electrode CT3 can suppress electric flux lines from the wire
such as the drain line DL, the same effects as in the fourth
embodiment can be achieved, and thus it is possible to lower
a driving voltage, to improve display mode efficiency, and to
suppress an increase in black transmittance due to a wire
potential.

[0141] As shown in the cross-sectional view illustrating a
pixel configuration in another liquid crystal display device of
the fifth embodiment of the present invention shown in FIG.
20, the cover electrode CE may be provided at the lower layer
of awire (for example, the drain line DL) in the same manner
as the second embodiment.

[0142] Inanother liquid crystal display device according to
the fifth embodiment shown in FIG. 20, the cover electrode
CE is disposed at the lower layer side of the drain line DL
which is a wire via the insulating layer PAS1. At this time, a
configuration of the upper layer of the drain line DL is the
same as that in the liquid crystal display device shown in FIG.
19, a pair of common wall electrodes CT3 are formed so as to
cover the insulating layer PAS3 formed at the pixel boundary
portion, each common wall electrode CT3 is formed by the
common wall electrode CT4 and the planar common elec-
trodes CTS and CT6, and the linear electrode PX4 is formed
between a pair of common wall electrodes CT3.

[0143] Therefore, in another liquid crystal display device
according to the fifth embodiment shown in FIG. 20 as well,
in addition to the effects achieved by the liquid crystal display
device according to the fifth embodiment shown in FIG. 19, it
is possible to achieve a notable effect that the cover electrode
CE can suppress occurrence of electric flux lines LF reaching
the wall electrode PX from the drain line DL via the liquid
crystal layer LC.

Sixth Embodiment

[0144] FIG. 21 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
sixth embodiment of the present invention, and configura-
tions other than a configuration of the wall electrode PX
which is a pixel electrode and a formation position of the
drain line DL are the same as in the fifth embodiment. There-
fore, in the following description, a configuration of the wall
electrode PX and the drain line DL will be described in detail.
[0145] As shown in FIG. 21, the insulating layer PAS3
which protrudes in a convex shape is formed on the opposite
surface side of the first substrate SUB1 in the region of each
pixel as well as the boundary portion with adjacent pixel, and
a conductive thin film is formed so as to cover the insulating
layer PAS3. In other words, in the sixth embodiment, the wall
electrode is formed in the region (transmissive region) of the
pixel PXL as well as the edge of the pixel PXL. However, of
the conductive thin films covering the insulating layers PAS3,
at least the conductive thin film covering the insulating layer
PAS3 formed at the boundary portion with the adjacent pixel,
that is, the insulating layer PAS3 formed inside the pixel
region is transparent.

[0146] In the liquid crystal display device according to the
sixth embodiment, the conductive thin film covering the insu-
lating layer PAS3 formed at the boundary portion with the
adjacent pixel is a common electrode (common wall elec-
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trode) CT3 to which a common signal is supplied, and the
conductive thin film covering the insulating layer PAS3
formed in the region between a pair of common wall electrode
CT3, that is, the pixel region, is a pixel electrode (wall elec-
trode PX) to which an image signal is supplied via the thin
film transistor.

[0147] At this time, the wall electrode PX and the common
wall electrode CT3 are formed by the wall-shaped electrodes
PX1 and CT4 formed at the side wall surfaces of the insulat-
ing layers PAS3, the planar electrodes PX2 and CT5 formed
extending from the lower end sides of the wall-shaped elec-
trodes PX1 and the CT4 in the in-plane direction of the first
substrate SUB1, and the planar electrodes PX3 and CT6
formed so as to cover the top portions of the insulating layer
PAS3 from the upper end sides of the wall-shaped electrodes
PX1 and CT4. In other words, in the sixth embodiment, the
wall electrode PX which is a pixel electrode is formed in the
region between a pair of wall electrodes CT.

[0148] In addition, in the sixth embodiment, the drain line
DL is disposed at the lower layer of the wall electrode PX, that
is, at the lower layer of the insulating layer PAS3 where the
wall electrode PX is formed, via the insulating layer PAS2. In
addition, the wall electrode PX extending in the Y direction is
formed almost at the center portion in the X direction of FIG.
21, that in the transverse direction of the pixel PXL. There-
fore, inregions other than the formation region of the thin film
transistor, each pixel electrode PX is symmetric to the drain
line DL, that is, the wall electrode PX, in the X direction of
FIG. 21, that is, in the transverse direction of the pixel PXL.
At this time, in the sixth embodiment as well, since the elec-
trodes are formed only on the first substrate SUBI1 side, the
same effects as in the fifth embodiment can be achieved, and
thus it is possible to improve a yield in manufacturing a liquid
crystal display panel, and to thereby lower manufacturing
costs of a liquid crystal display device.

[0149] In the liquid crystal display device according to the
sixth embodiment as well, since the common wall electrode
CT3 is formed at the boundary portion with the adjacent
pixel, the same effects as in the fifth embodiment can be
achieved, and thus it is possible to lower a driving voltage, to
improve display mode efficiency, to suppress an increase in
black transmittance due to a wire potential, to suppress an
increase in black transmittance of an adjacent pixel, and to
suppress a variation in the transmittance due to a variation in
the adjacent pixel potential.

[0150] Particularly, in the liquid crystal display device
according to the sixth embodiment, since the wall electrode
PX is formed in the region between a pair of common wall
electrodes CT3, a gap between the pixel electrode and the
common electrode, that is, a gap between the wall electrode
PX and the common wall electrode CT3 can be made to be
smaller than a gap between the pixels PXL in the transverse
direction, and thus it is possible to make distribution of elec-
tric flux lines occurring between the wall electrode PX and the
common wall electrode CT3 uniform. In addition, in both the
wall electrode PX and the common wall electrode CT3, the
planar electrodes PX2 and CT5 are formed which respec-
tively extend from the lower end sides of the wall-shaped
electrodes PX1 and CT4 in the in-plane direction of the first
substrate SUBI, that is, in the in-plane direction of each pixel
PXL. Therefore, in both of the wall electrode PX and the
common wall electrode CT3, it is possible to suppress electric
flux lines from the lower side portions of the wall-shaped
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electrodes PX1 and CT4 from turning around the drain line
DL or the adjacent pixel via the liquid crystal layer LC.
[0151] In addition, although, in the liquid crystal display
device according to the sixth embodiment, the wall electrode
PX is provided at the center of the pixel PXL, and the drain
line DL formed from a metal wire is provided in the region
overlapping the wall electrode PX, the liquid crystal mol-
ecules is hardly moved in the liquid crystal layer LC of the
region overlapping the planar electrode PX3 forming the wall
electrode PX, and thus the drain line DL may be formed from
a metal thin film having low transistor. In addition, a forma-
tion position of the drain line DL is limited to the position
overlapping the wall electrode PX, and the drain line DL may
be formed in the region overlapping the common wall elec-
trode CT3 in the same manner as the above-described first to
fifth embodiments.

[0152] As shown in the cross-sectional view illustrating a
pixel configuration in another liquid crystal display device of
the sixth embodiment of the present invention shown in FIG.
22, the cover electrode CE may be provided at the lower layer
of awire (for example, the drain line DL) in the same manner
as the second embodiment.

[0153] Inanother liquid crystal display device according to
the sixth embodiment shown in FIG. 22, the cover electrode
CE is disposed at the lower layer side of the drain line DL
which is a wire via the insulating layer PAS1. At this time, a
configuration of the upper layer of the drain line DL is the
same as that in the liquid crystal display device shown in FIG.
21, a pair of common wall electrodes CT3 formed by the
wall-shaped electrode CT4 and the planar electrodes CT5 and
CT6 are formed at the edge of the pixel PXL so as to cover the
insulating layer PAS3, and the wall electrode PX formed by
the wall-shaped electrode PX1 and the planar electrodes PX2
and PX3 are formed in the region between a pair of common
wall electrodes CT3.

[0154] Therefore, in another liquid crystal display device
according to the sixth embodiment shown in FIG. 22 as well,
in addition to the effects achieved by the liquid crystal display
device according to the sixth embodiment shown in FIG. 21,
it is possible to achieve a notable effect that the cover elec-
trode CE can suppress occurrence of electric flux lines LF
reaching the wall electrode PX from the drain line DL via the
liquid crystal layer L.C.

Seventh Embodiment

[0155] FIG. 23 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to a
seventh embodiment of the present invention, and configura-
tions other than a common electrode formed by the wall
electrode are the same as in the first embodiment. Therefore,
in the following description, a configuration of the wall elec-
trode (common wall electrode) CT3 forming a common elec-
trode will be described in detail.

[0156] As shown in FIG. 23, in the liquid crystal display
device according to the seventh embodiment, the pseudo-wall
electrode according to the above-described first embodiment
is not used, and one of a pair of wall electrodes is used a pixel
electrode, and the other thereof is used as a common elec-
trode. That is to say, of the wall electrodes formed at a pair of
edges of the pixel PXL, one wall electrode PX is used as a
pixel electrode to which an image signal is supplied, and the
other wall electrode (common wall electrode) CT3 is used as
a common electrode to which a common signal is supplied.
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[0157] In the pixel configuration according to the seventh
embodiment having the configuration, of the side wall sur-
faces in the X direction side of the insulating layer PAS3
which is formed in a convex shape so as to extend in the Y
direction at the edge of each pixel PXL, the wall electrode PX
formed by the wall-shaped electrode PX1 and the planar
electrode PX2 is formed at one side wall surface, and an
image signal is supplied to the wall electrode PX via the thin
film transistor (not shown). In addition, the common wall
electrode CT3 formed by the wall-shaped electrode CT4 and
the planar electrode CT5 is formed at the other side wall
surface, and is supplied with a common signal. The insulating
layer PAS3 having this configuration is disposed at the
boundary portion with the adjacent pixel PXL so as to overlap
the drain line DL, and thus a pair of wall electrode PX and
common wall electrode CT3 are disposed so as to be opposite
to each other in the region of each pixel PXL.

[0158] As such, in the wall electrode PX and the common
wall electrode CT3 according to the seventh embodiment, the
wall-shaped electrodes PX1 and the CT4 which stand from
the surface of the first substrate SUB1 toward the second
substrate SUB2 are formed, and the planar electrodes PX2
and CT5 which extend from the edges on the first substrate
SUBT1 side of the wall-shaped electrodes PX1 and CT4 in the
in-plane direction of the first substrate SUB1 are formed. As
a result, the liquid crystal display device according to the
seventh embodiment can achieve the same effects as in the
first embodiment. In other words, it is possible to prevent
(shield) electric flux lines generated from the wall-shaped
electrode PX1 from heading toward the adjacent pixel or the
drain line DL via the liquid crystal layer [.C side by the planar
electrode PX2, and electric flux lines generated from the
planar electrode PX2 can reach the common wall electrode
CT3. In a similar manner, in the common wall electrode CT3
as well, it is possible to prevent (shield) electric flux lines
generated from the adjacent pixel or the drain line DL from
reaching the wall-shaped electrode CT4 via the liquid crystal
layer LC by the planar electrode CT5, and electric flux lines
generated from the wall electrode PX can reach the planar
electrode CTS5. Therefore, in the liquid crystal device accord-
ing to the seventh embodiment as well, non-uniformity of the
electric field intensity in the pixel PXL can be suppressed.

[0159] In addition, in the pixel configuration according to
the seventh embodiment, since it is not necessary to form a
linear electrode for forming a pseudo-wall electrode at the
center portion of each pixel PXL in the first substrate SUB1
and the second substrate SUB2, it is possible to reduce the
number of steps necessary for manufacturing the first sub-
strate SUB1 and the second substrate SUB2, and thus a
notable effect of manufacturing a liquid crystal display device
at low costs can be achieved.

[0160] Particularly, in the liquid crystal display device
according to the seventh embodiment, the wall electrode PX
and the common wall electrode CT3 extending in the longi-
tudinal direction of each pixel PXL are formed, and the wall
electrode PX and the common wall electrode CT3 are dis-
posed so as to be opposite to each other in the transverse
direction. Therefore, if the present invention is applied to a
high definition liquid crystal display panel, it is possible to
shorten (decrease) the gap between the wall electrode PX and
the second wall electrode CT3, to thereby apply a uniform
electric field between the wall electrode PX and the second
wall electrode CT3, and thus display mode efficiency can be
improved.
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[0161] However, in the pixel configuration according to the
seventh embodiment, if the gap between the wall electrode
PX and the common wall electrode CT3 is lengthened (in-
creased), the electric flux lines become dense in terms of the
density around the wall electrode PX and the common wall
electrode CT3, and become sparse at a region distant from the
wall electrode PX and the common wall electrode CT3. For
this reason, there is concern that the electric field intensity
between the wall electrode PX and the common wall elec-
trode CT3 is non-uniform, and thus the display mode effi-
ciency is reduced. Therefore, a distance between the wall
electrode PX and the common wall electrode CT3 is prefer-
ably selected in a range capable of obtaining high display
mode efficiency, which is suitable for a small-sized and high
definition liquid crystal display panel PNL. In addition, since
the wall electrode PX and the common wall electrode CT3
according to the seventh embodiment respectively include the
planar electrodes PX2 and CT5, the same effects as in the first
embodiment can be achieved, and thus it is possible to lower
a driving voltage, to improve display mode efficiency, to
suppress an increase in black transmittance due to a wire
potential, and to suppress an increase in black transmittance
of an adjacent pixel.

[0162] In addition, although, in the pixel configuration
according to the seventh embodiment, of the side wall sur-
faces of the single insulating layer PAS3, the pixel electrode
(wall electrode) PX to which an image signal is supplied is
formed at one side wall surface, and the common electrode
(common wall electrode) CT3 is formed at the other side wall
surface, formation positions of the pixel electrode and the
common electrode are not limited to the disposition accord-
ing to the seventh embodiment. For example, the wall elec-
trode PX may be entirely formed at the side wall surfaces of
odd numbered insulating layers PAS3 in the X direction, and
the common wall electrode CT3 may be entirely formed at the
side wall surfaces of even numbered insulating layers PAS3.
With this configuration, the pixel electrodes or the common
electrodes of the adjacent pixels PXL are disposed to be close
to each other in the same insulating layer PAS3, and thus it is
possible to achieve a notable effect of preventing a potential
difference from occurring between the common wall elec-
trodes CT3 of the adjacent pixels.

[0163] As shown in the cross-sectional view illustrating a
pixel configuration in another liquid crystal display device of
the seventh embodiment of the present invention shown in
FIG. 24, the cover electrode CE may be provided at the lower
layer of a wire (for example, the drain line DL) in the same
manner as the second embodiment.

[0164] Inanother liquid crystal display device according to
the seventh embodiment shown in FIG. 24 as well, the cover
electrode CE is disposed at the lower layer side of the drain
line DL which is a wire via the insulating layer PAS1. At this
time, a configuration of the upper layer of the drain line DL is
the same as that in the liquid crystal display device shown in
FIG. 23, and, in the side wall surfaces of the insulating layer
PAS3, that is, the edges on the long side of the pixel PXL, the
wall electrode PX formed by the wall-shaped electrode PX1
and the planar electrode PX2 is formed at one edge, and the
wall electrode (common wall electrode) CT3 formed by the
wall-shaped electrode CT4 and the planar electrode CT5 are
formed at the other edge.

[0165] Therefore, in another liquid crystal display device
according to the seventh embodiment shown in FIG. 24, in
addition to the effects achieved by the liquid crystal display
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device according to the seventh embodiment shown in FIG.
23, it is possible to achieve a notable effect that the cover
electrode CE can suppress occurrence of electric flux lines LF
reaching the wall electrode PX from the drain line DL via the
liquid crystal layer LC.

Eighth Embodiment

[0166] FIG. 25 is a cross-sectional view illustrating a pixel
configuration in a liquid crystal display device according to
an eighth embodiment of the present invention, and configu-
rations other than the common wall electrode CT3 formed by
a wall electrode are the same as in the third embodiment.
Signals supplied to the wall electrode PX and the common
wall electrode CT3 are the same as in the seventh embodi-
ment. Therefore, in the following description, a configuration
of the common wall electrode CT3 forming a common elec-
trode will be described in detail.

[0167] As shown in FIG. 25, in the liquid crystal display
device according to the eighth embodiment, the pseudo-wall
electrode according to the third embodiment is not used, and
a pair of wall electrodes formed along the edges in the longi-
tudinal direction is not electrically connected to each other. In
the same manner as the seventh embodiment, the wall elec-
trode PX which is one wall electrode is electrically connected
to the source electrode of the thin film transistor, and the
common wall electrode CT3 which is the other wall electrode
is connected to the common line. In other words, of a pair of
wall electrodes formed along the edges in the longitudinal
direction, one wall electrode PX is a pixel electrode, and the
other wall electrode (common wall electrode) CT3 is a com-
mon electrode. In addition, the wall electrode PX and the
common wall electrode CT3 of the adjacent pixel PXL are
disposed so as to be close to each other with the boundary
portion (indicated by the two-dot chain line) of the pixel PXL
interposed therebetween.

[0168] In the pixel configuration according to the eighth
having this configuration, in the same manner as the third
embodiment, the insulating layers PAS3 are formed along a
pair of side portions in the longitudinal direction of the side
portions of the pixel PXL. Each insulating layer PAS3 has a
trapezoidal shape in a cross-sectional shape on the plane in
the transverse direction of the pixel PXL, and the wall-shaped
electrode PX1 is formed at the side wall surface on the adja-
cent pixel side of one insulating layer PAS3. In addition, the
planar electrode PX2 is formed at the lower surface side of the
insulating layer PAS3 at which the wall-shaped electrode
PX1 is formed, and the planar electrode PX3 is formed at the
upper surface side thereof. At this time, the upper and lower
edges of the wall-shaped electrode PX1 are consecutively
connected to the planar electrodes PX2 and PX3 at the end
portions thereof, and the wall-shaped electrode PX1 and the
planar electrodes PX2 and PX3 form the wall electrode PX
having a C shape where a cross-sectional shape of the wall
electrode PX is opened in the center direction (transmissive
region) of each pixel PXL, that is, the common wall electrode
CT3 side.

[0169] In asimilar manner, the wall-shaped electrode CT4
is formed at the side wall surface on the adjacent pixel side of
the other insulating layer PAS3 of a pair of insulating layers
PAS3. In addition, the planar electrode (first planar electrode)
CT5 is formed at the lower surface side of the insulating layer
PAS3, and the planar electrode (second planar electrode) CT6
is formed at the upper surface side. At this time, the upper and
lower edges of the wall-shaped electrode CT4 are consecu-
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tively connected to the planar electrodes CT5 and CT6 at the
end portions thereof, and the wall-shaped electrode CT4 and
the planar electrodes CT5 and CT6 form the common wall
electrode CT3 having a C shape where a cross-sectional shape
of the common wall electrode CT3 is opened in the center
direction (transmissive region) of each pixel PXL, that is, the
wall electrode PX side.

[0170] Therefore, in the pixel configuration according to
the eighth embodiment as well, in the same manner as the
third embodiment, electric flux lines generated from the pla-
nar electrodes PX2 and PX3 can be rapidly bent by electric
flux lines generated by the wall electrode PX. In addition,
electric flux lines reaching the planar electrodes CT5 and CT6
can be also rapidly bent by electric flux lines generated from
the second wall-shaped electrode CT4. Thereby, since the
number of electric flux lines reaching the second wall elec-
trode CT3 from the wall electrode PX is increased, it is
possible to suppress non-uniformity of the electric field inten-
sity and to improve the display mode efficiency in all the
pixels.

[0171] In addition, in the configuration according to the
eighth embodiment, it is possible to prevent (shield) electric
flux lines generated from the wall-shaped electrode PX1 from
heading toward the adjacent pixel or the drain line DL via the
liquid crystal layer L.C side by the planar electrodes PX2 and
PX3, and electric flux lines generated from the planar elec-
trodes PX2 and PX3 can reach the second wall electrode CT3.
In a similar manner, in the second wall electrode CT3 as well,
it is possible to prevent (shield) electric flux lines generated
from the adjacent pixel or the drain line DL from reaching the
wall-shaped electrode CT4 via the liquid crystal layer LC by
the planar electrodes CT5 and CT6, and electric flux lines
generated from the wall electrode PX can reach the planar
electrodes CT5 and CT6. Therefore, in the liquid crystal
device according to the eighth embodiment as well, non-
uniformity of the electric field intensity in the pixel PXL can
be suppressed in the same manner as the third embodiment.
Further, the configuration can contribute to suppressing an
increase in black transmittance due to a potential of the drain
line DL or the like which is a wire. In addition, since the
number of electric flux lines reaching an adjacent pixel per-
forming black display, an increase in black transmittance of
the adjacent pixel can be suppressed. From the above descrip-
tion, in the configuration according to the eighth embodi-
ment, it is possible to lower the driving voltage, to improve
display mode efficiency, to suppress an increase in black
transmittance due to a wire potential, and to suppress an
increase in black transmittance of an adjacent pixel.

[0172] Inthe liquid crystal display device according to the
eighth embodiment as well, in the same manner as the seventh
embodiment, since the wall electrode PX and the common
wall electrode CT3 of each pixel PXL are disposed so as to be
opposite to each other in the transverse direction, if the
present invention is applied to a high definition liquid crystal
display panel, it is possible to shorten (decrease) a gap
between the wall electrode PX and the common wall elec-
trode CT3. As aresult, itis possible to apply a uniform electric
field between the wall electrode PX and the common wall
electrode CT3, and thus display mode efficiency can be
improved.

[0173] Inaddition, since it is not necessary to form a linear
electrode for forming a pseudo-wall electrode at the center
portion of each pixel PXL in the first substrate SUB1 and the
second substrate SUB2, it is possible to reduce the number of
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steps necessary for manufacturing the first substrate SUB1
and the second substrate SUB2, and thus an effect of manu-
facturing a liquid crystal display device at low cost can be
achieved.

[0174] In the pixel configuration according to the eighth
embodiment, such as, for example, the wall electrode PX
being formed at the side wall surfaces of insulating layers
PAS3 in odd numbered pixel boundaries in the X direction,
and the common wall electrode CT3 being formed at the side
wall surfaces of insulating layers PAS3 in even numbered
pixel boundaries, the common electrodes or the pixel elec-
trodes of the adjacent pixels may be collectively disposed at
the insulating layers formed so as to be close to the pixel
boundaries.

[0175] As shown in the cross-sectional view illustrating a
pixel configuration in another liquid crystal display device of
the eighth embodiment of the present invention shown in FIG.
26, the cover electrode CE may be provided at the lower layer
of'a wire (for example, the drain line DL) in the same manner
as the second embodiment.

[0176] Inanother liquid crystal display device according to
the eighth embodiment shown in FIG. 26 as well, the cover
electrode CE is disposed at the lower layer side of the drain
line DL which is a wire via the insulating layer PAS1. At this
time, a configuration of the upper layer of the drain line DL is
the same as that in the liquid crystal display device shown in
FIG. 25, and, in the side wall surfaces of the insulating layer
PAS3, that is, the edges on the long side of the pixel PXL, the
wall electrode PX formed by the wall-shaped electrode PX1
and the planar electrodes PX2 and PX3 is formed at one edge,
and the common wall electrode CT3 formed by the wall-
shaped electrode CT4 and the planar electrodes CT5 and CT6
are formed at the other edge.

[0177] Therefore, in another liquid crystal display device
according to the eighth embodiment shown in FIG. 26, in
addition to the effects achieved by the liquid crystal display
device according to the eighth embodiment shown in FIG. 25,
it is possible to achieve a notable effect that the cover elec-
trode CE can suppress occurrence of electric flux lines LF
reaching the wall electrode PX from the drain line DL via the
liquid crystal layer LC.

[0178] In addition, although, in the liquid crystal display
devices according to first to eighth embodiments, the wall
electrode is formed along the peripheral portion of the pixel,
the present invention is not limited thereto, and, for example,
as shown in FIG. 27, the wall electrode may be formed as a
pair of wall electrodes PX which have an opening portion in
the transverse direction (X direction) of the pixel PXL, that is,
extend in the longitudinal direction (Y direction) and are
disposed so as to be opposite to each other in the transverse
direction (X direction).

[0179] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate provided with a first electrode and a second
electrode; and

a second substrate disposed so as to be opposite to the first
substrate via a liquid crystal layer,
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wherein regions of pixels each having the first electrode
and the second electrode are arranged in a matrix, and
the liquid crystal layer is driven by an electric field in an
in-plane direction of the first substrate, applied between
the first electrode and the second electrode,

wherein a step difference is formed at an opposite side of
the first substrate for each of the pixel regions,

wherein at least one of the first electrode and the second
electrode includes a wall-shaped electrode formed at a
side wall surface of the step difference and a planar
electrode formed from an edge of the wall-shaped elec-
trode along the main surface of the first substrate, and

wherein the wall-shaped electrode and the planar electrode
are electrically connected to each other.

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

wherein the step difference is formed from a convex-
shaped body over the adjacent pixels and is formed from
an insulator,

wherein the wall-shaped electrode is formed at a side wall
surface formed along at least an edge of the pixel of the
side wall surfaces of the convex-shaped body and is
formed from a conductive thin film, and

wherein the planar electrode is formed from a conductive
thin film which extends to a corresponding pixel region
from a bottom portion of the convex-shaped body along
the first substrate surface.

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

wherein the wall-shaped electrode of the adjacent pixel is
formed at the opposite side wall surface of the single
convex-shaped body formed from the insulator.

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

wherein the step difference is formed from convex-shaped
bodies formed along at least a pair of edges opposite to
each other in the pixel region,

wherein the wall-shaped electrode is formed from a con-
ductive thin film which is formed on an adjacent pixel
side of the side wall surfaces of each of the convex-
shaped bodies, and

wherein the planar electrode includes a first planar elec-
trode formed from a conductive thin film which is
formed along a bottom portion of the convex-shaped
body, and a second planar electrode formed from a con-
ductive thin film which is formed along a top portion of
the convex-shaped body.

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

wherein the first electrode includes the wall-shaped elec-
trode and the planar electrode formed at least a pair of
edges which are opposite to each other with the pixel
region interposed therebetween, of edges of the pixel
region, and the second electrode is formed from a linear
conductive thin film which is formed in a region between
apair of first electrodes disposed at the edges opposite to
each other in the pixel region.

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

wherein the linear electrode includes a first linear electrode
formed on the first substrate, and a second linear elec-
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trode which is formed on the second substrate and at
least a part of which is formed so as to overlap the first
linear electrode via the liquid crystal layer, and

wherein the first linear electrode and the second linear
electrode are electrically connected to each other,
thereby forming a pseudo-wall electrode.

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

wherein an electrode width of the second linear electrode is
larger than an electrode width of the first linear elec-
trode.

8. The liquid crystal display device according to claim 5,

wherein the linear electrode includes a first linear electrode
which is formed on the first substrate along the main
surface and extends in a longitudinal direction of the
pixel.

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

wherein the first electrode includes the wall-shaped elec-
trode and the planar electrode formed at least a pair of
edges which are opposite to each other with the pixel
region interposed therebetween, of edges of the pixel
region, and the second electrode is formed from a second
convex-shaped body which is formed in a region
between a pair of first electrodes disposed at the edges
opposite to each other in the pixel region, and a conduc-
tive thin film covering at least side surfaces ofthe second
convex-shaped body.

10. The liquid crystal display device according to claim 9,

further comprising:

a drain line formed at an opposite surface side of the first
substrate and supplied with an image signal;

a gate line formed at the opposite surface side of the first
substrate and supplied with a scanning signal; and

a thin film transistor supplying the image signal to the first
electrode in synchronization with the scanning signal,

wherein at least one of the drain line and the gate line is
formed in a region overlapping the second convex-
shaped body.

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

further comprising:

a drain line formed at an opposite surface side of the first
substrate and supplied with an image signal;

a gate line formed at the opposite surface side of the first
substrate and supplied with a scanning signal;

a thin film transistor supplying the image signal to the first
electrode in synchronization with the scanning signal;
and

a cover electrode disposed in an overlapping manner at a
lower layer of at least one of the drain line and the gate
line.

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

wherein, when an electrode width of the planar electrode
extending from the edge of the wall-shaped electrode to
the pixel region is L1, and a thickness of the liquid
crystal layer is d, the electrode width L1 of the planar
electrode is 0.5=L1=d (um).

* * * #* ok
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