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Provided is a liquid crystal display device that includes a
(73) Assignee: Hitachi Displays, Ltd. liquid crystal layer sandwiched between two substrates, one
of which includes a pixel electrode and a common electrode,
(1) Appl. No.: 13/029.231 where the electrode that is disposed closer to the liquid crystal
’ layer has a stripe pattern that includes a plurality of slip
(22) Filed: Feb. 17. 2011 electrode portions, and each of the plurality of slip electrode
’ e portions includes a curved portion at which each of the plu-
. L .. rality of the slip electrode portions changes a stretching direc-
(30) Foreign Application Priority Data tion, and where the other electrode has a solid flat shape
Mar. 11,2010 (JP) 2010-054613 provided with a plurality of openings at locations that overlap
o ETET A with the curved portions of the plurality of slip electrode
A . . portions, the plurality of openings being provided ina manner
Publication Classification that makes the opening in one curved portion independent and
(51) Imt.CL that allows only a convex outline segment of the slip electrode
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portion to run through an area of the opening.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese patent application JP 2010-054613 filed on Mar. 11,
2010, the content of which is hereby incorporated by refer-
ence 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, in particular, a technology effectively
applied to lateral electric field drive type liquid crystal display
devices.

[0004] 2. Description of the Related Art

[0005] Inliquid crystal display devices that are mounted to
cell phones, digital cameras, and the like, in recent years,
resolution is increasing (the number of pixels is increasing)
progressively and the areal dimensions per pixel tend to
decrease accordingly. Further, the demand for high image
quality is still strong in those liquid crystal display devices.
Therefore, those liquid crystal display devices are required to
balance high image quality and high pixel count. Major fac-
tors that give a liquid crystal display device high image qual-
ity are brightness, contrast ratio, and viewing angle charac-
teristics.

[0006] An in-plane switching (IPS) liquid crystal display
device includes a liquid crystal display panel including, in
each pixel, an electrode that is characterized by being shaped
in a stripe pattern in plan view, and drives a liquid crystal layer
by applying an electric field whose major components are
parallel to the substrate plane (so-called lateral electric field)
to the liquid crystal layer. The liquid crystal layer in the IPS
liquid crystal display panel has a homogeneous alignment,
and an application of a lateral electric field causes an align-
ment change in which liquid crystal molecules rotate within
the plane of the liquid crystal layer. The IPS liquid crystal
display panel therefore has excellent display characteristics
in terms of viewing angle.

[0007] When a lateral electric field is applied to the liquid
crystal layer having a homogeneous alignment, there are two
possible rotation directions, clockwise and counter-clock-
wise, for the liquid crystal molecules. Generally, when the
liquid crystal molecules rotate, a rotation direction that
requires a smaller rotation angle to be parallel to the electric
field direction is chosen. Therefore, in the IPS liquid crystal
display device, the liquid crystal molecules can be prompted
to rotate in one of the two possible directions by setting the
direction of the electrode stripes (electric field direction) and
the initial alignment direction of the liquid crystal layer suit-
ably.

[0008] Insome recent IPS liquid crystal display panels, an
area that exhibits a clockwise alignment change (hereinafter,
referred to as clockwise area) and an area that exhibits a
counter-clockwise alignment change (hereinafter, referred to
as counter-clockwise area) are formed within a single pixel
by, for example, setting two electrode stripe directions within
asingle pixel. A liquid crystal display device that includes this
type of liquid crystal display panel is even more improved in
tone reproduction in the viewing angle direction.

[0009] IPSliquidcrystal display panels include ones called
IPS provectus (IPS-Pro) liquid crystal display panels in which
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a pixel electrode and a common electrode are disposed in
different layers, and one of the pixel electrode and the com-
mon electrode that is disposed closer to a liquid crystal layer
than the other electrode is has a stripe-patterned shape in plan
view, whereas the other electrode that is disposed farther from
the liquid crystal layer than the one electrode is has a solid flat
shape in plan view. IPS-Pro liquid crystal display devices
have higher transmittance and are capable of brighter display
compared to, for example, IPS liquid crystal display devices
which dispose a pixel electrode and a common electrode in
the same layer. Liquid crystal display panels capable of color
display commonly use a pixel that has a substantially rectan-
gular shape in plan view. In those liquid crystal display pan-
els, setting the stripe direction of a stripe-patterned electrode
parallel to the longer sides of the pixel lessens the transmit-
tance-lowering effect of a domain that is generated at an end
ofthe electrode, and accordingly enhances the transmittance.
[0010] In other words, IPS-Pro liquid crystal display
devices can have excellent viewing angle characteristics and
high transmittance both by employing a pixel structure (pla-
nar shape) in which the stripe direction of the stripe-patterned
electrode is set parallel to the direction of the longer sides of
the pixel, and the stripe direction has two variations. A well
known example of this pixel structure is a structure in which
the longer sides of the pixel are bent into a boomerang shape
(see JP 2009-181092 A, for example).

SUMMARY OF THE INVENTION

[0011] Inthe pixel structure in which the stripe direction of
the stripe-patterned electrode is parallel to the longer sides of
the pixel and the stripe direction is bent, a bent portion at
which the stripe direction changes is the border between the
clockwise area and the counter-clockwise area.

[0012] The pixel in an IPS liquid crystal display panel also
sets an angle between the stripe direction of the electrode and
the initial alignment direction of the liquid crystal layer as
small as, for example, approximately 8 degrees in order to
ensure that a change in the alignment of the liquid crystal
layer which occurs when an electric field is applied is suffi-
ciently large. In this case, the angle of the bent portion in the
stripe-patterned electrode is an obtuse angle of 164 degrees
by calculation. Further, the electrode is usually formed by
etching a transparent conductive film and consequently has
rounded corners. Those factors give a gently curved edge to
the portion of an actually formed electrode where the stripe
direction changes. In the following description, the portion
where the stripe direction changes in a stripe-patterned elec-
trode is referred to as a bent portion (or being bent) when the
change is steep as observed in layout data or the like, and
referred to as a curved portion (or being curved) when the
change is gradual as observed in an actually formed electrode.
[0013] At the curved portion in the stripe-patterned elec-
trode, a change in electric field direction (orientation) is as
small as 16 degrees and the change is continuous, which
makes the border between the clockwise area and the counter-
clockwise area very unstable.

[0014] A liquid crystal display device is used in combina-
tion with, for example, atouch panel in some cases. The touch
panel is disposed on top of a liquid crystal display panel, and
therefore operating the touch panel applies depression pres-
sure to the liquid crystal display panel. In a liquid crystal
display device that is not used in combination with a touch
panel, too, depression pressure is applied to a liquid crystal
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display panel of the liquid crystal display device sometimes,
for example, when the liquid crystal display panel is touched
with a finger or the like.

[0015] When an external force such as depression pressure
is applied to a liquid crystal display panel as in those cases, in
pixels at and around the point of pressure application, the
border between the clockwise area and the counter-clockwise
area shifts position, and it takes long time period for the
shifted border to return to the original position. A change in
the areal ratio of the clockwise area and the counter-clock-
wise area, which have different viewing angle characteristics,
within a single pixel changes the transmittance in the viewing
angle direction. In short, a conventional liquid crystal display
panel that has a curved, stripe-patterned electrode has a prob-
lem in that a positional shift of the border between the clock-
wise area and the counter-clockwise area causes a change in
transmittance within a single pixel which is observed as a
residual image.

[0016] The border between the clockwise area and the
counter-clockwise area, where two different alignment
changes of the liquid crystal layer are balanced and liquid
crystal molecules therefore do not rotate, is displayed black
on the screen. This gives rise to another problem in that, when
the border makes a large positional shift and increases in
length as a result, a change in transmittance is observed from
the frontal direction as well.

[0017] As a way to steady the position of the border
between the clockwise area and the counter-clockwise area,
the first thing that comes to mind is a modification of the stripe
structure, for example, a reduction of the angle of the curved
portion through alocal change in stripe direction in the curved
portion. However, this reduces the amount of change in the
alignment of the liquid crystal layer, which occurs when an
electric field is applied, at and near the curved portion and
thus lowers the transmittance.

[0018] Another possible method of steadying the position
of the border between the clockwise area and the counter-
clockwise area is, for example, to add an electrode that
crosses (links) a plurality of curved portions lined along the
border, thereby breaking up the electric field distribution at
the curved portions. However, this equals to disposing ends of
the stripe structure at the curved portions, and areas where an
application of an electric field fails to rotate liquid crystal
molecules (hereinafter, referred to as black screen display
domains) are generated in the curved portions, thus lowering
the transmittance.

[0019] In IPS-Pro liquid crystal display panels, the elec-
trode having a solid flat shape is disposed in a layer separate
from the layer that contains the stripe-patterned electrode.
Providing a slit structure in the solid flat shape electrode has
been practiced in recent liquid crystal display panels as an
attempt to steady the border between the clockwise area and
the counter-clockwise area. An example of this is disclosed in
JP 2009-181092 A, where a slit structure is formed to cross a
plurality of curved portions lined along the border. An
adverse effect of providing a slit structure in the solid flat
shape electrode is, for example, the generation of black screen
display domains at the curved portions due to the slit struc-
ture, which lowers the transmittance.

[0020] In short, all of the pixel structures that have been
considered up to now for an IPS liquid crystal display panel
that includes a curved, stripe-patterned electrode have a prob-
lem in that reducing residual images which are generated
when depression pressure is applied lowers the transmittance.
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[0021] An object of the present invention is to provide a
technology with which the reduction of residual images,
which are generated when depression pressure is applied, and
high transmittance can be both accomplished in, for example,
a liquid crystal display device including an IPS liquid crystal
display panel that has a curved, stripe-patterned electrode.
[0022] The aforementioned and other objects of the present
invention as well as novel features of the present invention are
clarified by a description given herein and by accompanying
drawings.

[0023] A representative aspect of the present invention dis-
closed herein is outlined as follows.

[0024] According to the present invention, a liquid crystal
display device includes a liquid crystal display panel that
includes a liquid crystal layer sandwiched between a pair of
substrates, the liquid crystal display panel having a display
area which includes a plurality of pixels, the plurality of
pixels each including a pixel electrode, a common electrode,
and the liquid crystal layer, the liquid crystal layer having a
homogeneous alignment as an alignment when an electric
field generated by applying a voltage between the pixel elec-
trode and the common electrode is not applied, the pixel
electrode and the common electrode being stacked on top of
each other on one of the pair of substrates with an insulating
layer interposed between the pixel electrode and the common
electrode, the pixel electrode and the common electrode dif-
fering from each other in distance from the liquid crystal
layer, in which, of the pixel electrode and the common elec-
trode, the electrode that is disposed closer to the liquid crystal
layer than the other electrode has a stripe pattern that includes
a plurality of slip electrode portions, and each of the plurality
of'slip electrode portions includes a curved portion at which
each of the plurality of slip electrode portions changes a
stretching direction, and in which, of the pixel electrode and
the common electrode, the electrode that is disposed farther
from the liquid crystal layer than the other electrode has a
solid flat shape provided with a plurality of openings at loca-
tions that overlap with the curved portions of the plurality of
slip electrode portions, the plurality of openings being pro-
vided in a manner that makes the opening in one curved
portion independent of the opening in another curved portion
and that allows only a convex outline segment of two outline
segments of the slip electrode portion in each curved portion
to run through an opening area.

[0025] According to the liquid crystal display device of the
present invention, the reduction of residual images, which are
generated when depression pressure is applied, and high
transmittance can be both accomplished.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In the accompanying drawings:

[0027] FIG. 1 is a schematic plan view illustrating an
example of a planar structure of a pixel in a liquid crystal
display panel according to Example 1 of the present inven-
tion;

[0028] FIG. 2 is a schematic sectional view illustrating an
example of a sectional structure taken along the line A-A of
FIG. 1;

[0029] FIG. 3 is a schematic sectional view illustrating an
example of a sectional structure taken along the line B-B of
FIG. 1;

[0030] FIG. 4isan enlarged schematic plan view of an area
AR1 of FIG. 1;
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[0031] FIG. 5 is a schematic sectional view illustrating an
example of a sectional structure taken along the line C-C of
FIG. 4

[0032] FIG. 6 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of a pixel electrode in a conven-
tional liquid crystal display panel;

[0033] FIG. 7 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of a pixel electrode in the liquid
crystal display panel of Example 1;

[0034] FIG. 8 is a schematic plan view illustrating an
example of a planar structure of a pixel in a liquid crystal
display panel according to Example 2 of the present inven-
tion;

[0035] FIG. 9 is a schematic sectional view illustrating an
example of a sectional structure taken along the line D-D of
FIG. 8;

[0036] FIG. 10 is a schematic sectional view illustrating an
example of a sectional structure taken along the line E-E of
FIG. 8;

[0037] FIG. 11 is an enlarged schematic plan view of an
area AR2 of FIG. 8;

[0038] FIG. 12 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of a common electrode in the
liquid crystal display panel of Example 2;

[0039] FIG. 13 is a schematic plan view illustrating an
example of a planar structure of a dot opening (dot hole) in a
liquid crystal display panel according to Example 3 of the
present invention;

[0040] FIG. 14 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of a common electrode in the
liquid crystal display panel of Example 3;

[0041] FIG. 15 is a schematic plan view illustrating an
example of a planar structure of a pixel in a liquid crystal
display panel according to Comparative Example which is
related to the present invention; and

[0042] FIG. 16 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of a common electrode in the
liquid crystal display panel of Comparative Example.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The present invention is described below in detail
through embodiments (examples) with reference to the draw-
ings.

[0044] Throughout the drawings illustrating Examples,
components that have the same functions are denoted by the
same reference symbols to avoid repetitive descriptions.

EXAMPLE 1

[0045] FIGS. 1 to 5 are schematic diagrams illustrating a
schematic structure of a liquid crystal display panel according
to Example 1 of the present invention.

[0046] FIG. 1 is a schematic plan view illustrating an
example of a planar structure of a pixel in the liquid crystal
display panel according to Example 1 of the present inven-
tion. FIG. 2 is a schematic sectional view illustrating an
example of a sectional structure taken along the line A-A of
FIG. 1. FIG. 3 is a schematic sectional view illustrating an
example of a sectional structure taken along the line B-B of
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FIG. 1. FIG. 4 is an enlarged schematic plan view of an area
AR1 of FIG. 1. FIG. 5 is a schematic sectional view illustrat-
ing an example of a sectional structure taken along the line
C-C of FIG. 4.

[0047] FIG. 5 illustrates only a part of the sectional struc-
ture of the liquid crystal display panel that contains a pixel
electrode and a common electrode, which are the main focus
of'the present invention, and their surroundings.

[0048] The liquid crystal display panel of Example 1
includes, for example, a first substrate 1, a second substrate 2,
a liquid crystal layer 3, a first polarizing plate 4, and a second
polarizing plate 5 as illustrated in FIGS. 1 to 3. A pixel
electrode 6 and a common electrode 7 which are for applying
an electric field to the liquid crystal layer 3 are both provided
in the first substrate 1.

[0049] The first substrate 1 is a substrate called a thin-film
transistor (TFT) substrate or the like, and is formed of a first
insulating substrate 8 and a first thin-film laminate formed on
the first insulating substrate 8. The first thin-film laminate
includes, in addition to the pixel electrode 6 and the common
electrode 7, a TFT semiconductor layer 9, a first insulating
layer 10, a scanning signal line 11, a second insulating layer
12, a video signal line 13, a source-drain electrode 14 of the
TFT, a third insulating layer 15, a fourth insulating layer 16,
a first alignment film 17, and others. The video signal line 13
and the source-drain electrode 14 in this Example are respec-
tively connected to the semiconductor layer 9 via through
holes. The pixel electrode 6 in this Example is connected to
the source-drain electrode 14 via a through hole.

[0050] The pixel electrode 6 and the common electrode 7
are disposed to overlap with each other with the fourth insu-
lating layer 16 interposed therebetween. The distance
between the pixel electrode 6 and the liquid crystal layer 3
differs from the distance between the common electrode 7
and the liquid crystal layer 3. In Example 1, the pixel elec-
trode 6 is disposed closer to the liquid crystal layer 3 than the
common electrode 7 is. The pixel electrode 6 in this Example
which s closer to the liquid crystal layer 3 is shaped in a stripe
pattern (also referred to as interdigital pattern) in plan view,
and a plurality of (five in FIG. 1) slip electrode portions are
disposed side by side at given intervals across the central
portion of the pixel. Each of the slip electrode portions
stretches substantially in the longitudinal direction of the
pixel (y-axis direction), and the stripe direction (stretching
direction) thereof changes around the mid-point in the longi-
tudinal direction as illustrated in FIG. 1. In the liquid crystal
display panel of Example 1, the stretching direction of the
video signal lines 13 is also curved to be parallel to the slip
electrode portions of the pixel electrode 6 as illustrated in
FIG. 1. The planar shape of a single pixel is therefore like a
boomerang in which the longer sides of the pixel are curved.
[0051] The common electrode 7, which is disposed farther
from the liquid crystal layer 3 than the pixel electrode 6 is, has
in plan view a solid flat shape that stretches over a plurality of
pixels. The common electrode 7 also has a contact opening,
which is provided to overlaps with a connect portion of the
pixel electrode 6 where the pixel electrode 6 is connected to
the source-drain electrode 14 via the through hole, dot open-
ings (dot holes) DH, which are provided at locations where
the common electrode 7 overlaps with the curved portions of
the pixel electrode 6, and others. The dot holes DH provided
in the common electrode 7 are described later.

[0052] The second substrate 2 is a substrate that is called a
counter substrate, a color filter (CF) substrate, or the like, and
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is formed of a second insulating substrate 18 and a second
thin-film laminate formed on the second insulating substrate
18. The second thin-film laminate includes a black matrix 19,
a color filter 20, a leveling film 21, and a second alignment
film 22.

[0053] Thepixel structure in the liquid crystal display panel
of Example 1 is a structure well known in conventional IPS-
Pro liquid crystal display panels, except the dot holes DH
provided in the common electrode 7. Example 1 therefore
omits detailed descriptions on the pixel structure and a
method of manufacturing the liquid crystal display panel.
[0054] Inthe liquid crystal display panel of Example 1, the
slip electrode portions in the stripe-patterned pixel electrode
6 are curved as described above. The curved portions of the
respective slip electrode portions are disposed side by side in
the direction of the shorter sides of the pixel (x-axis direc-
tion). The direction of an electric field E applied to the liquid
crystal layer 3 differs above and below a border BL, which
links those curved portions to one another. When the stripe
direction of the slip electrode portions in a first area above the
border BL. and the stripe direction of the slip electrode por-
tions in a second area below the border BL have a relation that
gives the former and the latter an equal angle of tilt from the
y-axis direction and opposing directions of tilt, the direction
of the electric field E that is applied to the first area and the
direction of the electric field E that is applied to the second
area are equal with each other in the angle of tilt from the
x-axis direction and opposite to each other in the direction of
tilt. Accordingly, setting the longitudinal direction of the
pixel (y-axis direction) in an initial alignment direction AD of
the liquid crystal layer 3, i.e., the molecular axis direction
(long axis direction) of liquid crystal molecules when no
electric field E is applied, causes liquid crystal molecules in
the first area to rotate counter-clockwise and liquid crystal
molecules in the second area to rotate clockwise when their
respective electric fields E are applied.

[0055] According to the uniaxial model, a change in the
alignment of the liquid crystal layer 3 which occurs when an
electric field is applied is approximated as the rotation of the
alignment direction within the plane of the liquid crystal layer
3 that maintains the homogeneous alignment. In an orienta-
tion that contains the alignment direction, the retardation of
the liquid crystal layer 3 decreases as the polar angle
increases, and the screen display therefore tends to assume a
bluish tint. In a direction perpendicular to this orientation, the
retardation of the liquid crystal layer 3 increases as the polar
angle increases, and the screen display therefore tends to
assume a yellowish tint. In the case where two areas that have
opposing liquid crystal molecule rotation directions are pro-
vided within a single pixel as illustrated in FIG. 1, the tinting
tendencies described above are cancelled when viewed from
a certain direction, and the resultant effect is that the viewing
angle characteristics are improved.

[0056] Inthe liquid crystal display panel of Example 1, the
dot holes DH are provided in the common electrode 7 having
a solid flat shape at locations that overlap with the curved
portions of the pixel electrode 6 (slip electrode portions) as
described above. The dot holes DH are provided, for example,
in the manner illustrated in FIGS. 4 and 5, where the dot hole
DH in one curved portion is independent of the dot hole DH
in another curved portion, and, of the two outline segments
(two edges) of the slip electrode portion in each curved por-
tion, only the convex outline segment runs through the dot
hole area in plan view. The convex outline segment in
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Example 1 is an outline segment on the side of an inner angle
61, which is the smaller of inner angles 61 and 62 of each
curved portion of the pixel electrode 6 (slip electrode por-
tions). The portions where the stretching direction of the pixel
electrode 6 (slip electrode portions) changes exhibit a steep
change in layout data created by computer-aided design
(CAD) or the like, as indicated by the dotted lines of FIG. 4,
and exhibit a gradual, curved change in the actually formed
pixel electrode 6, as indicated by the solid lines of FIG. 4. The
portions where the stretching direction of the pixel electrode
6 (slip electrode portions) changes are curved presumably
because of, for example, stray light in exposure which is
executed in the process of forming the pixel electrode 6, and
the permeation of an etchant during etching. In other words,
the portions where the stretching direction of the pixel elec-
trode 6 (slip electrode portions) changes are curved inevitably
in the process of forming the pixel electrode 6.

[0057] FIGS. 6 and 7 are schematic diagrams illustrating
effects of the liquid crystal display panel of Example 1.
[0058] FIG. 6 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of a pixel electrode in a conven-
tional liquid crystal display panel. FIG. 7 is a schematic plan
view illustrating an example of a change in liquid crystal
molecule alignment around each curved portion of the pixel
electrode in the liquid crystal display panel of Example 1.
[0059] InFIGS. 6 and 7, the direction of the double-pointed
arrows in thick solid line points the initial alignment direction
AD of liquid crystal molecules, and the direction of the
double-pointed arrows in dotted line points the direction of
the electric field E to be applied. FIGS. 6 and 7 also use the
single-pointed arrows in thin solid line (excluding the leader
lines that connect components and reference symbols) to
point a direction in which liquid crystal molecules rotate
when the electric field E is applied.

[0060] To describe the effects of the liquid crystal display
panel of Example 1, how the alignment of liquid crystal
molecules changes around a curved portion when no dot hole
DH is provided in the common electrode 7 is described first
with reference to FIG. 6.

[0061] When no dot hole H is provided in the common
electrode 7, applying a voltage between the pixel electrode 6
and the common electrode 7 causes an application of an
electric field that is directed, for example, as illustrated in
FIG. 6 around each curved portion of the pixel electrode 6
(slip electrode portions).

[0062] First, at points PO1, PO2, PO3, PO4, and POS5 along
the convex one of the two outline segments of the slip elec-
trode portion in the curved portion, the electric field E that is
directed perpendicular to this convex outline segment is
applied. In the case where the convex outline segment is
curved gently, a section in which the direction of the electric
field E is substantially orthogonal to the initial alignment
direction AD is generated at, for example, the point PO3. The
rotation direction of liquid crystal molecules therefore settles
in neither the clockwise direction nor the counter-clockwise
direction at and around the point PO3.

[0063] Similarly, at points PI1, P12, PI3, P14, and PI5 along
the concave one of the two outline segments of the slip elec-
trode portion in the curved portion, the electric field E that is
directed substantially perpendicular to this concave outline
segment is applied. When the concave outline segment is
curved gently, a section in which the direction of the electric
field E is substantially orthogonal to the initial alignment
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direction AD is accordingly generated at, for example, the
point PI3. The rotation direction of liquid crystal molecules
therefore settles in neither the clockwise direction nor the
counter-clockwise direction at and around the point PI3, too.
[0064] In addition, when no dot hole DH is provided, the
direction of the electric field E along the outline segments of
the slip electrode portion in the curved portion changes in a
continuous manner. With this pixel structure, a positional
shift of the border BL between the first area (counter-clock-
wise area) and the second area (clockwise area) therefore
happens too easily.

[0065] In contrast, when the dot holes DH are provided in
the common electrode 7 as in Example 1, the direction of the
electric field applied around each curved portion of the pixel
electrode 6 (slip electrode portions) when a voltage is applied
between the pixel electrode 6 and the common electrode 7 is,
for example, as illustrated in FIG. 7.

[0066] In Example 1, the direction of the electric field E at
the points PI1, P12, P13, P14, and PI5 along the concave one of
the two outline segments of the slip electrode portion in the
curved portion is substantially perpendicular to this concave
outline segment as in the conventional IPS-Pro liquid crystal
display panel. It is therefore presumed that, in the liquid
crystal display panel of Example 1, too, the rotation direction
of liquid crystal molecules settles in neither the clockwise
direction nor the counter-clockwise direction at and around
the point PI13.

[0067] However, at the points PO1, PO2, PO3, PO4, and
POS5 along the convex one of the two outline segments of the
slip electrode portion in the curved portion, namely, the out-
line segment that runs above the dot hole DH of the common
electrode 7, no electric field E is applied at and near the point
PO3 at which the pixel electrode 6 (slip electrode portions)
changes the stretching direction, owing to the presence of the
dot hole DH. At the points PO2 and PO4, which are located
near the outline of the dot hole DH (hole edges), the direction
of the electric field E is not perpendicular to the convex
outline segment. The direction of the electric field E at the
point PO2 located above the point PO3 and the direction of
the electric field E at the point PO4 located below the point
PO3 are opposite to each other in terms of the rotation direc-
tion on the acute angle side from the x-axis. At the points PO2
and PO4 each, an angle between the direction of the electric
field E and the x-axis direction is larger than the angle
between the direction of the electric field E and the x-axis
direction at the points PO1 and POS5, respectively. Liquid
crystal molecules therefore rotate counter-clockwise at the
point PO2, and rotate clockwise at the point PO4.

[0068] The liquid crystal layer 3 locally behaves as an elas-
tic body. Therefore, when liquid crystal molecules rotate
counter-clockwise at the point PO2, the rotation prompts
liquid crystal molecules at the point P12, which is located
along the concave outline segment in the x-axis direction with
respect to the point PO2, to rotate counter-clockwise. Simi-
larly, when liquid crystal molecules rotate clockwise at the
point PO4, the rotation prompts liquid crystal molecules at
the point PI4, which is located along the concave outline
segment in the x-axis direction with respect to the point PO4,
to rotate clockwise. In short, the dot hole DH has an effect in
that the position of the border BL between the first area
(counter-clockwise area) and the second area (clockwise
area) is steadied, thereby localizing the border BL. in a section
BS which is sandwiched between two edges of the dot hole
DH in the y-axis direction.
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[0069] A liquid crystal display device including the liquid
crystal display panel of Example 1 was fabricated, and
depression pressure was applied to the liquid crystal display
panel to find out that no residual image was generated. The
liquid crystal display device was also tested by disposing a
touch panel on the liquid crystal display panel and operating
the touch panel with a finger and a stylus (pen-shaped oper-
ating tool). The track of the finger or the stylus did not leave
a residual image.

[0070] It had been presumed that, in the liquid crystal dis-
play device including the liquid crystal display panel of
Example 1, black display screen domains are generated above
the dot holes DH when the liquid crystal display device is in
a white screen display mode. However, the transmittance of
the liquid crystal display device measured was higher than in
Comparative Example 1 described later in which a slit cross-
ing a plurality of curved portions is provided.

[0071] As described above, the liquid crystal display device
including the liquid crystal display panel of Example 1 can
accomplish both the reduction of residual images, which are
generated when depression pressure is applied, and high
transmittance.

[0072] Needless to say, the liquid crystal display device
including liquid crystal display panel of Example 1 also has
excellent viewing angle characteristics.

EXAMPLE 2

[0073] FIGS. 8 to 11 are schematic diagrams illustrating a
schematic structure of a liquid crystal display panel according
to Example 2 of the present invention.

[0074] FIG. 8 is a schematic plan view illustrating an
example of a planar structure of a pixel in the liquid crystal
display panel according to Example 2 of the present inven-
tion. FIG. 9 is a schematic sectional view illustrating an
example of a sectional structure taken along the line D-D of
FIG. 8. FIG. 10 is a schematic sectional view illustrating an
example of the sectional structure taken along the line E-E of
FIG. 8. FIG. 11 is an enlarged schematic plan view of an area
AR2 of FIG. 8.

[0075] The liquid crystal display panel of Example 2
includes, for example, a first substrate 1, a second substrate 2,
a liquid crystal layer 3, a first polarizing plate 4, and a second
polarizing plate 5 as illustrated in FIGS. 8 to 10. A pixel
electrode 6 and a common electrode 7 which are for applying
an electric field to the liquid crystal layer 3 are both provided
in the first substrate 1. In the liquid crystal display panel of
Example 2, however, the common electrode 7 is disposed
closer to the liquid crystal layer 3 than the pixel electrode 6 is.
[0076] In the case of the liquid crystal display panel of
Example 2, the common electrode 7 disposed close to the
liquid crystal layer 3 is shaped in a stripe pattern (also referred
to as interdigital pattern) in plan view, and slip electrode
portions provided by forming a plurality of (four in FIG. 8)
slits SL are disposed side by side at given intervals across the
central portion of the pixel. As illustrated in FIG. 8, each of
the slip electrode portions stretches substantially in the lon-
gitudinal direction of the pixel (y-axis direction), and the
stripe direction thereof (stretching direction) changes around
the mid-point in the longitudinal direction of the pixel (y-axis
direction). Further, in the liquid crystal display panel of
Example 2, the stretching direction of video signal lines 13 is
also curved to be parallel to the slits SL (slip electrode por-
tions) of the common electrode 7 as illustrated in FIG. 8. The
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planar shape of a single pixel is therefore like a boomerang in
which the longer sides of the pixel are curved.

[0077] The pixel electrode 6, which is disposed farther
from the liquid crystal layer 3 than the common electrode 7 is,
has a solid flat shape in plan view, and has dot openings (dot
holes) DH provided at locations where the pixel electrode 6
overlaps with the curved portions of the common electrode 7
(slip electrode portions).

[0078] The dot holes DH provided in the pixel electrode 6
are similar to the dot holes DH that are provided in the
common electrode 7 in Example 1. The dot holes DH are
provided, for example, in the manner illustrated in FIG. 11,
which makes the dot hole DH in one curved portion indepen-
dent of the dot hole DH in another curved portion, and which
allows only the convex one of the two outline segments (two
edges) of the slip electrode portion in each curved portion to
run through the dot hole area in plan view. The convex outline
segment in Example 2 is an outline segment on the side of an
inner angle 61, which is the smaller of inner angles 61 and 62
of each curved portion of the common electrode 7 (slip elec-
trode portions). The portions where the stretching direction of
the common electrode 7 (slip electrode portions) changes
exhibit a steep change in layout data created by CAD or the
like, as indicated by the dotted lines of FIG. 11, and exhibit a
gradual, curved change in the actually formed common elec-
trode 7, as indicated by the solid lines of FIG. 11. The portions
where the stretching direction of the common electrode 7
(slip electrode portions) changes are curved inevitably in the
process of forming the common electrode 7.

[0079] FIG. 12 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of the common electrode 7 in the
liquid crystal display panel of Example 2.

[0080] In FIG. 12, the direction of the double-pointed
arrows in thick solid line points an initial alignment direction
AD of liquid crystal molecules, and the direction of the
double-pointed arrows in dotted line points the direction of an
electric field E to be applied. FIG. 12 also uses the single-
pointed arrows in thin solid line (excluding the leader lines
that connect components and reference symbols) to point a
direction in which liquid crystal molecules rotate when the
electric field E is applied.

[0081] Although the positional relation between the pixel
electrode 6 and the common electrode 7 in the liquid crystal
display panel of Example 2 is reverse to their positional
relation in Example 1, the distribution of the electric field E
generated when a voltage is applied between the pixel elec-
trode 6 and the common electrode 7 is the same as in Example
1. Accordingly, in the case where the pixel electrode 6 is
provided with no dot hole DH, the direction of the electric
field E applied around each curved portion of the common
electrode 7 (slip electrode portions) is, for example, as illus-
trated in FIG. 6. Remind that the pixel electrode 6 and the
common electrode 7 of FIG. 6 are switched with each other as
a comparative example of the liquid crystal display panel of
Example 2.

[0082] This means that, in the case where the common
electrode 7 is disposed closer to the liquid crystal layer 3 than
the pixel electrode 6 is, t0o, a positional shift of the border BL
between the first area (counter-clockwise area) and the sec-
ond area (clockwise area) happens too easily unless the com-
mon electrode 7 (slip electrode portions) has curved portions
and the dot holes DH are provided in the pixel electrode 6.
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[0083] In contrast, in the liquid crystal display panel of
Example 2, where points PO1, PO2, PO3, PO4, and POS5 are
located along the convex one of the two outline segments of
the slip electrode portion in each curved portion, namely, the
outline segment that runs above the dot hole DH of the pixel
electrode 6, as illustrated in FIG. 12, the presence of the dot
hole DH ensures that no electric field E is applied at and
around the point PO3 at which the common electrode 7 (slip
electrode portions) changes the stretching direction. At the
points PO2 and PO4, which are located near the outline of the
dot hole DH (hole edges), the direction of the electric field E
is not perpendicular to the convex outline segment. The direc-
tion of the electric field E at the point PO2 located above the
point PO3 and the direction of the electric field E at the point
PO4 located below the point PO3 are opposite to each other in
terms of the rotation direction on the acute angle side from the
x-axis. At the points PO2 and PO4 each, an angle between the
direction of the electric field E and the x-axis direction is
larger than the angle between the direction of the electric field
E and the x-axis direction at the points PO1 and POS5, respec-
tively. Liquid crystal molecules therefore rotate counter-
clockwise at the point PO2, and rotate clockwise at the point
PO4. The rotation at the point PO2 prompts liquid crystal
molecules at the point P12, which is located along the concave
outline segment in the x-axis direction with respect to the
point PO2, to rotate counter-clockwise, and the rotation at the
point PO4 prompts liquid crystal molecules at the point P14,
which is located along the concave outline segment in the
x-axis direction with respect to the point PO4, to rotate clock-
wise. In short, in the liquid crystal display panel of Example
2,100, the dot hole DH has an effect in that the position of the
border BL between the first area (counter-clockwise area) and
the second area (clockwise area) is steadied, thereby localiz-
ing the border BL in a section BS which is sandwiched
between two edges of the dot hole DH in the y-axis direction.
[0084] It is therefore deduced that, in a liquid crystal dis-
play device including the liquid crystal display panel of
Example 2, too, no residual image is generated when depres-
sion pressure is applied. It is also deduced that, when a touch
panel is disposed on the liquid crystal display panel and
operated with a finger and a stylus (pen-shaped operating
tool), the track of the finger or the stylus does not leave a
residual image.

[0085] Itmay be presumed that, in the liquid crystal display
device including the liquid crystal display panel of Example
2, t00, the transmittance of the liquid crystal display device
measured in the white screen display mode is higher than in
Comparative Example 1 described later in which the slit
crossing the plurality of curved portions is provided.

[0086] As described above, the liquid crystal display device
including the liquid crystal display panel of Example 2 can
accomplish both the reduction of residual images, which are
generated when depression pressure is applied, and high
transmittance.

[0087] Needless to say, the liquid crystal display device
including liquid crystal display panel of Example 2 also has
excellent viewing angle characteristics.

EXAMPLE 3

[0088] FIG. 13 is a schematic plan view illustrating an
example of a planar structure of a dot opening (dot hole) in a
liquid crystal display panel according to Example 3 of the
present invention.
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[0089] Example 3 describes a more desirable shape of the
dot holes DH that are provided in the pixel electrode 6, based
on the pixel structure of Example 2.

[0090] Inthe liquid crystal display panel of Example 3, the
dot holes DH provided in the pixel electrode 6 each have, for
example, a substantially isosceles triangle shape in plan view,
and the base thereof runs below the curved portion of the
common electrode 7 (slip electrode portions) as illustrated in
FIG. 13. In this Example, too, the dot hole DH is provided in
a manner that allows only the convex one of the two outline
segments of the slip electrode portion in the curved portion of
the common electrode 7 to run through the dot hole area in
plan view.

[0091] FIG. 14 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of the common electrode 7 in the
liquid crystal display panel of Example 3.

[0092] In FIG. 14, the direction of the double-pointed
arrows in thick solid line points an initial alignment direction
AD of liquid crystal molecules, and the direction of the
double-pointed arrows in dotted line points the direction of an
electric field E to be applied. FIG. 14 also uses the single-
pointed arrows in thin solid line (excluding the leader lines
that connect components and reference symbols) to point a
direction in which liquid crystal molecules rotate when the
electric field E is applied.

[0093] In the case where the dot holes DH provided in the
pixel electrode 6 each have a substantially isosceles triangle
shape in plan view, too, as illustrated in FIG. 14, where points
PO1, PO2, PO3, PO4, and POS5 are located along the convex
one of the two outline segments of the slip electrode portion
in each curved portion, namely, the outline segment that runs
above the dothole DH of the pixel electrode 6, the presence of
the dot hole DH ensures that no electric field E is applied at
and around the point PO3 at which the common electrode 7
(slip electrode portions) changes the stretching direction.
[0094] At the points PO2 and PO4, which are located near
the outline of the dot hole DH (hole edges), because the dot
hole DH is given a substantially isosceles triangle shape in
planview, the electric field intensity is higher than in Example
1 and Example 2, where each dot hole DH is substantially
rectangular. Further, in the liquid crystal display panel of
Example 3, an acute angle between the direction of the elec-
tric field E and the initial alignment direction AD of the liquid
crystal layer 3 at the points PO2 and PO4 is larger than in the
liquid crystal display panel of Example 2. It is therefore
inferred that the rotation angle of liquid crystal molecules at
the points PO2 and PO4 in the liquid crystal display panel of
Example 3 is larger than in the liquid crystal display panel of
Example 2. The liquid crystal display panel of Example 3 is
accordingly concluded to be increased in the force of rotating
liquid crystal molecules counter-clockwise at the point P12,
which is located in the x-axis direction with respect to the
point PO2. The same applies to the points PO4 and P14, which
are located below the points PO3 and PI3, respectively, as
illustrated in FIG. 14. In short, the liquid crystal display panel
of Example 3 is very effective in steadying the position of the
border BL. between the first area (counter-clockwise area) and
the second area (clockwise area).

[0095] A liquid crystal display device including the liquid
crystal display panel of Example 3 was fabricated, and
depression pressure was applied to the liquid crystal display
panel to find out that no residual image was generated. The
liquid crystal display device including the liquid crystal dis-
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play panel of Example 3 was also found to be more stable
against depression pressure, compared to the liquid crystal
display device that includes the liquid crystal display panel of
Example 1 or Example 2.

[0096] As described above, the liquid crystal display device
including the liquid crystal display panel of Example 3 can
accomplish both the reduction of residual images, which are
generated when depression pressure is applied, and high
transmittance.

[0097] Needless to say, the liquid crystal display device
including liquid crystal display panel of Example 3 also has
excellent viewing angle characteristics.

Comparative Example

[0098] FIG. 15 is a schematic plan view illustrating an
example of a planar structure of a pixel in a liquid crystal
display panel according to Comparative Example which is
related to the present invention.

[0099] Lastly, Comparative Example is given to briefly
describe the effect of providing the dot holes DH in curved
portions of the pixel electrode 6 or the common electrode 7 in
a manner that makes the dot hole DH in one curved portion
independent of the dot hole DH in another curved portion, and
that allows only the convex one ofthe two outline segments of
the slip electrode portion in each curved portion to run above
the dot hole DH in plan view as in Examples 1 to 3.

[0100] Intheliquid crystal display panels of Example 2 and
Example 3, a pixel is structured to dispose the pixel electrode
6 farther from the liquid crystal layer 3 than the common
electrode 7 is and to curve slits (slip electrode portions) of the
common electrode 7. One of the known methods of steadying
the position of the border BL between the first area (counter-
clockwise area) and the second area (clockwise area) in this
pixel structure is illustrated in FIG. 15, where a slit opening
(slit hole) SH which crosses a plurality of curved portions of
the common electrode 7 in plan view is provided in the pixel
electrode 6 (see JP 2009-181092 A, for example).

[0101] However, with the slit hole SH provided in the pixel
electrode 6 in this manner, the electric field E directed, for
example, as illustrated in FIG. 16 is applied around each
curved portion of the common electrode 7 (slip electrode
portions).

[0102] FIG. 16 is a schematic plan view illustrating an
example of a change in liquid crystal molecule alignment
around each curved portion of the common electrode in the
liquid crystal display panel of Comparative Example.

[0103] In FIG. 16, the direction of the double-pointed
arrows in thick solid line points an initial alignment direction
AD of liquid crystal molecules, and the direction of the
double-pointed arrows in dotted line points the direction of
the electric field E to be applied. FIG. 16 also uses the single-
pointed arrows in thin solid line (excluding the leader lines
that connect components and reference symbols) to point a
direction in which liquid crystal molecules rotate when the
electric field E is applied.

[0104] In the case where the slit hole SH is provided in the
pixel electrode 6, the direction of the electric field E at points
PO1, PO2, PO4, and POS, which are located along the convex
one of the two outline segments of the slip electrode portion
in each curved portion is the same as in Example 2, where the
substantially rectangular dot holes DH are provided. In FIG.
16, liquid crystal molecules at the point PO2 and liquid crys-
tal molecules in the point PO4 rotate in opposing directions.
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[0105] Among points PI1, P12, PI4, and PIS, which are
located along the concave one of the two outline segments of
the slip electrode portion in each curved portion, the direction
of the electric field E at the points PI1 and PI5 is the same as
in Example 2, where the substantially rectangular dot holes
DH are provided.

[0106] However, among the points PI1, P12, P14, and PI5,
which are located along the concave one of the two outline
segments of the slip electrode portion in each curved portion,
the direction of the electric field E at the points P12 and P14 is
significantly tilted from a direction perpendicular to the con-
cave outline segment because of the fact that the slit hole SH
crosses a plurality of curved portions.

[0107] This causes liquid crystal molecules at the point P12
and liquid crystal molecules at the point PI4 to rotate in
opposing directions. Liquid crystal molecules at the point PI1
and liquid crystal molecules at the point P12 also rotate in
opposing directions. Further, liquid crystal molecules at the
point P14 and liquid crystal molecules at the point PIS rotate
in opposing directions.

[0108] As described above, an area that fails to rotate liquid
crystal molecules and accordingly is displayed black on the
screen (black screen display domain) is generated between
two points at which liquid crystal molecules rotate in oppos-
ing directions when the electric field E is applied. Conse-
quently, a thick black screen display domain 23 is generated
at the border BL between the first area (counter-clockwise
area) and the second area (clockwise area) in a liquid crystal
display device that includes the liquid crystal display panel of
Comparative Example, although the position of the border
BL is highly stable in Comparative Example. It is therefore
concluded that the liquid crystal display device including the
liquid crystal display panel of Comparative Example is not
capable of accomplishing the reduction of residual images
and high transmittance both at the same time. In other words,
to accomplish the reduction of residual images and high
transmittance both, the dot holes DH need to be provided in a
manner that makes the dot hole DH in one curved portion
independent of the dot hole DH in another curved portion and
that allows only the convex one of the two outline segments of
the slip electrode portion in each curved portion to run
through the dot hole area in plan view, as described in
Examples 1 to 3.

[0109] A concrete description of the present invention has
been given through Examples described above. However, the
present invention is not limited to Examples and various
modifications can be made without departing from the spirit
of the present invention.

[0110] Forinstance, while Examples 1 to3 discuss a case in
which each single slip electrode portion in the pixel electrode
6 or the common electrode 7 has one curved portion, the
present invention is not limited thereto and each single slip
electrode portion can have two or more curved portions. In
this case, too, as described above, both the reduction of
residual images and high transmittance are accomplished by
providing the solid flat shape electrode which is disposed far
from the liquid crystal layer 3 with the dot holes DH in a
manner that makes the dot hole DH in one curved portion
independent of the dot hole DH in another curved portion and
that allows only the convex one of the two outline segments of
the slip electrode portion in each curved portion to run
through the dot hole area in plan view.

[0111] Theplanar shape of the dotholes DH provided in the
solid flat shape electrode which is disposed far from the liquid
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crystal layer 3 is not limited to the substantially rectangular
shape and substantially isosceles triangle shape described
above, and can be a polygonal shape such as a hexagonal
shape.

[0112] The liquid crystal display panels discussed in
Examples 1 to 3 are of transmissive type. However, the
present invention is not limited thereto and is applicable to
liquid crystal display panels called a reflective type and liquid
crystal display panels called a transflective type.

[0113] The TFT disposed in the pixels of FIGS. 1,2, and 8
has a structure in which the semiconductor layer 9 is disposed
between the first insulating substrate 8 and the scanning sig-
nal line 11 (gate electrode) and the semiconductor layer 9
overlaps with one gate electrode in two areas. However, the
presentinvention is not limited to this TFT structure, and may
employ a structure in which the semiconductor layer 9 is
disposed above the scanning signal lines 11 (gate electrodes)
when viewed from the first insulating substrate 8.

[0114] Examples 1 to 3 discuss a case in which the slip
electrode portions in the stripe-patterned electrode, which is
closer to the liquid crystal layer 3 than the other electrode is,
stretch substantially in the longitudinal direction of each
pixel. However, the stretching direction of the slip electrode
portions is not limited thereto, and may be substantially in the
direction of the shorter sides of the pixel. Inthe case where the
slip electrode portions stretch substantially in the shorter side
direction of the pixel, too, when the slip electrode portions are
respectively curved in a manner that puts the first area
(counter-clockwise area) and the second area (clockwise
area) side by side in the left-to-right direction within a single
pixel, the position of the border between the two areas is
easily unsteadied. In a pixel structured as this, providing the
dot holes DH that are described in Examples 1 to 3 in the solid
flat shape electrode, which is disposed farther from the liquid
crystal layer 3 than the other electrode is, steadies the position
of the border between the first area (counter-clockwise area)
and the second area (clockwise area) within a single pixel.
[0115] 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 claim 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 liquid
crystal display panel that comprises a liquid crystal layer
sandwiched between a pair of substrates,

the liquid crystal display panel having a display area which

comprises a plurality of pixels, the plurality of pixels
each comprising a pixel electrode, a common electrode,
and the liquid crystal layer,

the liquid crystal layer having a homogeneous alignment as

an alignment when an electric field generated by apply-
ing a voltage between the pixel electrode and the com-
mon electrode is not applied,

the pixel electrode and the common electrode being

stacked on top of each other on one of the pair of sub-
strates with an insulating layer interposed between the
pixel electrode and the common electrode, the pixel
electrode and the common electrode differing from each
other in distance from the liquid crystal layer,

wherein, of the pixel electrode and the common electrode,

the electrode that is disposed closer to the liquid crystal
layer than the other electrode has a stripe pattern that
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comprises a plurality of slip electrode portions, and each
of the plurality of slip electrode portions comprises a
curved portion at which each of the plurality of slip
electrode portions changes a stretching direction, and
wherein, of the pixel electrode and the common electrode,
the electrode that is disposed farther from the liquid
crystal layer than the other electrode has a solid flat
shape provided with a plurality of openings at locations
that overlap with curved portions of the plurality of slip
electrode portions, the plurality of openings being pro-
vided in a manner that makes the opening in one curved
portion independent of the opening in another curved
portion and that allows only a convex outline segment of
two outline segments of the slip electrode portion in each
curved portion to run through an area of the opening in
plan view.
2. The liquid crystal display device according to claim 1,
wherein each of the plurality of openings has a planar shape
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which is substantially a triangle, and one of three sides of the
triangle runs below the curved portion that is associated with
the opening.

3. The liquid crystal display device according to claim 1,
wherein each of the plurality of openings has a planar shape
which is substantially an isosceles triangle, and a base of the
isosceles triangle runs below the curved portion that is asso-
ciated with the opening and is substantially parallel to a
direction of the alignment of the liquid crystal layer when the
electric field is not applied.

4. The liquid crystal display device according to claim 1,
wherein each of the plurality of pixels has in plan view a
substantially rectangular shape in which longer sides are
curved, and the stretching direction of each of the plurality of
slip electrode portions is parallel to the longer sides of each of
the plurality of pixels.
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