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FIG. 5
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD
[0001] The present invention relates to a liquid crystal dis-
play device.
[0002] This application claims priority based on Japanese

Patent Application No. 2012-221529, filed on Oct. 3, 2012,
the contents of which are incorporated herein by reference.

BACKGROUND ART

[0003] 1In aliquid crystal display device, a transverse field
system is hitherto known as a system which applies an electric
field to aliquid crystal layer. In a transverse field liquid crystal
display device, a common electrode and pixel electrodes are
provided on one substrate of a pair of substrates with a liquid
crystal layer sandwiched therebetween, and an electric field
in a substantially transverse direction (a direction substan-
tially parallel to the substrates) relative to the liquid crystal
layer is applied to the liquid crystal layer. In this case, since
directors of liquid crystal molecules are not erected in a
direction perpendicular to the substrates, there is an advan-
tage that a viewing angle is widened. The transverse field
liquid crystal display device includes an IPS (In-Plane
Switching) liquid crystal display device and an FFS (Fringe
Field Switching) liquid crystal display device which are dif-
ferent from each other in the electrode configuration.

[0004] The FFS liquid crystal display device generally
includes a lower layer electrode which is formed on a sub-
stantially entire region in a pixel, and an upper layer electrode
which is disposed above the lower layer electrode with an
insulating film sandwiched therebetween and has a plurality
of linear electrodes (for example, PTL 1). The FFS liquid
crystal display device includes a type in which the lower layer
electrode is used as a common electrode and the upper layer
electrode is used as a pixel electrode, and a type in which the
lower layer electrode is used as a pixel electrode and the upper
layer electrode is used as a common electrode. In all cases, the
pixel electrode and the common electrode overlap each other
in plan view with the insulating film sandwiched therebe-
tween, and pixel capacitance is formed in the overlapping
portion.

[0005] In recent years, a liquid crystal display device has
higher definition, and the pixel size tends to be smaller.
[0006] As described above, in the FFS liquid crystal display
device, since the pixel capacitance is formed in the overlap-
ping portion of the pixel electrode and the common electrode,
the pixel capacitance decreases with the reduction in size of
the pixel. If the pixel capacitance decreases, flickering or
crosstalk is likely to occur, causing deterioration of display

quality.
CITATION LIST

Patent Literature

[0007] PTL 1: Japanese Laid-open Patent Publication No.
2010-101946
SUMMARY OF INVENTION
Technical Problem

[0008] As means for suppressing flickering, crosstalk, or
the like, there are a method of adding a light-shielding film to
a rear surface of a thin film transistor (hereinafter, referred to
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as TFT) constituting a liquid crystal display device, a method
of increasing pixel capacitance, and the like. Of these, the
method of adding the light-shielding film to the rear surface of
the TFT has a problem in that a workload increases or a load
on a bus line increases. As one of the methods of increasing
the pixel capacitance, it is considered to reduce the thickness
of the insulating film between the pixel electrode and the
common electrode. However, if the thickness of the insulating
film is reduced, for example, there is a problem in that a
leakage current increases. For this reason, there is a limitation
to reduce the thickness of the insulating film. From the above,
when increasing the pixel capacitance, it is effective to
increase the area of the overlapping portion of the pixel elec-
trode and the common electrode.

[0009] The liquid crystal display device of PTL 1 includes
a lens member for condensing light from a backlight. In this
liquid crystal display device, the area of an electrode in a
non-light condensing region of the lens member, that is, a
region not substantially contributing to display is increased to
increase the pixel capacitance. On the other hand, an increase
in the electrode area in the region not substantially contrib-
uting to display leads to deterioration of an aperture ratio. For
this reason, in a general liquid crystal display device with no
lens member, bright display is not obtained. If the width of the
linear electrode is enlarged as a whole, a display characteris-
tic, such as transmittance, may be affected. If the width of the
linear electrode is enlarged and the distance between the pixel
electrodes of adjacent pixels becomes short over an allowable
range, color mixing may occur between adjacent pixels.
[0010] The invention has been accomplished in order to
solve the above-described problems, and an object of the
invention is to provide a liquid crystal display device capable
of increasing pixel capacitance to suppress flickering or the
like while suppressing the occurrence of problems of degra-
dation of light transmittance, color mixing, and the like, and
capable of increasing display quality.

Solution to Problem

[0011] In order to attain the above-described object, a lig-
uid crystal display device according to an aspect of the inven-
tion includes a first substrate, a second substrate, a liquid
crystal layer which is sandwiched between the first substrate
and the second substrate, a first electrode which is provided
on a side of the first substrate, where the liquid crystal layer is
disposed, an insulating film which covers the first electrode,
and a second electrode which is provided on the insulating
film. The second electrode has a plurality of linear electrodes
which are disposed at predetermined intervals, and a first
connection portion which connects the first end portions of
the plurality of linear electrodes, each of the plurality of linear
electrodes has a main line portion, and a first bent portion
which is provided between the main line portion and the first
connection portion and is bent in a direction different fromthe
extension direction of the main line portion, and in the second
electrode, an additional capacitance portion is provided inte-
grally with the first connection portion in a region along the
arrangement direction of a plurality of first bent portions.

[0012] In the liquid crystal display device according to the
aspect of the invention, the second electrode has the plurality
of linear electrodes, the first connection portion, and a second
connection portion which connects second end portions
opposite to the first end portions of the plurality of linear
electrodes, each of the plurality of linear electrodes has the
main line portion, the first bent portion, and a second bent
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portion which is provided between the main line portion and
the second connection portion and is bent in a direction dif-
ferent from the extension direction of the main line portion,
and the additional capacitance portion is provided in a region
along the arrangement direction of a plurality of second bent
portions inaddition to the region along the arrangement direc-
tion of the plurality of first bent portions.

[0013] Inthe liquid crystal display device according to the
aspect of the invention, the opposing sides of the additional
capacitance portion and the linear electrode adjacent to the
additional capacitance portion are substantially parallel to
each other, and the interval between the additional capaci-
tance portion and the linear electrode is substantially equal to
the interval between two adjacent linear electrodes.

[0014] In the liquid crystal display device according to the
aspect of the invention, the length of the additional capaci-
tance portion is equal to the length of the first bent portion or
the length of the second bent portion.

[0015] In the liquid crystal display device according to the
aspect of the invention, the additional capacitance portion is
disposed in a light-shielding region.

[0016] In the liquid crystal display device according to the
aspect of the invention, in a first pixel and a second pixel
adjacent to each other, the extension direction of the linear
electrode of the first pixel and the extension direction of the
linear electrode of the second pixel are inclined in opposite
directions relative to the longitudinal direction of the first
pixel and the second pixel.

Advantageous Effects of Invention

[0017] According to the aspect of the invention, it is pos-
sible to realize a liquid crystal display device which increases
pixel capacitance to suppress flickering or the like while
suppressing the occurrence of problems of degradation of
light transmittance, color mixing, and the like, and achieves
high display quality.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG.11isan exploded perspective view showing the
schematic configuration of a liquid crystal display device of a
first embodiment.

[0019] FIG. 2 is a plan view showing two pixels of the
liquid crystal display device of this embodiment.

[0020] FIG. 31isa cross-sectional view taken along the line
A-A'of FIG. 2.

[0021] FIG. 41isa cross-sectional view taken along the line
B-B' of FIG. 2.

[0022] FIG.51s a plan view showing two pixels of a liquid
crystal display device of a comparative example.

[0023] FIG. 6 is a plan view showing two pixels of a liquid
crystal display device of a first modification example.
[0024] FIG. 7 is a plan view showing two pixels of a liquid
crystal display device of a second modification example.
[0025] FIG. 8 is a plan view showing two pixels of a liquid
crystal display device of a second embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0026] Hereinafter, afirst embodiment of the invention will
be described referring to FIGS. 1 to 5.

[0027] Aliquidcrystal display device of this embodiment is
atransverse field liquid crystal display device, particularly, an
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FSS liquid crystal display device which includes a first elec-
trode and a second electrode on one substrate of a pair of
substrates with a liquid crystal layer sandwiched therebe-
tween, and drives liquid crystal by an electric field applied
between the first electrode and the second electrode.

[0028] FIG. 11san exploded perspective view showing the
schematic configuration of the liquid crystal display device of
this embodiment. FIG. 2 is a plan view showing two adjacent
pixels of the liquid crystal display device of this embodiment.
FIG. 3 is a cross-sectional view taken along the line A-A' of
FIG. 2. FIG. 4 is a cross-sectional view taken along the line
B-B' of FIG. 2.

[0029] In the respective drawings, the scale of the size of
each constituent has been adjusted to be recognizable.
[0030] AsshowninFIG. 1, aliquid crystal display device 1
of this embodiment includes, from the deep side when viewed
from an observer, a backlight 2, a polarizing plate 3, a liquid
crystal cell 4, and a polarizing plate 5. In this way, the liquid
crystal display device 1 of this embodiment is a transmissive
liquid crystaldisplay device. The liquid crystal display device
1 performs display while controlling transmittance of light
emitted from the backlight 2 by the liquid crystal cell 4.
[0031] The liquid crystal cell 4 has a TFT array substrate 6
and a counter substrate 7 opposed to each other. A liquid
crystal layer 8 is sandwiched between the TFT array substrate
6 and the counter substrate 7. For the liquid crystal layer 8, a
positive type liquid crystal material is generally used, but a
negative type liquid crystal material may be used. The TFT
array substrate 6 has a plurality of pixels 10 arranged in a
matrix on a substrate 9, and a display region (screen) is
constituted by these pixels 10. In the counter substrate 7, a
color filter 12 is provided on a substrate body 11.

[0032] The TFT array substrate 6 of this embodiment cor-
responds to a first substrate recited in the appended claims.
The counter substrate 7 of this embodiment corresponds to a
second substrate recited in the appended claims.

[0033] Though not shown in FIG. 1, the display region has
a plurality of source bus lines (signal lines) arranged in par-
allel with one another and a plurality of gate bus lines (scan
lines) arranged in parallel with one another. A plurality of
source bus lines and a plurality of gate bus lines are arranged
s0 as to intersect one another. The display region is divided
into a lattice shape by a plurality of source bus lines and a
plurality of gate bus lines, and the substantially rectangular
divided regions become the pixels 10.

[0034] As shown in FIG. 2, each pixel 10 is provided with
a’TFT 15 near the intersection of the source bus line 13 and the
gate bus line 14. The TFT 15 of this embodiment includes a
gate electrode 16 formed of a part of the gate bus line 14, a
semiconductor layer 17 disposed so as to intersect the gate
busline, and a drain electrode 18. The semiconductor layer 17
is made of, for example, amorphous silicon, polycrystalline
silicon, oxide semiconductor, or the like. As the material for
forming the semiconductor layer 17, in addition to amor-
phous silicon and polycrystalline silicon, as oxide semicon-
ductor, for example, oxide semiconductor (InGaZnQ) which
is called IGZO and is made of indium (In), gallium (Ga), and
zine (Zn) can be used. In addition to IGZO, for example,
In—7n—O0-based oxide semiconductor which is called IZO
and is made of indium (In) and zinc (Zn), Zn—Ti—O-based
oxide semiconductor which is called ZTO and is made of zinc
(Zn) and titanium (Ti), or the like can be used. One end
portion of the semiconductor layer 17 is electrically con-
nected to the source bus line 13 through a source contact hole
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19. The other end portion of the semiconductor layer 17 is
electrically connected to the drain electrode 18 through a
drain contact hole 20. The pixel electrode 21 is electrically
connected to the drain electrode 18 through a pixel contact
hole 22. In FIG. 2, reference numeral 23 denotes a through
hole, and reference numeral 24 denotes a punched pattern of
the common electrode. These will be described below.
[0035] As shown in FIG. 2, the pixel electrode 21 has a
plurality (in this embodiment, two) of linear electrodes 26, a
first connection portion 27, and a second connection portion
28. A plurality of linear electrodes 26 are disposed at prede-
termined intervals. In this embodiment, the width L of the
linear electrode 26 and the interval S between adjacent linear
electrodes 26 are about 2 to 5 um. The first connection portion
27 is a substantially rectangular portion which connects the
first end portions of a plurality of linear electrodes 26 close to
the TFT 15. The second connection portion 28 is a substan-
tially rectangular portion which connects the second end por-
tions of a plurality of linear electrodes 26 distant from the
TFT 15. In this embodiment, the pixel electrode 21 has two
linear electrodes 26, but the number of linear electrodes 26 is
not limited to two and can be appropriately set.

[0036] The linear electrode 26 has a main line portion 29, a
first bent portion 30, and a second bent portion 31. The main
line portion 29, the first bent portion 30, and the second bent
portion 31 are described separately for convenience, but these
portions form an integrated electrode. In this embodiment,
the extension direction of the main line portion 29 is inclined
relative to the longitudinal direction of the pixel. Specifically,
the first end portion (the lower end portion of FIG. 2) of the
main line portion 29 is shifted to the left side relative to the
longitudinal direction of the pixel 10, and the second end
portion (the upper end portion of FIG. 2) of the main line
portion 29 is shifted to the right side relative to the longitu-
dinal direction of the pixel 10.

[0037] The longitudinal direction of the pixel 10 is defined
as a direction perpendicular to the extension direction of the
gate bus line 14.

[0038] Incontrast, though not shown, the main line portion
ofapixel (upper or lower pixel) adjacent to the pixel 10 shown
in FIG. 2 in the extension direction of the source bus line 13
is inclined in a direction opposite to the main line portion of
the pixel. That is, in the main line portion of a pixel (upper or
lower pixel) adjacent to the pixel 10 of FIG. 2, the first end
portion (the lower end portion of FIG. 2) of the main line
portion is shifted to the right side relative to the longitudinal
direction of the pixels, and the second end portion (the upper
end portion of FIG. 2) of the main line portion is shifted to the
left side relative to the longitudinal direction of the pixel.
[0039] Inthe source bus line 13, a portion near the TFT 15
is disposed so as to be substantially orthogonal to the gate bus
line 14. A portion along the linear electrode 26 is disposed
substantially in parallel to the linear electrode 26 adjacent to
the source bus line 13. Accordingly, when the source bus line
13 is viewed in the extension direction, the source bus line 13
is bent in zigzag.

[0040] In this embodiment, as described above, the linear
electrodes 26 are inclined in opposite directions between two
adjacent pixels 10 along the source bus line 13. With this
electrode configuration, in the two pixels 10, the directions of
the directors of the liquid crystal molecules are symmetrical
horizontally between adjacent upper and lower pixels. A
structure in which two domains with different alignment
directions of liquid crystal molecules in one pixel are formed,
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a so-called dual domain structure is already known. In this
embodiment, a dual domain structure is used with two adja-
cent pixels 10 along the source bus line 13 as a single unit,
instead of one pixel. With this, the wide viewing angle of the
liquid crystal display device 1 can be achieved.

[0041] The first bent portion 30 is a portion between the
main line portion 29 and the first connection portion 27, and
is bent in a direction inclined from the extension direction of
the main line portion 29. Similarly, the second bent portion 31
is a portion between the main line portion 29 and the second
connection portion 28, and is bent in a direction inclined from
the extension direction of the main line portion 29. The first
bent portion 30 and the second bent portion 31 are substan-
tially disposed in a light-shielding region G covered with a
black matrix. The edge of light-shielding region G (black
matrix) is indicated by a broken line. Though not shown since
the drawing is difficult to be viewed, a black matrix is pro-
vided in a region overlapping the source bus line 13, and this
region becomes a light-shielding region.

[0042] In this way, the first bent portion 30 and the second
bent portion 31 are provided, whereby the connected portion
of the linear electrode 26 and the first connection portion 27
and the connected portion of the linear electrode 26 and the
second connection portion 28 have an acute triangular shape.
This shape functions to suppress the occurrence of abnormal
alignment of liquid crystal when a pressing force is applied to
the liquid crystal display device 1 from the outside.

[0043] That is, in the connected portion of the linear elec-
trode and the connection portion, regions where the twist
directions of liquid crystal molecules are opposite to each
other may be alternately generated. At this time, in the middle
of aregion where the liquid crystal molecules are in opposite
twist directions, a region where the liquid crystal molecules
are not twisted in any direction is generated. This portion
becomes a dark line and causes degradation of transmittance.
When the pressing force is applied to the liquid crystal display
device from the outside, the dark line moves beyond the
light-shielding region according to the pressing force. For this
reason, the movement of the dark line is visually recognized
as display unevenness by the user. In contrast, as in this
embodiment, if the connected portions of the linear electrode
26 and the first connection portion 27 and the second connec-
tion portion 28 have an acute triangular shape, the twist state
of the liquid crystal molecules is fixed, and a dark line is
generated. However, even when a pressing force is applied to
the liquid crystal display device 1 from the outside, the dark
line does not move. With this, display unevenness is not easily
visually recognized by the user.

[0044] An additional capacitance portion 32 is provided
integrally with the first connection portion 27 in a region
along the arrangement direction of a plurality of first bent
portions 30. In this embodiment, the planar shape of the
additional capacitance portion 32 is a substantially right
angled triangular shape. When focusing on the additional
capacitance portion 32 and the linear electrode 26 adjacent to
the additional capacitance portion 32, the opposing sides of
the additional capacitance portion 32 and the linear electrode
26, that is, the hypotenuse of the triangle as the outline of the
additional capacitance portion 32 and the hypotenuse of the
first bent portion 30 are substantially in parallel to each other.
The interval S' between the additional capacitance portion 32
and the linear electrode 26 is substantially equal to the inter-
val between two adjacent linear electrodes 26. The leading
end (the apex of the triangle) of the additional capacitance
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portion 32 is substantially aligned with the position of the
upper end of the first bent portion 30. Accordingly, similarly
to the first bent portion 30, the additional capacitance portion
32 is disposed in the light-shielding region G.

[0045] An additional capacitance portion 33 is provided
integrally with the second connection portion 28 in a region
along the arrangement direction of a plurality of second bent
portions 31. The feature of the additional capacitance portion
33 onthe second connection portion 28 side is the same as the
feature of the additional capacitance portion 32 on the first
connection portion 27 side. That is, the planar shape of the
additional capacitance portion 33 is a substantially right
angled triangular shape. In the additional capacitance portion
33 and the linear electrode 26 adjacent to the additional
capacitance portion 33, the opposing sides of the additional
capacitance portion 33 and the linear electrode 26 are sub-
stantially in parallel to each other. The interval S' between the
additional capacitance portion 33 and the linear electrode 26
is substantially equal to the interval S between two adjacent
linear electrodes 26. The leading end (the apex of the triangle)
of the additional capacitance portion 33 is substantially
aligned with the position of the lower end of the second bent
portion 31, and the additional capacitance portion 33 is dis-
posed in the light-shielding region G.

[0046] The common electrode is formed on the entire sur-
face of the substrate excluding the inside of a punched pattern
24. Accordingly, the external shape of the common electrode
is not shown in FIG. 2. The common electrode is supplied
with a common potential from both right and left sides of the
peripheral portion of the liquid crystal cell 4.

[0047] Next, the cross-sectional structure of the liquid crys-
tal display device 1 will be described.

[0048] Inparticular, the configuration of the pixel electrode
21 which is a feature of this embodiment will be described
referring to FIG. 3, and the configuration of the TFT 15 will
be described referring to FIG. 4.

[0049] Asshownin FIGS. 3 and 4, the liquid crystal display
device 1 includes the TFT array substrate 6, the counter
substrate 7, and the liquid crystal layer 8 sandwiched between
the TFT array substrate 6 and the counter substrate 7. The
liquid crystal display device 1 is provided with a seal material
(not shown) along the periphery of the opposing surfaces of
the TFT array substrate 6 and the counter substrate 7, and the
liquid crystal layer 8 is sealed in a space surrounded by the
seal material, the TFT array substrate 6, and the counter
substrate 7.

[0050] The TFT array substrate 6 has a substrate body 35
which is made of, for example, a light transmissive material,
such as glass, quartz, or plastic. A base insulating film 36
(base coat) is formed on one surface of the substrate body 35.
In the portion of the TFT 15, as shown in F1G. 4, the patterned
semiconductor layer 17 is formed on the base insulating film
36. A gate insulating film 37 is formed on the entire surface of
the base insulating film 36 so as to cover the semiconductor
layer 17. The gate electrode 16 is formed in a portion of the
upper surface of the gate insulating film 37. As described
above, the gate electrode 16 is constituted by the gate bus line
14. A first interlayer insulating film 38 is formed on the entire
surface of the gate insulating film 37 so as to cover the gate
electrode 16.

[0051] The drain electrode 18 is formed on the upper sur-
face of the first interlayer insulating film 38. The drain elec-
trode 18 is connected to the semiconductor layer 17 through
the drain contact hole 20 which passes through the first inter-
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layer insulating film 38 and the gate insulating film 37. An
organic insulating film 39 is formed on the entire surface of
the first interlayer insulating film 38 so as to cover the drain
electrode 18. In the organic insulating film 39, a through hole
23 which passes through the organic insulating film 39 and
reaches the drain electrode 18 is formed. The through hole 23
is a portion punched from the organic insulating film 39 so as
to form a contact of the pixel electrode 21 and the drain
electrode 18.

[0052] The common electrode 40 is formed on the upper
surface of the organic insulating film 39. A second interlayer
insulating film 41 is formed on the organic insulating film 39
so as to cover the common electrode 40. The pixel electrode
21 is formed on the upper surface of the second interlayer
insulating film 41. The pixel electrode 21 is connected to the
drain electrode 18 through the pixel contact hole 22 which
passes through the second interlayer insulating film 41 inside
the through hole 23. In this way, of the common electrode 40
and the pixel electrode 21, the pixel electrode 21 positioned
on the upper layer side is connected to the drain electrode 18.
Accordingly, the common electrode 40 is provided with the
punched pattern 24 so as to avoid the contact with the pixel
electrode 21. An alignment film 42 is provided so as to cover
the pixel electrode 21 on the second interlayer insulating film
41. The alignment film 42 is subjected to alignment treatment
so as to regulate the alignment of the liquid crystal molecules
constituting the liquid crystal layer 8.

[0053] Thecounter substrate 7 includes a substrate body 11
which is made of, for example, a light transmissive material,
such as glass, quartz, or plastic, and a black matrix 44, a color
filter 45, and an alignment film 46 which are laminated in
order on one surface of the substrate body 11. The black
matrix 44 is formed of a material having a high light shielding
property including metal, such as chromium, or black resin.
The color filter 45 contains color materials of different colors,
such as red (R), green (G), and blue (B), corresponding to the
pixels 10. The alignment direction of the alignment film 46 is
regulated in the same direction as the alignment direction of
the alignment film 42.

[0054] InFIG. 3, the source bus line 13 is formed on the first
interlayer insulating film 38.

[0055] The source bus line 13 is the same layer as the drain
electrode 18 and is made of the same conductive material as
the drain electrode 18. The common electrode 40 is formed on
the upper surface of the organic insulating film 39. The pixel
electrode 21 is formed above the common electrode 40
through the second interlayer insulating film 41. FIG. 3 is a
cross-sectional view taken along a cutting plane line which
passes through the second bent portion 31 of the linear elec-
trode 26 and the additional capacitance portion 33. In FIG. 3,
the cross-sections of two linear electrodes 26 (second bent
portion 31) and the additional capacitance portion 33 on the
upper surface of the second interlayer insulating film 41 are
shown. In this way, the common electrode 40 and the pixel
electrode 21 are opposed to each other through the second
interlayer insulating film 41, whereby pixel capacitance C is
formed.

[0056] The common electrode 40 of this embodiment cor-
responds to a first electrode described in the appended claims.
The pixel electrode 21 of this embodiment corresponds to a
second electrode described in the appended claims. The sec-
ond interlayer insulating film 41 of this embodiment corre-
sponds to an insulating film described in the appended claims.
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[0057] In the related art, when designing this type of pixel
electrode, as shown in FIG. 5, it is easily considered that a first
connection portion 127 and a second connection portion 128
which are the connection portions of linear electrodes 126 are
designed in a simple rectangular shape. A designer performs
design for optimizing the conditions for the ratio [.2/S2 of the
width 1.2 of a main line portion 129 in the linear electrode 126
having the main line portion 129 and bent portions 130 and
131 and the interval S2 between the main line portions 129
and the like according to various parameters responsible for
display characteristics based on the designed shape.

[0058] Here, for example, as a countermeasure against a
problem, such as flickering, the pixel capacitance may be
forced to be increased. As described above, since it 1s difficult
to reduce the thickness of the interlayer insulating film
between the pixel electrode and the common electrode, the
area of an overlapping portion of a pixel electrode and a
common electrode, that is, the area of a pixel electrode 121 is
increased. In this case, for example, (1) amethod of widening
the width L2 of the main line portion 129, (2) a method of
increasing the dimension Y of the pixel in the longitudinal
direction (the up-down direction of F1G. 5) while keeping the
shape of the first connection portion 127 or the second con-
nection portion 128 in a rectangular shape, or the like is
considered.

[0059] On the other hand, the above two methods have
major faults.
[0060] In the case of (1), since the ratio L.2/S2 of the width

L2 of the main line portion 129 and the interval S2 between
the main line portions 129 s deviated from an optimum value,
the characteristics, such as light transmittance, may be
degraded. If the distance between the linear electrodes 126 of
adjacent pixels becomes short over an allowable range, color
mixing may occur.

[0061] Inthecaseof(2),sinceaportionother than the linear
electrode 126 substantially contributing to display is
increased, the aperture ratio is degraded and light transmit-
tance is degraded. In the cases of (1) and (2), the optimized
design should be significantly reconsidered, and work effi-
ciency of design is bad.

[0062] Incontrast, inthis embodiment, as shown in FIG. 2,
the additional capacitance portions 32 and 33 are added so as
to extend outward from the first connection portion 27 of the
pixel electrode 21 and the second connection portion 28
extended in a direction along the gate bus line 14. With this, as
shown in the FIG. 3, pixel capacitance C' for an amount
formed by the laminate of the common electrode 40, the
second interlayer insulating film 41, and the additional
capacitance portion 33 (32) increases compared to a case
where the additional capacitance portion is not added. As a
result, it is not necessary to change the ratio I/S of the width
L of the linear electrode 26 and the interval S between the
linear electrodes 26, the dimension of the rectangular portions
of the first connection portion 27 and the second connection
portion 28, and the like. For this reason, it is possible to avoid
the above problems, such as degradation of light transmit-
tance and color mixing.

[0063] The triangular additional capacitance portions 32
and 33 are added, whereby the shape and dimension of the
interval between the additional capacitance portions 32 and
33 and the linear electrode 26 substantially match the shape
and dimension of the interval between two linear electrodes
26. That is, the opposing sides of the additional capacitance
portions 32 and 33 and the linear electrode 26 are substan-
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tially in parallel to each other, and the interval S' between the
additional capacitance portions 32 and 33 and the linear elec-
trode 26 is substantially equal to the interval S between two
adjacent linear electrodes 26. With this, when the pressing
force is applied to the liquid crystal display device 1 from the
outside, an effect that display unevenness is not easily visu-
ally recognized by the user is obtained. Furthermore, since
the additional capacitance portions 32 and 33 are disposed in
the light-shielding region G, display unevenness is not more
easily visually recognized.

[0064] The inventors have measured samples with the pat-
tern (FIG. 2) of the pixel electrode 21 of this embodiment and
the pattern (FIG. 5) of the pixel electrode 121 of a compara-
tive example and have compared various characteristics. The
result is shown in [Table 1].

TABLE 1

Pixel Electrode

Comparative
Example (No
Additional Pattern)

Example (With
Additional Pattern)

Pixel Capacitance (Pixel A
Electrode-Counter Electrode
Overlapping Portion Area)

Flicker Rate A B
Unevenness A A
Color Mixing B A
Transmittance A A

[0065] In [Table 1], “A” and “B” represent a relative com-
parison result of the example and the comparative example.

[0066] As shown in [Table 1], in this embodiment, the area
of the overlapping portion of the pixel electrode 21 and the
common electrode 40 was increased, and the pixel capaci-
tance was increased relative to the comparative example.
Accordingly, the flicker rate was decreased relative to the
comparative example. The inventors have set specific condi-
tions for the dimension of each portion, the film thickness,
and the like and have confirmed through measurement that
the pixel capacitance is increased by about 10 to 15% and the
flicker rate relatively decreases by 10%.

[0067] The flicker rate is an index representing the degree
of flickering.
[0068] In this embodiment, display unevenness which will

occur when the pressing force is applied to the liquid crystal
display device 1 was not substantially generated, and the
same excellent result as in the comparative example was
obtained. The additional capacitance portions 32 and 33 are
added, whereby the distance between some pixel electrodes
of adjacent pixels 10 becomes short according to the occur-
rence situation of color mixing. As a result, strictly, display
unevenness is slightly deteriorated relative to the comparative
example. However, the deterioration is in a level which does
not cause aproblem foruse. Light transmittance was the same
as in the comparative example, and sufficiently bright display
was obtained.

[First Modification Example of Pixel Electrode]

[0069] Inthe foregoing embodiment, although the triangu-
lar additional capacitance portions 32 and 33 are provided,
the shape of the additional capacitance portion may not be
necessarily a triangular shape.
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[0070] FIG. 6is a plan view showing two adjacent pixels of
aliquid crystal display device of a first modification example.
[0071] In FIG. 6, the constituents common to FIG. 2 are
represented by the same reference numerals, and description
thereof will not be repeated.

[0072] Inapixelelectrode 50 of this modification example,
arectangular additional capacitance portion 51 is provided in
aregion along the arrangement direction of a plurality of first
bent portions 30. Similarly, a rectangular additional capaci-
tance portion 52 is provided in a region along the arrangement
direction of a plurality of second bent portions 31. The addi-
tional capacitance portions 51 and 52 are disposed in the
light-shielding region G together with the first bent portion 30
and the second bent portion 31.

[0073] Inthe electrode shape of this modification example,
unlike the electrode shape of the foregoing embodiment, the
shape and dimension of the interval between the additional
capacitance portions 51 and 52 and the adjacent linear elec-
trode 26 do not match the shape and dimension of the interval
between two adjacent linear electrodes 26. With this, slight
alignment disorder of liquid crystal may occur near the addi-
tional capacitance portions 51 and 52. However, since the
additional capacitance portions 51 and 52 are disposed in the
light-shielding region G, even if slight alignment disorder of
liquid crystal occurs, display quality is not significantly dam-
aged.

[Second Modification Example of Pixel Electrode]

[0074] In the foregoing embodiment, although the entire
additional capacitance portions 32 and 33 are disposed in the
light-shielding region G, the entire additional capacitance
portion may not be necessarily disposed in the light-shielding
region.

[0075] FIG.7isa plan view showing two adjacent pixels of
a liquid crystal display device of a second modification
example.

[0076] In FIG. 7, the constituents common to FIG. 2 are
represented by the same reference numerals, and description
thereof will not be repeated.

[0077] Inapixel electrode 55 of this modification example,
a substantially triangular additional capacitance portion 56 is
provided in a region along the arrangement direction of a
plurality of first bent portions 30. In the additional capaci-
tance portion 56, the side close to the first connection portion
27 is disposed in the light-shielding region G, and the side (the
leading end side of the triangle) distant from the first connec-
tion portion 27 protrudes outside the light-shielding region G.
Similarly, a substantially triangular additional capacitance
portion 57 is provided in a region along the arrangement
direction of a plurality of second bent portions 31. In the
additional capacitance portion 57, the side close to the second
connection portion 28 is disposed in the light-shielding
region G, and the side (the leading end side of the triangle)
distant from the second connection portion 28 protrudes out-
side the light-shielding region G.

[0078] Inthis modification example, since part of the addi-
tional capacitance portions 56 and 57 protrudes from the
light-shielding region G, alignment disorder of liquid crystal
or color mixing with the addition of the additional capaci-
tance portions 56 and 57 may slightly affect display. On the
other hand, since the area of the additional capacitance por-
tions 56 and 57 is not limited to the light-shielding region G
and is made large, it is suitable for significantly increasing
pixel capacitance.
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[0079] In this way, the effect to increase the pixel capaci-
tance and the problems, such as degradation of light transmit-
tance and color mixing, with the addition of the additional
capacitance portion are in the relationship of trade-off.
Accordingly, the designer may optimize the shape, dimen-
sion, and the like of the additional capacitance portion while
considering the balance of the effect to increase the pixel
capacitance and the problems, such as degradation of light
transmittance and color mixing. The apex of the triangle
which is the external shape of the additional capacitance
portion may not be necessarily sharpened, and may be cham-
fered or rounded.

Second Embodiment

[0080] Hereinafter, a second embodiment of the invention
will be described referring to FIG. 8.

[0081] FIG. 8isa plan view showing two adjacent pixels of
a liquid crystal display device of this embodiment.

[0082] In FIG. 8, the constituents common to FIG. 2 are
represented by the same reference numerals, and description
thereof will not be repeated.

[0083] In the first embodiment, an example where the
invention is applied to a liquid crystal display device having a
dual domain structure with two adjacent pixels as a single unit
has been described. In this embodiment, an example where
the invention is applied to a liquid crystal display device
having no dual domain structure will be described.

[0084] Inthisembodiment, as shownin FIG. 8, asource bus
line 60 extends linearly, and the shape of a pixel 61 sur-
rounded by the source bus line 60 and the gate bus line 14 is
a rectangular shape. A main line portion 64 of a linear elec-
trode 63 constituting a part of a pixel electrode 62 is disposed
in parallel to the source bus line 60. Accordingly, in this
embodiment, in all pixels 61, the main line portion 64 of the
linear electrode 63 is along the longitudinal direction of the
pixels 61, and an alignment division structure is not used.

[0085] A substantially triangular additional capacitance
portion 67 is provided in a region along the arrangement
direction of a plurality of first bent portions 65. The additional
capacitance portion 67 is disposed in the light-shielding
region G. The opposing sides of the additional capacitance
portion 67 and the linear electrode 63 are substantially in
parallel to each other, and the interval S' between the addi-
tional capacitance portion 67 and the linear electrode 63 is
substantially equal to the interval S between two adjacent
linear electrodes 63. Similarly, a substantially triangular addi-
tional capacitance portion 68 is provided in a region along the
arrangement direction of a plurality of second bent portions
66. The additional capacitance portion 68 is disposed in the
light-shielding region G. The opposing sides of the additional
capacitance portion 68 and the linear electrode 63 are sub-
stantially in parallel to each other, and the interval S' between
the additional capacitance portion 68 and the linear electrode
63 is substantially equal to the interval S between two adja-
cent linear electrodes 63.

[0086] In this embodiment, the same effect as in the first
embodiment that it is possible to realize a liquid crystal dis-
play device which increases pixel capacitance to suppress
flickering or the like while suppressing the occurrence of
problems of degradation of light transmittance, color mixing,
and the like, and achieves high display quality is obtained.
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[0087] Thetechnical scope of the invention is not limited to
the foregoing embodiments, and various changes may be
made without departing from the spirit and scope of the
invention.

[0088] For example, in the foregoing embodiments,
although an example where the additional capacitance por-
tions are added on both the first connection portion side and
the second connection portion side, when the increase in the
pixel capacitance can be secured only by one additional
capacitance portion, an additional capacitance portion may
be added on either the first connection portion side or the
second connection portion side.

[0089] In addition, specific features of various wirings
including source bus lines and gate bus lines, TFTs, and the
like are not limited to the foregoing embodiments and can be
appropriately changed.

INDUSTRIAL APPLICABILITY

[0090] The invention can be used for an FFS liquid crystal
display device.
REFERENCE SIGNS LIST
[0091] 1 LIQUID CRYSTAL DISPLAY DEVICE
[0092] 6 TFT ARRAY SUBSTRATE (FIRST SUB-
STRATE)
[0093] 7 COUNTER SUBSTRATE (SECOND SUB-
STRATE)
[0094] 10, 61 PIXEL
[0095] 21, 50, 55, 62 PIXEL ELECTRODE (SECOND
ELECTRODE)
[0096] 26, 63 LINEAR ELECTRODE
[0097] 27 FIRST CONNECTION PORTION
[0098] 28 SECOND CONNECTION PORTION
[0099] 29, 64 MAIN LINE PORTION
[0100] 30, 65 FIRST BENT PORTION
[0101] 31, 66 SECOND BENT PORTION
[0102] 32, 33, 51, 52, 56, 57, 67, 68 ADDITIONAL

CAPACITANCE PORTION

[0103] 40 COMMON ELECTRODE (FIRST ELEC-
TRODE)
[0104] 41 SECOND INTERLAYER INSULATING

FILM (INSULATING FILM)

1-6. (canceled)

7: A liquid crystal display device comprising:

a first substrate;

a second substrate;

aliquid crystal layer which is sandwiched between the first
substrate and the second substrate;

a first electrode which is provided on a liquid crystal layer
side of the first substrate;

an insulating film which covers the first electrode; and

asecond electrode which is provided on the insulating film,
wherein

the second electrode includes a plurality of linear elec-
trodes and a first connection portion, the plurality of
linear electrodes are disposed at predetermined intervals
and the first connection portion connects first end por-
tions of the plurality of linear electrodes,

each of the plurality of linear electrodes includes a main
line portion, and a first bent portion which is provided
between the main line portion and the first connection
portion and is bent in a direction different from an exten-
sion direction of the main line portion,
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the second electrode further includes a first additional
capacitance portion which is provided integrally with
the first connection portion in a region along an arrange-
ment direction of the plurality of first bent portions, and
a length of the first additional capacitance portion is sub-
stantially equal to a length of the first bent portion.
8: The liquid crystal display device according to claim 7,
wherein
the second electrode further includes a second connection
portion which connects second end portions opposite to
the first end portions of the plurality of linear electrodes,
each of the plurality of linear electrodes further includes a
second bent portion which is provided between the main
line portion and the second connection portion and is
bent in a direction different from the extension direction
of the main line portion, and
the second electrode further includes a second additional
capacitance portion which is provided integrally with
the second connection portion in a region along an
arrangement direction of a plurality of second bent por-
tions.
9: The liquid crystal display device according to claim 7,
wherein
opposing sides of the first additional capacitance portion
and the linear electrode adjacent to the first additional
capacitance portion are substantially parallel to each
other, and
a first interval between the first additional capacitance por-
tion and the linear electrode is substantially equal to an
interval between two adjacent linear electrodes.
10: The liquid crystal display device according to claim 7,
wherein
the first additional capacitance portion is disposed in a
light-shielding region.
11: The liquid crystal display device according to claim 7,
wherein
in a first pixel and a second pixel adjacent to each other, an
extension direction of the linear electrode of the first
pixel and an extension direction of the linear electrode of
the second pixel are inclined in opposite directions rela-
tive to a longitudinal direction of the first pixel and the
second pixel.
12: The liquid crystal display device according to claim 8,
wherein
a length of the second additional capacitance portion is
substantially equal to a length of the second bent portion.
13: The liquid crystal display device according to claim 8,
further comprising:
a gate bus line extending in a first direction,
a source bus line extending in a second direction and inter-
secting with the gate bus line, and
a switching element arranged near the intersection of the
gate bus line and the source bus line, wherein
a distance between the switching element and the first
connection portion is shorter than a distance between the
switching element and the second connection portion.
14: A liquid crystal display device comprising:
a first substrate;
a second substrate;
aliquid crystal layer which is sandwiched between the first
substrate and the second substrate;
a first electrode which is provided on a liquid crystal layer
side of the first substrate;
an insulating film which covers the first electrode; and
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asecond electrode which is provided on the insulating film,
a gate bus line extending in a first direction,
a source bus line extending in a second direction and inter-
secting with the source bus line, and
a switching transistor arranged near the intersection of the
gate bus line and the source bus line, wherein
the second electrode includes a plurality of linear elec-
trodes and a first connection portion, the plurality of
linear electrodes are disposed at predetermined intervals
and the first connection portion connects first end por-
tions of the plurality of linear electrodes,
each of the plurality of linear electrodes includes a main
line portion, and a first bent portion which is provided
between the main line portion and the first connection
portion and is bent in a direction different from an exten-
sion direction of the main line portion,
the second electrode further includes a first additional
capacitance portion which is provided integrally with
the first connection portion in a region along an arrange-
ment direction of the plurality of first bent portions, and
at least a part of the source bus line extends in parallel with
the main line portion of the linear electrode.
15: The liquid crystal display device according to claim 14,
wherein
an extending direction of the main line portion is inclined
from a direction perpendicular to the first direction.
16: The liquid crystal display device according to claim 14,
wherein
the source bus line perpendicularly crosses with the gate
bus line at the intersection.
17: The liquid crystal display device according to claim 14,
wherein
a length of the first additional capacitance portion is sub-
stantially equal to a length of the first bent portion.
18: The liquid crystal display device according to claim 14,
wherein
the second electrode further includes a second connection
portion which connects second end portions opposite to
the first end portions of the plurality of linear electrodes,
each of the plurality of linear electrodes further includes a
second bent portion which is provided between the main
line portion and the second connection portion and is
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bent in a direction different from the extension direction
of the main line portion, and
the second electrode further includes a second additional
capacitance portion which is provided integrally with
the second connection portion in a region along an
arrangement direction of a plurality of second bent por-
tions.
19: The liquid crystal display device according to claim 14,
wherein
opposing sides of the first additional capacitance portion
and the linear electrode adjacent to the first additional
capacitance portion are substantially parallel to each
other, and
a first interval between the first additional capacitance por-
tion and the linear electrode is substantially equal to an
interval between two adjacent linear electrodes.
20: The liquid crystal display device according to claim 14,
wherein
the first additional capacitance portion is disposed in a
light-shielding region.
21: The liquid crystal display device according to claim 14,
wherein
in a first pixel and a second pixel adjacent to each other, an
extension direction of the linear electrode of the first
pixel and an extension direction of the linear electrode of
the second pixel are inclined in opposite directions rela-
tive to a longitudinal direction of the first pixel and the
second pixel.
22: The liquid crystal display device according to claim 18,
wherein
a length of the second additional capacitance portion is
substantially equal to a length of the second bent portion.
23: The liquid crystal display device according to claim 18,
further comprising:
a gate bus line extending in a first direction,
asource bus line extending in a second direction and inter-
secting with the gate bus line, and
a switching element arranged near the intersection of the
gate bus line and the source bus line, wherein
a distance between the switching element and the first
connection portion is shorter than a distance between the
switching element and the second connection portion.
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