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LIQUID CRYSTAL DISPLAY PANEL

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 14/689,379, filed on Apr. 17,
2015, which application is a continuation of U.S. patent
application Ser. No. 14/048,113, filed Oct. 8, 2013, issued as
U.S. Pat. No. 9,041,884 on May 26, 2015, which application
is a continuation of U.S. patent application Ser. No. 13/330,
150, filed on Dec. 19, 2011, issued as U.S. Pat. No. 8,582,
060 on Nov. 12, 2013, which contains subject matter related
to Japanese Patent Application JP 2009-138908 filed in the
Japan Patent Office on Jun. 10, 2009, the entire content of
which is hereby incorporated by reference.

BACKGROUND

[0002] The present disclosure relates to a transverse elec-
tric field type liquid crystal display panel, and more particu-
larly, to a transverse electric field type liquid crystal display
panel with a high aperture ratio, in which a shape of a
sub-pixel has a curved portion and an end portion of a
display area is rectangular.

[0003] Liquid crystal display panels have the characteris-
tics of being light weight, thin, and having low power
consumption as compared with CRTs (cathode ray tubes),
and thus are used in various electronic apparatuses as
displays. Through the use of a rubbing-processed alignment
film, a liquid crystal display panel changes the direction of
liquid crystal molecules arranged in a predetermined direc-
tion by an electric field, thereby changing a transmittance
ratio or a reflectance ratio of light to display an image.

[0004] As a method of applying an electric field to a liquid
crystal layer of the liquid crystal display panel, there are a
longitudinal electric field manner and a transverse electric
field manner. In the longitudinal electric field type liquid
crystal display panel, a substantially longitudinal electric
field is applied to liquid crystal molecules by a pair of
electrodes disposed with a liquid crystal layer interposed
therebetween. As the longitudinal electric field type liquid
crystal display panel, a TN (Twisted Nematic) mode, a VA
(Vertical Alignment) mode, an MVA (Multi-domain Vertical
Alignment) mode and the like are known. In the transverse
electrical field type liquid crystal display panel, a pair of
electrodes insulated from each other are provided on the
inside of one of a pair of substrates disposed with a liquid
crystal layer interposed therebetween, and a substantially
transverse electric field is applied to the liquid crystal
molecules. As the transverse electric field type liquid crystal
display panel, one of an IPS (In-Plane Switching) mode in
which a pair of electrodes are not overlapped in the plan
view, and one of an FFS (Fringe Field Switching) mode in
which a pair of electrodes are overlapped are known.

[0005] In the IPS mode liquid crystal display panel, a pair
of electrodes, such as a pixel electrode and a common
electrode, is formed in a tooth shape to engage with each
other in a state of electrical insulation, and a transverse
electric field is applied to the liquid crystal between the pixel
electrode and the common electrode. The IPS mode liquid
crystal display device has an advantage of a wide view angle
wider than that of the longitudinal electric field type liquid
crystal display device.
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[0006] 1In the FFS mode liquid crystal display panel, a pair
of electrodes such as an upper electrode and a lower elec-
trode are provided on layers different from each other with
an insulating film interposed therebetween, a slit-shaped
aperture is provided in the upper electrode, and a substan-
tially transverse electric field passing through the slit-shaped
aperture is applied to a liquid crystal layer. Since the FFS
mode liquid crystal display panel is capable of obtaining a
wide view angle and has an effect whereby image contrast
is capable of being improved, recently, it has come into
widespread use.

[0007] In the transverse electric field type liquid crystal
display panel, the slit-shaped aperture (case of FFS mode)
formed in the upper electrode or an aperture (case of IPS
mode, hereinafter, also referred to as “slit-shaped aperture”)
formed between both electrodes in the plan view extends to
be slightly inclined with respect to a rubbing direction, to
enable rotation of the liquid crystal molecules in the same
direction. In a color display liquid crystal display panel, it is
possible to reduce the change of color caused by the view
angle, by a multi-domain process of dividing the inclination
angle with respect to the rubbing direction of the slit-shaped
aperture into two positive and negative areas. However,
since it is difficult to form an electric field in a desired
direction at an end portion of the slit-shaped aperture, when
the slit-shaped apertures in the extending directions different
from each other are separated, the number of end portions of
the slit-shaped apertures increases and as a result the aper-
ture ratio is lowered.

[0008] In a liquid crystal display panel disclosed in Japa-
nese Unexamined Patent Application Publication No. 2002-
014374 or Japanese Unexamined Patent Application Publi-
cation No. 2008-083386, a slit-shaped aperture is provided
with a curved portion, the multi-domain process is achieved
and the aperture ratio is increased by connecting slit-shaped
apertures extending in different directions.

SUMMARY

[0009] When the slit-shaped aperture provided with the
curved portion is formed in the sub-pixel demarcated by a
signal line and a scanning line longitudinally and trans-
versely extending in a linear shape like the transverse
electric field type liquid crystal display panel disclosed
Japanese Unexamined Patent Application Publication No.
2002-014374 or Japanese Unexamined Patent Application
Publication No. 2008-083386, the width of a part of the
electrodes becomes large. Accordingly, an electrode area,
which is away from the slit-shaped aperture and does not
particularly contribute to the generation of an electric field
for driving the liquid crystal, is created, and thus the aperture
ratio decreases.

[0010] For this reason, as disclosed in Japanese Patent No.
3194127, the signal lines and the scanning lines are curved
to be parallel to the slit-shaped aperture provided with the
curved portion such that the shape of the electrode is the
same shape as that of the slit-shaped aperture provided with
the curved portion, and thus the sub-pixel has the same
curved shape as that of the slit-shaped aperture. A liquid
crystal display panel 50 disclosed in Japanese Patent No.
3194127 will be described with reference to FIG. 8A, FIG.
8B, and FIG. 8C. FIG. 8A, FIG. 8B, and FIG. 8C are a plan
view and partially enlarged views of the liquid crystal
display panel disclosed in Japanese Patent No. 3194127.
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[0011] As shown in the partially enlarged view of FIG. 8A
of one sub-pixel, the liquid crystal display panel 50 is the
FFS mode liquid crystal display panel, the upper electrode
51 is provided with a slit-shaped aperture 52, and the upper
electrode 51 and the lower electrode 53 have curved shapes
similarly to the slit-shaped aperture 52. An array substrate
AR has an extending portion 57 provided with a driver
terminal 55 and a flexible printed board terminal 56. A color
filter substrate CF can be bonded to a part other than the
extending portion 57 of the array substrate AR. The color
filter substrate CF is provided with a light shield layer 58
forming an aperture of the display area by shielding a
non-display area.

[0012] The upper electrode 51 of the sub-pixel of the
display area has a slit-shaped aperture 52 extending in a
direction (Y-axis direction in FIG. 8A) of the signal line 54.
The scanning line 59 linearly extends in a direction (X-axis
direction in FIG. 8A) intersecting with the signal line 54, and
the areas surrounded with the signal lines 54 and the
scanning lines 59 in the plan view constitute the sub-pixels.
The slit-shaped aperture 52 is provided with a “<”-shaped
curved portion 60. The slit-shaped aperture 52 extends in the
positive and negative reverse direction with respect to the
rubbing process performed in the Y-axis direction in FIG.
8A. Accordingly, in the liquid crystal display panel 50, it is
possible to reduce the change of color caused by the view
angle.

[0013] The upper electrode 51 and the lower electrode 53,
and the signal line 54 are also provided with the curved
portion 61 and the curved portion 62 taken along the curved
portion 60 of the slit-shaped aperture 52, respectively.
Accordingly, the slit-shaped aperture 52, and the upper
electrode 51 and the signal line 54 are parallel to each other,
and thus the area where the electric field becomes weak is
not formed in the upper electrode 51. Therefore, the aperture
ratio becomes high as compared with the liquid crystal
display panel disclosed in Japanese Unexamined Patent
Application Publication No. 2002-014374 or Japanese
Unexamined Patent Application Publication No. 2008-
083386.

[0014] As described above, when the signal line 54 is
provided with the curved portion and each sub-pixel has the
curved portion, the light shield layer 58 of the color filter
substrate for preventing light leakage between the sub-pixels
is also provided with the curved portion taken along the
signal line 54, as described in Japanese Patent No. 3194127.
However, as shown in the partially enlarged views of FIG.
8B and FIG. 8C, the innermost peripheral side of the light
shield layer 58 of the non-display area forming the aperture
end portion of the display area is also provided with the
curved portion, and thus there is a problem that the periphery
of the display area is jagged. The problem occurs also in the
case of the IPS mode liquid crystal display panel.

[0015] It is desirable to provide a transverse electric field
type liquid crystal display panel with a high aperture ratio in
which an aperture end of a display area is rectangular in a
transverse electric field type liquid crystal display panel in
which a shape of each-sub-pixel has a curved portion.
[0016] According to an embodiment of the present disclo-
sure, there is provided a transverse electric field type liquid
crystal display panel including a pair of substrates opposed
with a liquid crystal layer interposed therebetween, wherein
a plurality of sub-pixels having at least one curved portion
in a display area are provided in a matrix on one side of the
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pair of substrates, and a pair of electrodes having at least one
curved portion are formed in the plurality of sub-pixels,
wherein a light shield layer shielding a non-display area
positioned on an outer peripheral side of the display area and
between the plurality of sub-pixels is formed on the other
side of the pair of substrates, and wherein the light shield
layer of the non-display area is formed in a shape in which
the outermost peripheral side of the display area is rectan-
gular.

[0017] In the transverse electric field type liquid crystal
display panel of the present disclosure, the plurality of
sub-pixels having at least one curved portion are provided in
a matrix in the display area on one side of the pair of
substrates, that is, an array substrate side, and the plurality
of sub-pixels are provided with a pair of electrodes having
at least one curved portion. With such a configuration, the
area which is not used for display becomes narrow, and thus
it is possible to obtain the transverse electric field type liquid
crystal display panel with a high aperture ratio and high
brightness. However, the light shield layer shielding the
non-display area positioned on the outer peripheral side of
the display area and between the plurality of sub-pixels is
formed on the other side of the pair of substrates, that is, a
color filter substrate. However, the innermost peripheral side
of the light shield layer of the non-display area forming the
aperture end portion of the display area is also provided with
the curved portion, and thus the periphery of the display area
becomes jagged.

[0018] According to the liquid crystal display panel of the
embodiment of the present disclosure, the light shield layer
of the non-display area is formed in the shape in which the
outermost peripheral side of the display area is rectangular.
Accordingly, the aperture end portion of the display area can
be made rectangular, and thus the periphery of the display
area becomes smooth, which is visually satisfactory.
[0019] In the liquid crystal display panel according to an
embodiment of the present disclosure, signal lines and
scanning lines may be formed on one side of the pair of
substrates, and the signal lines and the scanning lines may be
curved along the shape of the sub-pixels.

[0020] When the sub-pixel is provided with the curved
portion, one side of the signal line and the scanning line is
curved according to the shape of the curved sub-pixel, and
the other side of the signal line and the scanning line linearly
extends. For this reason, according to the liquid crystal
display panel according to the embodiment of the present
disclosure, the pair of electrodes can be disposed throughout
the area between the signal lines and between the scanning
lines, and thus it is possible to improve the aperture ratio.
According to the embodiment of the present disclosure, it is
possible to obtain the effect of the present disclosure even in
any of a case where the sub-pixels are curved in a column
direction along the signal lines and a case where the sub-
pixels are curved in a line direction along the scanning lines.
[0021] In the liquid crystal display according to the
embodiment of the present disclosure, it is preferable that
when the outermost side of the sub-pixel positioned on the
outermost peripheral side of the display area is an inner
angle side, the light shield layer of the non-display area is
formed to pass through a curved point of the inner angle side
of the sub-pixel.

[0022] According to the embodiment of the present dis-
closure, it is possible to make the periphery of the display
area smooth while preventing the aperture ratio from
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decreasing. When the outermost side of the sub-pixel posi-
tioned on the outermost peripheral side of the display area is
the inner angle side, and when the shielding is performed to
the side closer to the display area than the curved point of the
inner angle side positioned on the outermost side of the
display area by the light shield layer of the non-display area,
the jaggedness does not occur in the periphery of the display
area, but the bright area of the sub-pixels is widely shielded,
which is not preferable. Similarly, when the side closer to the
non-display area side than the curved point of the inner angle
side positioned on the outermost side of the display area is
covered by the light shield layer of the non-display area, the
outer angle side of the signal lines and the scanning lines is
exposed to the display area side, and the jaggedness occurs
in the periphery of the display area, which is not preferable.

[0023] In the liquid crystal display panel according to the
embodiment of the present disclosure, it is preferable that
when the outermost side of the sub-pixel positioned on the
outermost peripheral side of the display area is an outer
angle side, the light shield layer of the non-display area is
formed to pass through an end point of the outer angle side
of the sub-pixel.

[0024] Inthe present disclosure, “the end point of the outer
angle side” means an angled portion of the outer angle side
of angled portions of four corners of each sub-pixel. In the
liquid crystal display device according to the embodiment of
the present disclosure, it is possible to make the periphery of
the display area smooth while preventing the aperture ratio
from decreasing. When the outermost side of the sub-pixel
positioned on the outermost peripheral side of the display
area is the outer angle side, and when the shielding is
performed to the display area over the end point of the outer
angle side positioned on the outermost side of the display
area by the light shield layer of the non-display area, the
jaggedness does not occur in the periphery of the display
area, but the bright area of the sub-pixels is widely shielded,
which is not preferable. Similarly, when the side closer to the
non-display area side than the end point of the outer angle
side positioned on the outermost side of the display area is
shielded by the light shield layer of the non-display area, the
inner angle side of the signal lines and the scanning lines is
exposed to the display area side, and the jaggedness occurs
in the periphery of the display area, which is not preferable.

[0025] In the liquid crystal display panel according to the
embodiment of the present disclosure, it is preferable that
the sub-pixels of the outermost peripheral side of the display
area have an area wider than that of the other sub-pixels.

[0026] When the sub-pixels of the outermost peripheral
side of the display area are covered by the light shield layer
of the non-display area, the area of the aperture portion of
the sub-pixels of the outermost peripheral side of the display
area becomes small. According to the liquid crystal display
device of the embodiment of the present disclosure, the
sub-pixels of the outermost peripheral side of the display
area have the area wider than that of the other sub-pixels.
Accordingly, even when the sub-pixels of the outermost
peripheral side of the display area are covered by the light
shield layer of the non-display area, the area of the aperture
portion can be the same as that of the other sub-pixels, and
thus the sub-pixels of the outermost peripheral side of the
display area are prevented from being dark.

[0027] In the liquid crystal display panel of the embodi-
ment of the present disclosure, it is preferable that a dummy
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pixel is formed on the outside of the display area, and the
dummy pixel is in an inactive state.

[0028] The dummy pixel simulates the same configuration
as that of the sub-pixel. For example, the dummy pixel may
serve as an electrostatic protective circuit. In the transverse
electric field type liquid crystal display panel, on the further
outer peripheral side of the sub-pixels of the outermost
peripheral side of the display area, liquid crystal of the
outside thereof is not driven, and thus a domain (alignment
defect) occurs. According to the embodiment of the present
disclosure, the domain occurring on the further outer periph-
eral side of the sub-pixels of the outermost peripheral side of
the display area can be made into an unrecognizable state by
the light shield layer of the non-display area. For this reason,
according to the liquid crystal display panel of the embodi-
ment of the present disclosure, even when the dummy pixel
is provided, the deterioration of the display image quality of
the sub-pixels of the outermost peripheral side of the display
area is reduced.

[0029] In the liquid crystal display panel of the embodi-
ment of the present disclosure, it is preferable that the pair
of electrodes are formed of a lower electrode, an insulating
film formed on the lower electrode, and an upper electrode
formed on the insulating film and provided with a slit-
shaped aperture curved along the shape of the sub-pixel.
[0030] According to the liquid crystal display panel of the
embodiment of the present disclosure, it is possible to obtain
the FFS mode liquid crystal display panel having the effect
of the present disclosure.

[0031] In the liquid crystal display panel of the embodi-
ment of the present disclosure, it is preferable that the pair
of electrodes are opposed to each other in a pectinated shape,
and are curved along the shape of the sub-pixel.

[0032] According to the liquid crystal display panel of the
embodiment of the present disclosure, it is possible to obtain
the IPS mode liquid crystal display panel having the effect
of the present disclosure.

[0033] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0034] FIG. 1 is a plan view illustrating a display area of
a liquid crystal display panel of a first embodiment.

[0035] FIG. 2 is an enlarged view of a part II shown in
FIG. 1.
[0036] FIG. 3is a cross-sectional view taken along the line

shown in FIG. 2.

[0037] FIG. 4is a cross-sectional view taken along the line
IV-IV shown in FIG. 2.

[0038] FIG. 5 is a plan view illustrating a liquid crystal
display panel of a second embodiment.

[0039] FIG. 6 is a plan view illustrating a liquid crystal
display panel of a third embodiment.

[0040] FIG. 7 is a plan view illustrating a liquid crystal
display panel of a fourth embodiment.

[0041] FIG. 8A to FIG. 8C are plan views illustrating a
display area of a liquid crystal display panel of the related
art.

DETAILED DESCRIPTION

[0042] Hereinafter, embodiments of the present disclosure
will be described with reference to the drawings, exempli-



US 2017/0068138 A1l

fying a case of an FFS mode transverse electric field type
liquid crystal display panel. However, the following
embodiments do not intend that the present disclosure is
limited to the description, and the present disclosure may be
applied to various modifications in the same manner without
deviating from the technical concept described in the
Claims. In the drawings for description in the specification,
the scales are different according to layers and members in
order that the layers and members are recognizable on the
drawings, and they are not necessarily proportional to the
actual size.

First Embodiment

[0043] A configuration of main parts of a liquid crystal
display panel 10 of a first embodiment will be described with
reference to FIG. 1 to FIG. 4. The liquid crystal display
panel 10 operates in the FFS mode, and has a plurality of
sub-pixels 11 arranged in a matrix. In the liquid crystal
display panel 10, a liquid crystal layer LC is interposed
between an array substrate AR and a color filter substrate CF
as shown in FIG. 3 and FIG. 4. A base substrate of the array
substrate AR is a first transparent substrate 12 formed of
transparent insulating glass, quartz, plastic, or the like. On
the first transparent substrate 12, scanning lines 13 formed
of metal such as opaque aluminum and molybdenum are
formed in the X-axis direction (line direction) shown in FIG.
2 on the side coming in contact with the liquid crystal layer
LC. A gate electrode G is provided to extend from the
scanning line 13, for example, on the left downside of each
sub-pixel 11.

[0044] A transparent gate insulating film 14 formed of
silicon nitride or silicon oxide is laminated to cover the
scanning line 13 and the gate electrode G. A semiconductor
layer 15 formed of amorphous silicon or polycrystalline
silicon is formed on the gate insulating film 14 overlapping
with the gate electrode G in the plan view. A plurality of
signal lines 16 formed of metal such as aluminum and
molybdenum is formed on the gate insulating film 14 in the
Y-axis direction (column direction) shown in FIG. 1. Each of
areas partitioned by the scanning lines 13 and the signal lines
16 is a sub-pixel area. A source electrode S is provided to
extend from the signal line 16, and the source electrode S
comes in partial contact with the surface of the semicon-
ductor layer 15.

[0045] A drain electrode D simultaneously formed of the
same material as that of the signal line 16 and the source
electrode S is provided on the gate insulating film 14, and the
drain electrode D is provided close to the source electrode S
to come in partial contact with the surface of the semicon-
ductor layer 15. Since one substantially square pixel (not
shown) is configured by three sub-pixels of R (red), G
(green), and B (blue), the sub-pixels 11 trisecting the pixel
are rectangular in which the side of the scanning line 13 is
a short side and the side of the signal line 16 is a long side.
A thin film transistor TFT that is a switching element is
configured by the gate electrode G, the gate insulating film
14, the semiconductor layer 15, the source electrode S, and
the drain electrode D, and each sub-pixel 11 is provided with
the TFT.

[0046] A transparent passivation film 17 formed of, for
example, silicon nitride or silicon oxide is laminated to
cover an exposed part of the signal line 16, the thin film
transistor TFT, and the gate insulating film 14. An interlayer
resin film 18 formed of a transparent resin material such as
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photoresist is laminated to cover the passivation film 17. A
lower electrode 19 formed of a transparent conductive
material such as ITO (Indium Thin Oxide) and IZO (Indium
Zinc Oxide) is formed to cover the interlayer resin film 18.
A contact hole 20 passing through the first interlayer resin
film 18 and the passivation film 17 and reaching the drain
electrode D is formed, and the lower electrode 19 and the
drain electrode D are electrically connected to each other
through the contact hole 20. For this reason, the lower
electrode 19 operates as a pixel electrode.

[0047] A transparent interlayer insulating film 21 formed
of, for example, silicon nitride or silicon oxide is laminated
to cover the lower electrode 19. An upper electrode 22
formed of a transparent conductive material such as ITO or
170 is formed to cover the interlayer insulating film 21. In
the liquid crystal display device 10 of the first embodiment,
the upper electrode 22 is connected (not shown) to a
common line at a peripheral portion of the display area, and
operates as a common electrode. In the liquid crystal display
device 10, the upper electrode may operate as a pixel
electrode, and the lower electrode may operate as a common
electrode.

[0048] As shown in FIG. 2, the upper electrode 22 is
provided with a plurality of slit-shaped apertures 23. The
slit-shaped apertures 23 are formed by exposing, develop-
ing, and then etching a photoresist material applied onto the
surface of the upper electrode 22 according to photolithog-
raphy. A specific shape and the like of the slit-shaped
apertures 23 will be described later. A first alignment film 24
formed of polyimide is laminated to cover the upper elec-
trode 22. Aliquid crystal direction alignment process, that is,
a rubhing process is performed on the first alignment film 24
in the Y-axis direction (a direction substantially parallel to
the extending direction of the signal line 16) shown in FIG.
2.

[0049] A base substrate of the color filter substrate CF is
a second transparent substrate 25 formed of transparent
insulating glass, quartz, plastic, or the like. The second
transparent substrate 25 is provided with a light shield layer
26 and a color filter layer 27 passing different colors of light
(e.g., R (red), G (green), and B (blue)) for each sub-pixel.
The light shield layer 26 is formed of a part formed to
overlap with the scanning line 13, the signal line 16, the
TFT, and the drain electrode D in the plan view, and a part
covering a non-display area of the second transparent sub-
strate 25 to form the apertures of the display area. The
display area is an area where an image recognizable by a
user is substantially displayed.

[0050] The color filter layer 27 is formed in the area of the
sub-pixel 11 where the light shield layer 26 is not formed. An
overcoat layer 28 formed of, for example, a transparent resin
material such as photoresist is laminated to cover the light
shield layer 26 and the color filter layer 27. The overcoat
layer 28 is formed to planarize a level difference caused by
the color filter layer 27 for a different color and to prevent
impurities flowing out of the light shield layer 26 or the color
filter layer 27 from entering the liquid crystal layer LC. A
second alignment film 29 formed of polyimide is formed to
cover the overcoat layer 28. A rubbing process in the reverse
direction to the first alignment film 24 is performed on the
second alignment film 29.

[0051] The array substrate AR and the color filter substrate
CF formed as described above are opposed to each other, a
seal member (not shown) is provided in the periphery of
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both substrates to bond and combine both substrates, thereby
obtaining a liquid crystal display panel 10 according to the
first embodiment. A spacer (not shown) for keeping the
liquid crystal layer LC to be a predetermined thickness is
formed on the color filter substrate CF. The array substrate
AR has an extending portion 32 in which a driver terminal
30 and a flexible printed board terminal 31 are provided. A
part other than the extending portion 32 of the array sub-
strate AR is adhered to the color filter substrate CF.

[0052] In the configuration described above, when the
TFT is turned on and voltage is applied between the lower
electrode 19 and the upper electrode 22, an electric field
occurs between both electrodes 19 and 22 to change an
alignment direction of liquid crystal molecules of the liquid
crystal layer LC. Accordingly, optical transmissivity of the
liquid crystal layer LC is changed to display an image.
Assistant capacitance is incidentally formed by the lower
electrode 19, the upper electrode 22, and the interlayer
insulating film 21. When the TFT is turned off; the electric
field between both electrodes 19 and 22 is kept for a
predetermined time.

[0053] The slit-shaped apertures 23 formed in the upper
electrode 22 will be described with reference to FIG. 2. In
the FFS mode liquid crystal display panel 10, the electric
field occurs due to a potential difference between the upper
electrode 22 and the lower electrode 19 positioned under the
slit-shaped apertures 23. The electric field occurs substan-
tially in parallel to the face of the array substrate AR, and the
direction of the electric field in the plan view is a perpen-
dicular line direction of an edge of the slit-shaped aperture
23. Since the electric field direction is different from the
electric field direction of the long side part of the slit-shaped
aperture 23 at both ends of the slit-shaped aperture 23, a
reverse twist domain occurs. In the reverse twist domain,
since normal displaying is not performed, a decrease of an
aperture ratio is caused.

[0054] Around both ends of the slit-shaped apertures 23,
there are areas for closing the slit-shaped apertures 23, and
thus the aperture ratio further decreases. Since the sub-pixel
11 in the liquid crystal display panel 10 of the embodiment
is longitudinal, the number of end portions of the slit-shaped
apertures 23 when the slit-shaped apertures 23 extend in the
transverse direction is greatly increased. In the liquid crystal
display panel 10 of the embodiment, as shown in FIG. 2, the
extending direction of the slit-shaped aperture 23 is the
extending direction (Y-axis direction shown in FI1G. 2) of the
signal lines 16, thus the number of end portions of the
slit-shaped apertures 23 is reduced, and the aperture ratio is
prevented from being lowered.

[0055] The extending direction of the slit-shaped apertures
23 is inclined by a predetermined angle (e.g., about 5° to
about 15°) with respect to the direction of the rubbing
process. Accordingly, the liquid crystal molecules can be
rotated in the same direction. When all the slit-shaped
apertures 23 are rotated clockwise or anticlockwise, the
liquid crystal molecules can be twisted. Accordingly, a
phenomenon of changing a color according to a view
direction occurs. The reason is because retardation in the
external view is changed according to the direction of
viewing the liquid crystal molecules. To reduce the phenom-
enon, the liquid crystal display panel 10 of the embodiment
is provided with two domains in which the extending
direction of the slit-shaped apertures 23 is inclined in the
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positive and negative reverse direction with respect to the
clockwise direction. That is, it is the multi-domain process.
[0056] When the slit-shaped apertures 23 of the domains
in different alignment directions are separated, the end
portions of the slit-shaped aperture 23 increases. Accord-
ingly, the area where the normal displaying is not performed
becomes wide, and thus the aperture ratio decreases. In the
liquid crystal display panel 10 of the embodiment, as shown
in FIG. 2, the slit-shaped aperture 23 is provided with a
curved portion 33 in a “<” shape, and the domains in the
different alignment directions are connected. The curved
portion 33 of the slit-shaped aperture 23 is formed of an
inner angle side curved portion 33« formed at an edge of the
inner angle side, and an outer angle side curved portion 335
formed at an edge of the outer angle side. As described
above, when the slit-shaped aperture is curved in the “<”
shape, the area where the normal displaying is not performed
is reduced as compared with the case of separating the
slit-shaped apertures 23. Accordingly, it is possible to raise
the aperture ratio.

[0057] For this reason, in the liquid crystal display panel
10 of the embodiment, the upper electrode 22 also extends
in the extending direction (Y-axis direction shown in FIG. 2)
of the signal line 16 and is formed in the “<” shape by
providing a curved portion 34. The curved portion 34 of the
upper electrode 22 is also formed of an inner angle side
curved portion 344 formed at an edge of the inner angle side,
and an outer angle side curved portion 345 formed at an edge
of the outer angle side. The signal line 16 is also provided
with a curved portion 35 to be formed in the “<” shape. The
curved portion 35 of the signal line 16 is also formed of an
inner angle side curved portion 35¢ formed at an edge of the
inner angle side, and an outer angle side curved portion 356
formed at an edge of the outer angle side. Accordingly, since
the signal line 16 and the upper electrode 22 are parallel to
the slit-shaped aperture 23, the area where the electric field
strength becomes weak in the liquid crystal display panel
described in Japanese Patent No. 3194127 does not occur.
Therefore, it is possible to prevent brightness from decreas-
ing.

[0058] Inthe liquid crystal display panel 10 of the embodi-
ment, each sub-pixel 11 formed of the area surrounded by
the signal lines 16 and the scanning lines 13 in the plan view
has a shape curved in the “<” shape, by the configuration
described above. A curved point of the inner angle side of
each sub-pixel 11 is Ea, and an angled portion of the outer
angle side among angled portions of four corners of each
sub-pixel 11 is an end point Eb.

[0059] Since the signal line 16 is provided with the curved
portion 35, the light shield layer 26 overlapping with the
signal line 16 of the display area is also curved along the
curved portion 35 of the signal lien 16. However, as shown
in FIG. 1, the light shield layers 26a and 265 of the
non-display area forming the aperture of the rectangular
display area are not curved, and are linearly formed. That is,
in the liquid crystal display panel 10 of the first embodiment,
in the sub-pixel 11a (right end in FIG. 2) in which the
outermost side of the sub-pixel 11 positioned on the outer-
most peripheral side of the display area is the inner angle
side, the light shielding is performed over the curved point
Ea of the inner angle side of the sub-pixel 114 to the display
area side by the light shield layer 26 of the non-display
area. In the sub-pixel 115 (left end in FIG. 2) in which the
outermost side of the sub-pixel 11 positioned on the outer-
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most peripheral side of the display area is the outer angle
side, the light shielding is performed over the end point Eb
of the outer angle side of the sub-pixel 115 to the display
area side by the light shield layer 26a of the non-display
area.

[0060] Accordingly, the signal line 16 formed on the
sub-pixel 11a and 115 sides of both ends of the display area
is shielded by the light shield layers 26a and 265 of the
non-display area, the jaggedness does not occur in the
display area, and it is possible to make the periphery of the
display area smooth.

Second Embodiment

[0061] Next, a liquid crystal display panel 10A according
to a second embodiment will be described with reference to
FIG. 5. In FIG. §, the same reference numerals and signs are
given to the same configuration as the liquid crystal display
panel 10, and the detailed description is omitted. The liquid
crystal display panel 10A of the second embodiment is
different in size of the light shield layer 26 forming the
apertures of the display area from that of the first embodi-
ment.

[0062] In the liquid crystal display panel 10 of the first
embodiment, as shown in FIG. 2, in the sub-pixel 11a (right
end in FIG. 2) in which the outermost side of the sub-pixel
11 positioned on the outermost peripheral side of the display
area is the inner angle side, the light shielding is performed
over the curved point Ea of the inner angle side of the
sub-pixel 11a to the display area side by the light shield layer
26a of the non-display area. In the sub-pixel 115 (left end in
FIG. 2) in which the outermost side of the sub-pixel 11
positioned on the outermost peripheral side of the display
area is the outer angle side, the light shielding is performed
over the end point Eb of the outer angle side of the sub-pixel
115 to the display area side by the light shield layer 265 of
the non-display area. With such a configuration, even when
there is superposition misalignment between the array sub-
strate AR and the color filter substrate CF, or production
error, it is possible to make the periphery of the display area
smooth.

[0063] However, in the liquid crystal display panel 10 of
the first embodiment, the light shielding is performed on the
display area by the light shield layers 26a and 264 of the
non-display area. Accordingly, the area of the sub-pixel of
the outermost peripheral side is reduced. and thus the
sub-pixel becomes darker than the sub-pixels of the other
parts. In the liquid crystal display panel 10A of the second
embodiment, the jaggedness does not occur in the periphery
of the display area and the sub-pixel of the outermost
peripheral side becomes the brightest.

[0064] In the liquid crystal display panel 10A of the
second embodiment, when the sub-pixel positioned on the
outermost peripheral side of the display area is the sub-pixel
11a in which the outermost side is the inner angle side, the
light shield layer 26a of the non-display area is formed to
pass through the curved point Ea of the inner angle side of
the sub-pixel 11a. In addition, when the sub-pixel positioned
on the outermost peripheral side of the display area is the
sub-pixel 114 in which the outermost side is the outer angle
side, the light shield layer 26a of the non-display area is
formed to pass through the end point Eb of the outer angle
side of the sub-pixel.

[0065] According to the liquid crystal display panel 10A
of the second embodiment with such a configuration, the

Mar. 9, 2017

signal lines 16 are shielded by the light shield films 26a and
26b. Accordingly, the jaggedness does not occur in the
periphery of the display area. According to the liquid crystal
display panel 10A of the second embodiment, when the
display area side is further covered by the light shield layers
26a and 265 of the non-display area, the jaggedness does not
occur in the periphery of the display area. However, the
aperture area of the sub-pixel is reduced, and thus the
sub-pixel becomes dark. On the contrary, when the light
shield layers 26a and 265 of the non-display area are
retreated to the non-display area, the aperture area of the
sub-pixel is increased to be bright. However, the signal line
16 appears in the periphery of the display area, and thus the
jaggedness occurs.

[0066] According to the liquid crystal display panel 10A
of the second embodiment shown in FIG. 5, the jaggedness
does not occur in the periphery of the display area, and it
becomes the brightest state. In liquid crystal display panel of
the second embodiment, the jaggedness does not occur in the
periphery of the display area even in any of the sub-pixels
11a and 115 of the outermost peripheral side, and it becomes
the brightest state, but both are not necessarily in such a
state. That is, only one side of the sub-pixels 11a and 115 of
the outermost peripheral side may employ the same con-
figuration as the case of the liquid crystal display panel 10A
of the second embodiment, and the other side may employ
the same configuration as the case of the liquid crystal
display panel 10 of the first embodiment.

Third Embodiment

[0067] Next, a liquid crystal display panel 10B according
to a third embodiment will be described with reference to
FIG. 6. In FIG. 6, the same reference numerals and signs are
given to the same configuration as the liquid crystal display
panel 10 of the first embodiment, and the detailed descrip-
tion is omitted. The liquid crystal display panel 10B of the
third embodiment is different from that of the first embodi-
ment in regard to the size of the sub-pixels 11a and 115 of
the outermost peripheral side of the display area.

[0068] In the liquid crystal display panel 10 of the first
embodiment, as shown in FIG. 2, the sub-pixels 11 have the
same size, including the sub-pixels 1la and 115 of the
outermost peripheral side of the display area. In this respect,
in the liquid crystal display panel 10B of the third embodi-
ment, as shown in FIG. 6, a width of the sub-pixels 11 other
than both ends of the display area is WM, a width of the
sub-pixel 114 of the right end is WR (WR>WM) larger than
WM, and a width of the sub-pixel 115 of the left end is WL
(WL>WM) larger than WM.

[0069] With such a configuration, even when most of the
display area side is covered by the light shield layers 264 and
264 to solve the jaggedness of the sub-pixels 11a and 115 of
the peripheral portion of the display area, the aperture areas
of the sub-pixels 11a¢ and 115 of the periphery of the display
area can be made equal to the aperture area of the sub-pixels
11 of the other parts. For this reason, according to the liquid
crystal display panel 10B of the third embodiment, the
Jaggedness does not occur in the sub-pixels 11a and 115 of
the peripheral portion of the display area, and the aperture
ratio of the sub-pixels 11a and 115 of the peripheral portion
of the display area can be made equal to the aperture ratio
of the sub-pixels 11 of the other parts. Accordingly, it is
possible to suppress a coloring defect or a decrease of
brightness in the peripheral portion.
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Fourth Embodiment

[0070] Next, a liquid crystal display panel 10C according
to a fourth embodiment will be described with reference to
FIG. 7. In FIG. 7, the same reference numerals and signs are
given to the same configuration as the liquid crystal display
panel 10 of the first embodiment, and the detailed descrip-
tion is omitted. The liquid crystal display panel 10C of the
fourth embodiment is different from that of the liquid crystal
display panel 10 of the first embodiment in respect to the
presence or absence of a dummy pixel of the non-display
area.

[0071] As shown in FIG. 7, in the liquid crystal display
panel 10C of the fourth embodiment, in the non-display area
covered with the light shield layer 26, a dummy pixel 36 is
provided adjacent to the outer peripheral side of the sub-
pixel of the display area. The dummy pixel 36 has the same
configuration as that of the sub-pixel 11, but is different from
the sub-pixels 11, 11q, and 115 of the display area, and the
electric field is not applied to the liquid crystal layer LC. For
example, the dummy pixel 36 simulates the same configu-
ration as that of the sub-pixel, forms a dummy pixel elec-
trostatic protective circuit, and is used to form a protective
unit against the infiltration of static electricity from the
outside.

[0072] As described above, when the area where the
electric field is applied and the area where the electric field
is not applied are adjacent at the boundary portion between
the display area and the non-display area, the alignment of
the display area where the electric field is applied is disar-
ranged, and thus a domain (alignment defect) occurs. How-
ever, in the liquid crystal display panel 10C of the fourth
embodiment, the domain occurring on the further peripheral
side of the sub-pixels 11¢ and 115 of the outermost periph-
eral side of the display area can be made into a state where
it is not recognizable by the light shield layers 26a and 265
of the non-display area. Accordingly, there is no adverse
influence on display image quality.

[0073] In the embodiment described above, the example
of the FFS mode liquid crystal display panel in which the
sub-pixel is provided with one curved portion curved in the
“<” shape is described, but the present disclosure may be
applied to an FFS mode liquid crystal display panel in which
the sub-pixel is provided with a plurality of zigzag curved
portions. In the embodiment described above, the example
of the FFS mode liquid crystal display panel in which one
curved portion curved in the “<” shape along the signal line
is formed as the sub-pixel is described, but the present
disclosure may be applied to an FFS mode liquid crystal
display panel provided with one curved portion or a plurality
of zigzag curved portions curved in the “<” shape along the
signal line is formed as the sub-pixel. In the embodiment
described above, the example of the FFS mode liquid crystal
display panel is described, but the present disclosure may be
applied to the IPS mode liquid crystal display panel.
[0074] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
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Such changes and modifications can be made without
departing from the spirit and scope of the present subject
matter and without diminishing its intended advantages. Tt is
therefore intended that such changes and modifications be
covered by the appended claims.

The invention is claimed as follows:

1. A liquid crystal display panel comprising:

a plurality of sub-pixels arranged in first and second
directions in a display area, each of the sub-pixels
having a first side that is bent in a protruding shape in
the first direction, and a second side that is bent in a
recessed shape in the first direction,

a light shield layer provided outside the display area, and

a plurality of shield-area-sub-pixels that are arranged in a
non-display area outside the display area, and that are
covered by the light shield layer,

wherein the shield-area-sub-pixels in the non-display area
have widths in the first direction wider than widths in
the first direction of the sub-pixels in the display area.

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

wherein the light shield layer is formed to shield at least
an innermost portion of the first side of a sub-pixel,
among the plurality of sub-pixels, arranged at an end
portion of the display area in the first direction and an
innermost portion of the second side of a sub-pixel,
among the plurality of sub-pixels, arranged at the other
end portion of the display area.

3. The liquid crystal display panel according to claim 1,
wherein signal lines and scanning lines are formed on one
side of the pair of substrates, and the signal lines, and the
scanning lines are curved along the shape of the sub-pixels.

4. The liquid crystal display panel according to claim 1,
wherein when an outermost side of the sub-pixel positioned
on an outermost peripheral side of the display area is an
inner angle side, the light shield layer of the non-display area
is formed to pass through a curved point of the inner angle
side of the sub-pixel.

5. The liquid crystal display panel according to claim 1,
wherein when an outermost side of the sub-pixel positioned
on an outermost peripheral side of the display area is an
outer angle side, the light shield layer of the non-display area
is formed to pass through an end point of the outer angle side
of the sub-pixel.

6. The liquid crystal display panel according to claim 1,
wherein the shield-area-sub-pixels are dummy pixels, the
dummy pixels are in an inactive state.

7. The liquid crystal display panel according to claim 1,
wherein the pair of electrodes are formed of a lower elec-
trode, an insulating film formed on the lower electrode, and
an upper electrode formed on the insulating film and pro-
vided with a slit-shaped aperture curved along the shape of
the sub-pixel.

8. The liquid crystal display panel according to claim 1,
wherein the pair of electrodes are opposed to each other in
a pectinate shape, they are curved along the shape of the
sub-pixel.
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