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DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2018-156458, filed Aug. 23, 2018, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
display device and a liquid crystal display device.

BACKGROUND

[0003] As adisplay device, a liquid crystal display device
is known. A liquid crystal display device is used in various
types of fields as the display device of office automation
(OA) equipment, etc., such as a personal computer and a
television, utilizing the characteristics such as lightness,
slimness and low energy consumption. Recently, a liquid
crystal display device is used as the display device of a
mobile device such as a mobile phone, car navigation
equipment, a game console, etc.

[0004] The shape of a display area which displays an
image is required to be adapted to a non-rectangle such as a
circle or ellipse in addition to a rectangle having four
right-angled corners.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a plan view showing the external appear-
ance of a display device according to an embodiment.
[0006] FIG. 2 is a plan view showing a structural example
in which signal sources are mounted in the display panel
shown in FIG. 1.

[0007] FIG. 3 shows the basic structure and the equivalent
circuit of the display panel shown in FIG. 1.

[0008] FIG. 4 is a plan view showing a structural example
of a subpixel when the first substrate shown in FIG. 1 is
viewed from the second substrate side.

[0009] FIG. 5 is a plan view showing a structural example
of a pixel electrode provided in a subpixel.

[0010] FIG. 6 is a cross-sectional view showing the dis-
play panel along the line VI-VI of FIG. 4.

[0011] FIG. 7 is a plan view showing an area including a
round portion and a short side of the display area of the
display panel, and is shown for explaining the relationship
between an ideal display area and a plurality of pixels.
[0012] FIG. 8 is a plan view showing part of the area
including the round portion and the short side shown in FIG.
7, and shows a light-shielding layer and a plurality of
aperture regions.

[0013] FIG. 9 is a plan view showing part of the area
including the round portion shown in FIG. 7, and shows the
light-shielding layer and a plurality of aperture regions.
[0014] FIG. 10 is a plan view showing the area including
the round portion and the short side shown in FIG. 7, and is
shown for explaining a method for distinguishing a first
round area from a second round area.

[0015] FIG. 11 is a plan view showing an area including
a round portion and a long side of the display area of the
display panel, and is shown for explaining the relationship
between an ideal display area and a plurality of pixels.
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[0016] FIG. 12 is a plan view showing part of the area
including the round portion shown in FIG. 11, and shows the
light-shielding layer and a plurality of aperture regions.
[0017] FIG. 13 is a plan view showing an array of pixels
in the display panel.

[0018] FIG. 14 is a plan view showing a unit pixel of the
display panel, and shows scanning lines, signal lines, pixel
electrodes and the light-shielding layer.

[0019] FIG. 15 is a plan view showing a third pixel of the
display panel, and shows scanning lines, signal lines, pixel
electrodes and the light-shielding layer.

[0020] FIG. 16 is a plan view showing a fourth pixel of the
display panel, and shows scanning lines, signal lines, pixel
electrodes and the light-shielding layer.

[0021] FIG. 17 is a plan view showing an area including
the round portion of the display area of the display panel of
the display device of modification example 1 of the embodi-
ment, and shows the light-shielding layer and a plurality of
aperture regions.

[0022] FIG. 18 is a plan view showing a structural
example of a common electrode and a pixel electrode
provided in a pixel of the display device of modification
example 2 of the embodiment.

[0023] FIG. 19 is a plan view showing an area including
the round portion of the display area of the display panel of
the display device of modification example 3 of the embodi-
ment, and shows the light-shielding layer and a plurality of
aperture regions.

[0024] FIG. 20 is a plan view showing the first pixel
shown in FIG. 19, and shows scanning lines, signal lines,
pixel electrodes and the light-shielding layer.

[0025] FIG. 21 is a plan view showing the external appear-
ance of the display device of modification example 4 of the
embodiment, and shows the display area, etc.

[0026] FIG. 22 is a plan view showing the external appear-
ance of the display device of modification example 5 of the
embodiment, and shows the display area, etc.

[0027] FIG. 23 is a plan view showing part of the display
device of FIG. 22.

DETAILED DESCRIPTION

[0028] In general, according to one embodiment, there is
provided a display device comprising: a first area; a second
area adjacent to the first area; a boundary between the first
area and the second area, the boundary comprising a linear
first boundary parallel to a first direction and a curved
second boundary connected to the first boundary, the bound-
ary surrounding the first area; and a light-shielding layer
comprising a first light-shielding portion located in the
second area, and adjusting a light-transmissive area. An end
portion of the first light-shielding portion on the first area
side comprises: a linear first end portion located on the first
boundary; a curved second end portion located on the
second boundary in a first round area through which the
second boundary passes and in which an angle between a
tangent to the second boundary and an extension of the first
boundary is less than a reference value; and a stepwise third
end portion which extends such that the third end portion is
bent in a second round area through which the second
boundary passes and in which the angle is greater than or
equal to the reference value.

[0029] According to another embodiment, there is pro-
vided a display device comprising: a first area; a second area
adjacent to the first area; a boundary between the first area
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and the second area, the boundary comprising a linear first
boundary parallel to a first direction and a curved second
boundary connected to the first boundary, the boundary
surrounding the first area; a plurality of pixels arranged in
matrix in the first direction and a second direction intersect-
ing the first direction, each of the pixels comprising a
plurality of subpixels of a plurality of colors arranged in the
first direction; and a light-shielding layer comprising a first
light-shielding portion located in the second area, and form-
ing an outline of an aperture region of each of the subpixels.
The pixels include: N or more pixels continuously arranged
in the first direction in a first round area through which the
second boundary passes; a pixel located in a second round
area through which the second boundary passes, or less than
N pixels continuously arranged in the first direction in the
second round area; and a plurality of pixels located in a first
display area which includes a straight area and does not
include the first round area and the second round area, the
straight area through which the first boundary passes and
which extends in parallel with the first boundary in the first
area. An end portion of the first light-shielding portion on the
first area side comprises: a linear first end portion located on
the first boundary in the straight area; a curved second end
portion located on the second boundary in the first round
area; and a stepwise third end portion which extends such
that the third end portion is bent in the first direction and the
second direction in the second round area.

[0030] According to another embodiment, there is pro-
vided a liquid crystal display device comprising: a substrate
comprising a short side in a first direction, a long side in a
second direction and a round portion connecting the short
side and the long side; and a plurality of pixels formed on the
substrate and comprising a plurality of aperture regions
defined by a light-shielding layer. The pixels include a first
pixel group comprising a first aperture region provided
along the short side, a second pixel group comprising a
second aperture region provided along the round portion,
and a third pixel group comprising a third aperture region
provided along the round portion. The light-shielding layer
includes a first linear portion formed along the short-side
side of the first aperture region, a curved portion formed
along the round portion side of the second aperture region,
and a second linear portion formed along the short-side side
of'the third aperture region. The first aperture region is larger
than the third aperture region.

[0031] Embodiments will be described hereinafter with
reference to the accompanying drawings. The disclosure is
merely an example, and proper changes in keeping with the
spirit of the invention, which are easily conceivable by a
person of ordinary skill in the art, come within the scope of
the invention as a matter of course. In addition, in some
cases, in order to make the description clearer, the widths,
thicknesses, shapes and the like, of the respective parts are
illustrated schematically in the drawings, rather than as an
accurate representation of what is implemented. However,
such schematic illustration is merely exemplary, and in no
way restricts the interpretation of the invention. In addition,
in the specification and drawings, the same elements as those
described in connection with preceding drawings are
denoted by like reference numbers, and detailed description
thereof is omitted unless necessary.

[0032] Inthe beginning, the basic idea of the embodiments
of the present invention is explained.
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[0033] In a color display type of liquid crystal display
device, each pixel comprises, for example, red, green and
blue subpixels. When part of the subpixels constituting each
pixel is shielded from light by a light-shielding member
provided on the external side of a liquid crystal display
panel, the color balance of pixels may be lost. Thus, the
displayed color may be different from a desired color. For
example, when only part of the red subpixel is shielded from
light, the aperture ratio (light transmittance or light reflec-
tance) of red is reduced in the pixel as a whole. Thus, a
desired color cannot be displayed.

[0034] To prevent this color deviation, each pixel in which
part of the subpixels is shielded from light may be entirely
shielded by a light-shielding layer such as a black matrix.
However, in this method, the display area is reduced by the
shielded portion. Further, the edge of the display area is
formed by a dot-pattern. Thus, the smoothness of the outline
of'the round portion of the display area becomes insufficient,
thereby degrading the visual quality. It goes without saying
that the outline of the round portion is nonlinear and curved.
It is assumed that the round portion of the display area refers
to a corner portion which seems to be bent or curved when
it is viewed by the user of the display device in normal use.
The round portion does not refer to a microscopic portion
which is round when it is viewed with an optical device such
as a microscope.

[0035] Each embodiment of the present invention pro-
vides a liquid crystal display device with excellent display
quality by investigating the cause of the above problem and
solving the problem. Now, this specification explains the
means and methods for solving the problem.

Embodiment

[0036] This specification explains a display device accord-
ing to an embodiment.

[0037] FIG. 1 is a plan view showing the external appear-
ance of the display device DSP according to the embodi-
ment. The plan view shows the display device DSP in the
X-Y plane defined by a first direction X and a second
direction Y intersecting each other. In the figure, a fifth
direction Z is a direction intersecting the first direction X and
the second direction Y. For example, the first direction X, the
second direction Y and the fifth direction Z intersect at right
angles. However, they may intersect at other angles. In this
specification, the direction of the arrow indicating the fifth
direction Z is referred to as “upward” (or toward the upper
side). The opposite direction of the arrow indicating the fifth
direction Z is referred to as “downward” (or toward the
lower side). It is assumed that the position of observation for
observing the display device DSP is on the point side of the
arrow indicating the fifth direction Z. A plan view is defined
as appearance when the X-Y plane is viewed from the
position of observation.

[0038] In the present embodiment, the display device DSP
is a liquid crystal display device. The display device DSP
comprises a display panel PNL, etc. The display panel PNL
is a liquid crystal display panel and comprises a first
substrate SUB1 as an array substrate, a second substrate
SUB2 as a counter-substrate and a liquid crystal layer (the
liquid crystal layer LC described later). The second substrate
SUB2 faces the first substrate SUB1 with a predetermined
gap therebetween. The display panel PNL comprises a
display area DA which displays an image, and a non-display
area NDA other than the display area DA. In the present
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embodiment, the non-display area NDA surrounds the dis-
play area DA and has a frame shape. The non-display area
NDA includes a mounting area MA in which signal sources
such as an IC chip and a flexible printed circuit are mounted.
[0039] Regarding the external appearance of the display
panel PNL, the first substrate SUB1 comprises a pair of short
sides SS11 and SS12 extending in the first direction X, a pair
of long sides LLS11 and [S12 extending in the second
direction Y and four round portions R11 to R14. The second
substrate SUB2 comprises a short side SS21 overlapping the
short side SS11, long sides 1.S21 and [.S22 overlapping the
long sides [.S11 and [L.S12, respectively, round portions R21
and R22 overlapping the round portions R11 and R12,
respectively, and a short side SS22. The short side SS22 does
not overlap the short side SS12. More specifically, the
second substrate SUB2 comprises a round portion R23
connecting the short side SS22 and the long side [.S21 and
a round portion R24 connecting the short side SS22 and the
long side .S22. The round portion R23 partially overlaps the
round portion R13. The round portion R24 partially overlaps
the round portion R14. The mounting area MA is located
between the short side SS12 and the short side SS22 on the
first substrate SUBI.

[0040] The display area DA comprises a pair of short sides
SS1 and SS2 extending in the first direction X, a pair of long
sides 1.S1 and L.S2 extending in the second direction Y and
four round portions Ra, Rb, Rc and Rd. The short sides SS1
and SS2 and the long sides L.S1 and [.S2 are equivalent to
linear portions connecting adjacent round portions.

[0041] More specifically, between the round portions R
indicating the outline of the display area DA and their
corresponding round portions R of the first and second
substrates SUB1 and SUB2, the radii of curvature defining
the round portions R may be equal to each other or may be
different from each other.

[0042] The width of the mounting area MA, that is, the
distance between the short side SS12 and the short side
SS22, is substantially equal to, or less than or equal to the
width of the non-display area NDA on the longitudinal side,
that is, the distance between the long side L.S1 and the long
side LS11 (the distance between the long side L.S2 and the
long side 1.S12).

[0043] The display panel PNL of the present embodiment
may be a transmissive display panel which comprises a
transmissive display function for displaying an image by
selectively transmitting light from the rear side of the first
substrate SUBI, a reflective display panel which comprises
a reflective display function for displaying an image by
selectively reflecting light from the front side of the second
substrate SUB2, or a transreflective display panel which
comprises a transmissive display function and a reflective
display function.

[0044] FIG. 2 is a plan view showing a structural example
in which signal sources are mounted on the display panel
PNL shown in FIG. 1.

[0045] As shown in FIG. 2, the display device DSP
comprises a flexible printed circuit F mounted in the mount-
ing area MA of the display panel PNL, and an IC chip CP
mounted on the flexible printed circuit F. For example, a
display driver DD which outputs signals necessary for image
display is incorporated into the IC chip CP. In the figure, the
IC chip CP is indicated by alternate long and short dash
lines. The display driver DD is indicted by dashed lines.
Thus, a chip-on-film (COF) structure is provided. Here, the
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display driver DD includes at least part of a signal line drive
circuit SD, a scanning line drive circuit GD and a common
electrode drive circuit CD as described later. It should be
noted that the structure is not limited to the example shown
in the figure. The IC chip CP may be mounted in the
mounting area MA. In other words, a chip-on-glass (COG)
structure may be provided. In the present embodiment, the
core substrate (first insulating substrate 10 described later)
of'the first substrate SUBI is a glass substrate. However, the
core substrate may be a substrate other than a glass substrate,
such as a flexible resinous substrate.

[0046] FIG. 3 shows the basic structure and the equivalent
circuit of the display panel PNL shown in FIG. 1.

[0047] As shown in FIG. 3, the display panel PNL com-
prises a plurality of subpixels SP in the display area DA. The
subpixels SP are arranged in the first direction X and the
second direction Y and are arrayed in a matrix. At least three
subpixels SP constitute each pixel. In the present embodi-
ment, three subpixels SP adjacent in the first direction X
constitute each pixel. The display panel PNL comprises a
plurality of scanning lines G, a plurality of signal lines S, a
common electrode CE, etc., in the display area DA. The
scanning lines G extend in the first direction X and are
arranged at intervals in the second direction Y. The signal
lines S extend in the second direction Y and are arranged at
intervals in the first direction X. The scanning lines G or the
signal lines S may not linearly extend. They may be partially
curved. The common electrode CE is provided over the
subpixels SP and shared by the subpixels SP.

[0048] The scanning lines G are connected to the scanning
line drive circuit GD. The signal lines S are connected to the
signal line drive circuit SD. The common electrode CE is
connected to the common electrode drive circuit CD. In the
non-display area NDA, the signal line drive circuit SD, the
scanning line drive circuit GD and the common electrode
drive circuit CD may be formed on the first substrate SUB1.
Alternatively, they may be partially or entirely incorporated
into the IC chip CP shown in FIG. 2. For example, the
scanning line drive circuit GD is provided between the long
side L.S1 and the long side L.S11 and between the long side
L.S2 and the long side [.S12 as shown by the dashed lines in
FIG. 1. However, the layout of the drive circuits is not
limited to the example shown in the drawings.

[0049] Each subpixel SP comprises a switching element
SW, a pixel electrode PE, the common electrode CE, the
liquid crystal layer LC, etc. The switching element SW is
structured by, for example, a thin-film transistor (TFT) and
is electrically connected to the scanning line G and the signal
line S. The scanning line G is connected to the switching
elements SW in the subpixels SP arranged in the first
direction X. The signal line S is connected to the switching
elements SW in the subpixels SP arranged in the second
direction Y. The pixel electrode PE is electrically connected
to the switching element SW. Each pixel electrode PE faces
the common electrode CE, and drives the liquid crystal layer
LC by the electric field generated between the pixel elec-
trode PE and the common electrode CE. For example,
storage capacitance CS is formed between an electrode
having the same potential as the common electrode CE and
an electrode having the same potential as the pixel electrode
PE.

[0050] Here, the explanation of the detailed structure of
the display panel PNL is omitted. In a display mode using a
longitudinal electric field along the normal of the main
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surfaces of the substrates or a display mode using an inclined
electric field inclined with respect to the normal of the main
surfaces of the substrates, the first substrate SUB1 comprises
the pixel electrodes PE, and the second substrate SUB2
comprises the common electrode CE. In a display mode
using a lateral electric field along the main surfaces of the
substrates, the first substrate SUB1 comprises both the pixel
electrodes PE and the common electrode CE. Further, the
display panel PNL may comprise a structure corresponding
to a display mode appropriately using a combination of the
above longitudinal electric field, lateral electric field and
inclined electric field. Here, the main surfaces of the sub-
strates are equivalent to the X-Y plane defined by the first
direction X and the second direction Y.

[0051] FIG. 4 is a plan view showing a structural example
of a subpixel SP when the first substrate SUB1 shown in
FIG. 1 is viewed from the second substrate SUB2 side. Here,
the figure shows only the structures necessary for explana-
tion. The pixel electrode and the common electrode are
omitted.

[0052] As shown in FIG. 4, the first substrate SUB1
comprises scanning lines Gi and Gi+l, signal lines Sj and
Sj+1, the switching element SW, etc.

[0053] The scanning lines Gi and Gi+1 are spaced out in
the second direction Y and extend in the first direction X.
The signal lines Sj and Sj+1 are spaced out in the first
direction X and extend in the second direction Y. In the
example shown in the figure, the signal lines Sj and Sj+1 are
partially bent. However, they may linearly extend in the
second direction Y. The subpixel SP is equivalent to an area
surrounded by the scanning lines Gi and Gi+1 and the signal
lines Sj and Sj+1. The shape of the subpixel SP is not limited
to the example shown in the figure. The shape of the
subpixel SP may be a rectangle having long axes in the
second direction Y. The shape of the subpixel SP may be
arbitrarily changed.

[0054] The switching element SW is electrically con-
nected to the scanning line Gi and the signal line Sj. The
switching element SW of the example shown in the figure
comprises a double-gate structure. The switching element
SW comprises a semiconductor layer SC and a relay elec-
trode RE. The semiconductor layer SC is provided such that
it partially overlaps the signal line Sj and the other portion
extends between the signal lines Sj and Sj+1. The semicon-
ductor layer SC is formed into substantially a U-shape. The
semiconductor layer SC intersects the scanning line Gi in an
area overlapping the signal line Sj and between the signal
lines Sj and Sj+1. In the present embodiment, the semicon-
ductor layer SC intersects the scanning line Gi in two places.
However, the structure is not limited to this example. The
semiconductor layer SC may intersect the scanning line Gi
in a single place or three places.

[0055] In the scanning line Gi, the areas overlapping the
semiconductor layer SC function as gate electrodes GE1 and
GE2, respectively. The semiconductor layer SC is electri-
cally connected to the signal line Sj through a contact hole
CH1 in an end portion SCA. In the other end portion SCB,
the semiconductor layer SC is electrically connected to the
relay electrode RE through a contact hole CH2. The relay
electrode RE is formed into an island shape and is provided
between the signal lines Sj and Sj+1.

[0056] FIG. 5 is a plan view showing a structural example
of'the pixel electrode PE provided in each subpixel SP. Here,
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the figure shows only the structures necessary for explana-
tion. The scanning lines and the switching element are
omitted.

[0057] As shown in FIG. 5, the pixel electrode PE is
provided between the signal lines Sj and Sj+1. The pixel
electrode PE comprises a contact portion PA, a main elec-
trode portion PB and the other end portion PC. The contact
portion PA, the main electrode portion PB and the other end
portion PC are integrally or continuously formed and are
electrically connected to each other.

[0058] The contact portion PA is provided at a position
overlapping the relay electrode RE and is electrically con-
nected to the relay electrode RE through a contact hole CH3.
The main electrode portion PB has a shape along the signal
lines Sj and Sj+1. In the example shown in the figure, the
main electrode portion PB comprises two slits PSL extend-
ing along the signal line Sj. The two slits PSL are spaced out
in the first direction X and have substantially the same width
in the first direction X. The shape of the pixel electrode PE
is not limited to the example shown in the figure and may be
arbitrarily changed in accordance with the shape of the
subpixel SP, etc. Further, the shape or the number of slits
PSL is not limited to the example shown in the figure.
[0059] The common electrode CE overlaps the signal lines
Sj and Sj+1. The pixel electrode PE overlaps the common
electrode CE. The common electrode CE comprises an
opening OP at a position overlapping the relay electrode RE.
[0060] FIG. 6 is a cross-sectional view showing the dis-
play panel PNL along the line VI-VI of FIG. 4. In the
example shown in the figure, a fringe field switching (FFS)
mode, which is one of the display modes using a lateral
electric field, is applied.

[0061] As shown in FIG. 6, the first substrate SUB1
comprises the first insulating substrate 10, a first insulating
layer 11, a second insulating layer 12, a third insulating layer
13, a fourth insulating layer 14, a fifth insulating layer 15, a
lower light-shielding layer US, the semiconductor layer SC,
the scanning line Gi, the signal line Sj, the relay electrode
RE, the common electrode CE, the pixel electrode PE, a first
alignment film AL1, etc.

[0062] The first insulating substrate 10 is a glass substrate.
However, the first insulating substrate 10 is not limited to a
glass substrate and may be an insulating substrate having a
light transmitting property such as a resinous substrate. The
lower light-shielding layer US is located on the first insu-
lating substrate 10 and is covered with the first insulating
layer 11. The lower light-shielding layer US blocks light
from a backlight unit BL to the semiconductor layer SC. The
semiconductor layer SC is located on the first insulating
layer 11 and is covered with the second insulating layer 12.
The semiconductor layer SC is formed of, for example,
polycrystalline silicon. However, the semiconductor layer
SC may be formed of amorphous silicon or an oxide
semiconductor.

[0063] The gate electrodes GE1 and GE2 which are part of
the scanning line Gi are located on the second insulating
layer 12 and are covered with the third insulating layer 13.
It should be noted that the scanning line Gi+1 (not shown)
is provided in the same layer as the scanning line Gi. The
scanning line Gi is formed of a metal material such as
aluminum (Al), titanium (T1), silver (Ag), molybdenum
(Mo), tungsten (W), copper (Cu) and chromium (Cr), or an
alloy prepared by combining these metal materials, and may
have either a single-layer structure or a multi-layer structure.
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In the present embodiment, the scanning line Gi is formed
of a molybdenum-tungsten alloy (MoW). The lower light-
shielding layer US should be preferably located immediately
under the semiconductor layer SC at a position facing the
gate electrodes GE1 and GE2.

[0064] The signal line Sj and the relay electrode RE are
located on the third insulating layer 13 and are covered with
the fourth insulating layer 14. The signal line Sj+1 (not
shown) is provided in the same layer as the signal line S;j.
The signal line Sj and the relay electrode RE are formed of
the same material. For example, the above metal materials
can be applied to the signal line Sj and the relay electrode
RE. The signal line Sj is in contact with the semiconductor
layer SC through the contact hole CH1 penetrating the
second insulating layer 12 and the third insulating layer 13.
The relay electrode RE is in contact with the semiconductor
layer SC through the contact hole CH2 penetrating the
second insulating layer 12 and the third insulating layer 13.

[0065] The common electrode CE is located on the fourth
insulating layer 14 and is covered with the fifth insulating
layer 15. The pixel electrode PE is located on the fifth
insulating layer 15 and is covered with the first alignment
film AL1. The pixel electrode PE partially faces the common
electrode CE. Each of the common electrode CE and the
pixel electrode PE is a transparent electrode formed of a
transparent conductive material such as indium tin oxide
(ITO), indium zinc oxide (IZO) or zinc oxide (ZnO). The
pixel electrode PE is in contact with the relay electrode RE
through the contact hole CH3 penetrating the fourth insu-
lating layer 14 and the fifth insulating layer 15 at a position
overlapping the opening OP of the common electrode CE.

[0066] Each of the first insulating layer 11, the second
insulating layer 12, the third insulating layer 13 and the fifth
insulating layer 15 is an inorganic insulating layer formed of
silicon oxide, silicon nitride, silicon oxynitride, etc., and
may have either a single-layer structure or a multi-layer
structure. The fourth insulating layer 14 is an organic
insulating layer formed of acrylic resin.

[0067] The second substrate SUB2 comprises a second
insulating substrate 20, a light-shielding layer BM, a color
filter CF, an overcoat layer OC, a second alignment film
AL2, etc.

[0068] The second insulating substrate 20 is a glass sub-
strate. However, the second insulating substrate 20 is not
limited to a glass substrate and may be an insulating sub-
strate having a light transmitting property such as a resinous
substrate. The light-shielding layer BM and the color filter
CF are located on a side of the second insulating substrate
20 so as to face the first substrate SUBI1. In the present
embodiment, the light-shielding layer BM is provided at
positions facing circuit portions such as the signal lines Sj
and Sj+1, the scanning lines Gi and Gi+1 and the switching
element SW shown in FIG. 4. In this case, the light-shielding
layer BM is formed into a lattice shape in the display area
DA. The light-shielding layer BM formed into a lattice
shape is also called a black matrix. However, in a manner
different from that of the present embodiment, the light-
shielding layer BM may not be provided at positions facing
the signal lines Sj and Sj+1. In this case, the light-shielding
layer BM extends in the first direction X and is formed into
a stripe shape. In any structure, the light-shielding layer BM
should at least extend in the first direction X and be formed
into a stripe shape.
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[0069] The color filter CF is provided at a position facing
the pixel electrode PE and partially overlaps the light-
shielding layer BM. For example, the color filter CF com-
prises a plurality of first color layers, a plurality of second
color layers and a plurality of third color layers. In the
present embodiment, the first color is red. The second color
is green. The third color is blue. However, the first, second
and third colors are not limited to the present embodiment
and may be other colors. The color filter CF may further
include a transparent or white layer.

[0070] The overcoat layer OC covers the color filter CF.
The overcoat layer OC is formed of transparent resin. The
second alignment film AL2 covers the overcoat layer OC.
Each of the first alignment film AL1 and the second align-
ment film AL2 is formed of, for example, a material having
a horizontal alignment property. For example, as shown in
FIG. 5, the alignment treatment direction AD1 of the first
alignment film AL1 is parallel to the second direction Y. The
alignment treatment direction AD2 of the second alignment
film AL2 is parallel to the alignment treatment direction
AD1 and is opposite to the alignment treatment direction
ADI1.

[0071] The color filter CF may be provided in the first
substrate SUB1. The light-shielding layer BM may be
provided between the color filter CF and the overcoat layer
OC or between the overcoat layer OC and the second
alignment film AL2. In place of the light-shielding layer
BM, two or more layers of different colors may overlap each
other to reduce the transmittance. Thus, the layers may
function as the light-shielding layer. A white subpixel may
be added. A white layer or transparent layer may be provided
in the white subpixel. Without providing a transparent layer,
the overcoat layer OC may be provided.

[0072] The first substrate SUB1 and the second substrate
SUB2 are provided so as to face the first alignment film AL1
and the second alignment film AL2. Although not shown in
the figure, a spacers are formed of a resinous material and
are provided between the first substrate SUB1 and the
second substrate SUB2. In this way, a predetermined cell
gap is defined between the first alignment film AL1 and the
second alignment film AL2. In addition to main spacers
forming the cell gap, the spacers may include a sub-spacers
which are not in contact with one of the substrates in a
stationary state where no external stress is applied to the
display panel PNL. The cell gap is, for example, 2 to 5 um
in length. The first substrate SUB1 and the second substrate
SUB2 are bonded to each other by a sealing member
provided in the non-display area NDA.

[0073] The liquid crystal layer LC is provided between the
first substrate SUB1 and the second substrate SUB2 and is
held between the first alignment film ALL1 and the second
alignment film ALL2. The liquid crystal layer L.C structures
the pixels PX together with the first substrate SUB1 and the
second substrate SUB2. The liquid crystal layer LC contains
liquid crystal molecules LM. The liquid crystal layer L.C is
formed of a positive liquid crystal material (in which the
dielectric anisotropy is positive) or a negative liquid crystal
material (in which the dielectric anisotropy is negative).
[0074] A first optical element OD1 including a first polar-
izer PL1 is provided under the first substrate SUB1. A
second optical element OD2 including a second polarizer
PL2 is provided above the second substrate SUB2. For
example, the first polarizer PLL1 and the second polarizer
PL2 are provided such that the respective absorption axes
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cross at right angles in the X-Y plane. The first optical
element OD1 and the second optical element OD2 may
comprise, for example, a light-scattering layer, a light-
antireflective layer and a retardation plate such as a quarter-
wave plate or a half-wave plate if necessary.

[0075] In this structural example, the liquid crystal mol-
ecules LM are initially aligned in a predetermined direction
(for example, the second direction Y) between the first
alignment film AL1 and the second alignment film AL2 in an
off-state where no electric field is formed between the pixel
electrode PE and the common electrode CE. In this off-state,
the light emitted from the backlight unit BL to the display
panel PNL is absorbed by the first optical element OD1 and
the second optical element OD2, thereby performing dark
display. In an on-state where an electric field is formed
between the pixel electrode PE and the common electrode
CE, the liquid crystal molecules LM are aligned in a
direction different from the initial alignment direction by the
electric field. The alignment direction is controlled by the
electric field. In this on-state, the light emitted from the
backlight unit BL partially passes through the first optical
element OD1 and the second optical element OD2, thereby
performing bright display.

[0076] FIG. 7 is a plan view showing an area including the
round portion Ra and the short side SS1 of the display area
DA of the display panel PNL, and is shown for explaining
the relationship between an ideal display area and a plurality
of pixels PX. The relationships between each of the round
portions Ra to Rd of the display area DA shown in FIG. 1
and the pixels PX are similar to each other. Thus, the area
around the round portion Ra is explained below as a typical
example.

[0077] As shown in FIG. 7, the display device DSP
comprises a first area Al, a second area A2 adjacent to the
first area A1, and a boundary B between the first area A1 and
the second area A2. In the present embodiment, the second
area A2 is located on the external side of the first area Al.
The first area Al is an ideal display area. The second area A2
is an ideal non-display area (light-shielding area).

[0078] The boundary B is equivalent to an ideal outline of
the display area. The boundary B comprises a linear first
boundary B1 and a curved second boundary B2 connected to
the first boundary, surrounds the first area Al and has a
frame shape. In the example shown in the figure, the
boundary B comprises a first boundary B1U located on the
upper side of the first area Al and parallel to the first
direction X, and a second boundary B2a located at the upper
left of the first area A1 and connected to the first boundary
B1U. The first boundary B1U and the second boundary B2a
are exemplarily shown. The boundary B further comprises a
plurality of first boundaries B1 corresponding to the short
side SS2 and the long sides [.S1 and L.S2, and a plurality of
second boundaries B2 corresponding to the round portions
Rb to Rd.

[0079] The pixels PX are provided in matrix in the first
direction X and the second direction Y. As described above,
each pixel PX comprises the subpixels SP of a plurality of
colors. The subpixels SP are arranged in the first direction X.
The display area DA comprises a first round area R1 though
which the second boundary B2a passes, a second round area
R2 through which the second boundary B2a passes, and a
first display area DA1. FIG. 7 exemplarily shows three first
round areas R1la, R16 and Rle, and a single second round
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area R2a. The first round areas R1a, R15 and Rlc and the
second round area R2a extend in the first direction X.
[0080] Of the first area Al, none of the first round areas
Rla, R16 and Rlc and the second round area R2a is
included in the first display area DA1l. In the present
embodiment, the boundary B includes the second boundary
B2a and also includes the second boundary B2 other than the
second boundary B2a. Thus, of the first area A1, neither the
first round area R1 other than the first round areas R1a, R15
and R1c nor the second round area R2 other than the second
round area R2q is included in the first display area DA1. In
other words, the first display area DA1 does not include, of
the first area Al, the area through which each second
boundary B2 passes.

[0081] Of the display area DA, all the first round areas R1
and the second round areas R2 are referred to as a second
display area DA2. Of the first display area DA, the area
through which the first boundary B1 passes and which
extends in parallel with the first boundary B1 is referred to
as a straight area R3. The first display area DA1 includes a
straight area R3a through which the first boundary B1U
passes and which extends in parallel with the first boundary
B1U. In the present embodiment, the boundary B includes
the first boundary B1U and also includes the first boundary
B1 other than the first boundary B1U. Thus, the first display
area DA1 includes the straight area R3a and also includes
the straight area R3 other than the straight area R3a. In other
words, the first display area DA1 includes the straight area
R3 through which each first boundary B1 passes.

[0082] The display area DA is an area in which the pixels
PX are located. The liquid crystal layer L.C is at least located
in the display area DA. The non-display area NDA is, of the
second area A2, the area other than the first round area R1
and the second round area R2, and is the area shown by the
diagonal lines in FIG. 7. The non-display area NDA is
shielded from light by the light-shielding layer BM, etc.
[0083] The pixels PX include N or more pixels PX con-
tinuously arranged in the first direction X in the first round
areas R1a, R15 and Rlc, less than N pixels PX continuously
arranged in the first direction X in the second round area
R2a, and the pixels PX located in the first display area DA1.
A plurality of pixels PX may not be located in the second
round area R2, and thus, a single pixel PX may be provided
in the second round area R2.

[0084] The pixels PX located in the first display area DA1
are a plurality of first pixels PX1. The pixels PX located in
the first round areas Rla, R16 and Rlc are a plurality of
second pixels PX2. The pixels PX located in the second
round area R2a include a third pixel PX3, and a fourth pixel
PX4 in which the proportion of the area located on the
second area A2 side is greater than that of the third pixel. In
the figure, the number “1” is added to each first pixel PX1.
The number “2” is added to each second pixel PX2. The
number “3” is added to the third pixel PX3. The number “4”
is added to the fourth pixel PX4.

[0085] The round portion Ra of the display area DA is
equivalent to the boundary between the area shown by the
numbers and the area shown by the diagonal lines in FIG. 7.
Therefore, when the pixels PX are noted without paying
attention to the light-shielding layer BM, the round portion
Ra is not round strictly. It is difficult to match the round
portion Ra of the display area DA with the second boundary
B2a. In the present embodiment, the shape of the light-
shielding layer BM in the first round areas R1a, R16 and R1¢
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and the second round area R2a is adjusted such that the
notches of the outline of the round portion Ra are incon-
spicuous.

[0086] Now, this specification explains the structure of the
light-shielding layer BM. FIG. 8 is a plan view showing part
of'the round portion Ra and the short side SS1 of the display
panel PNL, and shows the light-shielding layer BM and a
plurality of aperture regions AP.

[0087] As shown in FIG. 8, the light-shielding layer BM
is structured to adjust the light-transmissive area. The light-
shielding layer BM comprises a first light-shielding portion
SH1, a plurality of second light-shielding portions SH2, a
plurality of third light-shielding portions SH3 and the aper-
ture regions AP.

[0088] The first light-shielding portion SH1 is located in
the second area A2. The second light-shielding portions SH2
and the third light-shielding portions SH3 are at least located
in the first area Al, and intersect each other. The first
light-shielding portion SH1, the second area A2 and the third
light-shielding portions SH3 are integrally formed. The
aperture regions AP are surrounded by the first light-shield-
ing portion SH1, the second light-shielding portions SH2
and the third light-shielding portions SH3. The light-shield-
ing layer BM defines the aperture regions AP. The light-
shielding layer BM is structured to form the outlines of the
aperture regions AP in the subpixels SP. In other words, the
light-shielding layer BM is structured to adjust the area of
the aperture regions AP.

[0089] The second light-shielding portions SH2 extend in
the first direction X, are arranged at intervals in the second
direction Y, and are arranged such that they alternate with
the aperture regions AP in the second direction Y. The third
light-shielding portions SH3 extend in the second direction
Y, are arranged at intervals in the first direction X, and are
arranged such that they alternate with the aperture regions
AP in the first direction X.

[0090] In the present embodiment, each of the second
light-shielding portions SH2 linearly extends in the first
direction X. Each of the third light-shielding portions SH3
extends such that it is bent in a third direction d3 and a fourth
direction d4. The third direction d3 is a direction different
from the first direction X and the second direction Y. The
fourth direction d4 is a direction different from the first
direction X, the second direction Y and the third direction
d3. In the present embodiment, in the figure, the third
direction d3 is an obliquely downward left direction, and the
fourth direction d4 is an obliquely downward right direction.
When a pair of aperture regions AP adjacent to each other in
the second direction Y is noted, one of the aperture regions
AP extends in the third direction d3, and the other aperture
region AP extends in the fourth direction d4. Each third
light-shielding portion SH3 is bent in the boundary portions
of the pixels PX arranged in the second direction Y.
[0091] In the present embodiment, each pixel PX com-
prises three subpixels SP. Thus, each pixel PX comprises
three aperture regions AP. The three aperture regions AP are
an aperture region AP which transmits the light of the first
color, an aperture region AP which transmits the light of the
second color, and an aperture region AP which transmits the
light of the third color. In the present embodiment, the three
aperture regions AP of each pixel PX have the same area.
However, in a manner different from that of the present
embodiment, the three aperture regions AP of each pixel PX
may have different areas. Each aperture region AP may be

Feb. 27, 2020

referred to as an aperture. In the figure, the light-shielding
layer BM is equivalent to the area shown by the diagonal
lines. Each aperture region AP is equivalent to an area
without the diagonal lines. Each pixel PX is defined by
two-dot chain lines.

[0092] FIG. 9 is a plan view showing part of the area
including the round portion Ra of the display panel PNL,
and shows the light-shielding layer BM and a plurality of
aperture regions AP.

[0093] As shown in FIG. 8 and FIG. 9, the end portion of
the first light-shielding portion SH1 on the first area Al side
comprises a linear first end portion E1, a curved second end
portion E2 and a stepwise third end portion E3. The second
end portion E2 is located between the first end portion E1
and the third end portion E3. The first end portion E1, the
second end portion E2 and the third end portion E3 are
continuously arranged.

[0094] As shown in FIG. 8, the first end portion E1 is
located on the first boundary B1U in the straight area R3a.
The first pixels PX1 located in the straight area R3a are
aligned in the first direction X. The upper sides of the
aperture regions AP of these first pixels PX1 are located on
the first boundary B1U. By matching the upper side (short
side SS1) of the display area DA with the first boundary
B1U, the upper side of the display area DA can be made
ideal. The first pixels PX1 located in the straight area R3a
are provided along the short side SS11, comprise first
aperture regions (aperture regions AP) and form a first pixel
group. The light-shielding layer BM (first light-shielding
portion SH1) includes a first linear portion formed along the
short side SS11 side of the aperture regions AP of the first
pixels PX1 located in the straight area R3a. Each first pixel
PX1 of the first pixel group comprises at least three sub-
pixels SP. The first aperture regions corresponding to the
three subpixels SP, respectively, are substantially the same in
the three subpixels.

[0095] When a row including the first round area R1a and
extending in the first direction X is noted, the second pixels
PX2 and the first pixels PX1 are arranged in order in the first
direction X.

[0096] As shown in FIG. 8 and FIG. 9, the second end
portion E2 is located on the second boundary B2a in the first
round areas R1a and R1c. Although not shown in the figure,
the second end portion E2 is also located on the second
boundary B2aq in the first round area R15. In the first round
areas Rla, R16 and Rle, the light-shielding layer BM
completely covers the portion which belongs to the second
area A2. Since the round portion Ra can be matched with the
second boundary B2aq in the first round areas R1a, R15 and
R1e, the round portion Ra can be made round.

[0097] The second pixels PX2 located in the first round
areas R1a and R1c are provided along the round portion Ra,
comprise second aperture regions (aperture regions AP) and
form a second pixel group. The light-shielding layer BM
(first light-shielding portion SH1) includes a curved portion
formed along the round portion Ra of the aperture regions
AP of the second pixels PX2 located in the first round areas
Rla and Rle. Each second pixel PX2 of the second pixel
group comprises at least three subpixels SP. The second
aperture regions corresponding to the three subpixels SP,
respectively, are different from each other in the three
subpixels SP.

[0098] As shown in FIG. 9, the third end portion E3
extends so as to be bent in the first direction X and the
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second direction Y in the second round area R2a. The total
area of the aperture region AP of the fourth pixel PX4 is less
than the total area of the aperture region AP of the third pixel
PX3. As described above, the area of the aperture regions of
the pixels PX of the second round area R2a is adjusted,
thereby optically blurring the outline of the round portion Ra
of the display area DA. In other words, the notches of the
outline of the round portion Ra of the display area DA can
be made inconspicuous.

[0099] The third pixel PX3 and the fourth pixel PX4
located in the second round area R2a are provided along the
round portion Ra, comprise third aperture regions (aperture
regions AP) and form a third pixel group. The pixels located
in the second round area R2a may be collectively called the
third pixels. The light-shielding layer BM (first light-shield-
ing portion SH1) includes a second linear portion formed
along the short side SS11 side of the third aperture regions
AP.

[0100] The light-shielding layer BM (first light-shielding
portion SH1) further comprises a third linear portion on the
long side LS11 side of the third aperture regions. The first
linear portion is connected to the curved portion. The curved
portion is connected to the second linear portion. The second
linear portion is connected to the third linear portion. Each
pixel (third pixel) of the third pixel group comprises at least
three subpixels SP. The third aperture regions corresponding
to the three subpixels SP, respectively, are substantially the
same in the three subpixels SP.

[0101] When a row including the second round area R2a
and extending in the first direction X is noted, the fourth
pixel PX4, the third pixel PX3 and the first pixels PX1 are
arranged in order in the first direction X.

[0102] In the first direction X, the width of the first round
area R1 is greater than the width of the second round area
R2. Thus, the shape of the second end portion E2 should not
be preferably stepwise. If the shape of the second end
portion E2 is stepwise, the notches of the outline of the
round portion Ra of the display area DA are conspicuous.
[0103] Now, this specification explains the value of N.
[0104] As described above, in the first round area R1, N or
more second pixels PX2 are continuously arranged in the
first direction X. In the second round area R2a, a single PX
is provided, or less than N pixels PX are continuously
arranged in the first direction X.

[0105] In the present embodiment, N is equal to four.
However, N may be three or a natural number greater than
or equal to five.

[0106] It should be noted that the notches of the outline of
the round portion Ra (second round area R2) are more
conspicuous with increasing N. Thus, N should be prefer-
ably less than or equal to six such that the notches of the
outline of the round portion Ra are inconspicuous.

[0107] The color balance of the second pixels PX2 of the
first round area R1 is more easily lost with decreasing N
since the curvature of the second boundary B2a passing
through the first round area R1 is increased. To maintain the
color balance of the second pixels PX2 of the first round area
R1, N should be preferably greater than or equal to four.
[0108] Now, this specification explains the size of each
aperture region AP and the shape of the light-shielding layer
BM.

[0109] As shown in FIG. 7 to FIG. 9, each first pixel PX1
is a regular pixel. The area of the aperture region AP of each
first pixel PX1 is a regular area. The total area of the aperture
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regions AP of each of the pixels PX located in the second
display area DAZ2 is less than the total area of the aperture
regions AP of each of the pixels PX located in the first
display area DAL.

[0110] When the aperture regions AP which transmit the
light of the same color are compared with each other, the
area of each aperture region AP located in the second round
area R2aq is less than the area of each aperture region AP
located in the first display area DAI.

[0111] The second light-shielding portion SH2 includes a
first linear portion LP1 and a second linear portion LP2.
[0112] The first linear portion LLP1 forms the outlines of
the aperture regions AP located in the first display area DA1
and the first round areas R1a, R15 and Rlc and has a first
width W1 in the second direction Y.

[0113] The second linear portion LLP2 adjusts the outlines
of the aperture regions AP located in the second round area
R2a and has a second width W2 in the second direction Y.
The second width W2 is greater than the first width W1.
[0114] Thus, in the present embodiment, in the second
direction Y, each aperture region AP located in the second
round area R2a is shorter than each aperture region AP
located in the first display area DAI.

[0115] The first width W1 of the first linear portion LP1 is
constant. The second width W2 of the second linear portion
LP2 is increased in stages with distance from the first linear
portion LP1 in the first direction X. In the second linear
portion LP2, the second width W2 of the portion adjusting
the outline of the aperture region AP of the fourth pixel PX4
is greater than the second width W2 of the portion adjusting
the outline of the aperture region AP of the third pixel PX3.
[0116] The third light-shielding portions SH3 comprise a
plurality of third light-shielding portions SH3a belonging to
a first group and a plurality of third light-shielding portions
SH3b belonging to a second group.

[0117] Each third light-shielding portion SH3a includes a
third linear portion LP3 and a fourth linear portion LP4. The
third linear portions LP3 form the outlines of the aperture
regions AP located in the first display area DA1. Each third
linear portion L.P3 has a third width W3 in the first direction
X. The fourth linear portions [.P4 adjust the outlines of the
aperture regions AP located in the second round area R2a.
Each fourth linear portion L.P4 has a width W4 in the first
direction X. The fourth width W4 is greater than the third
width W3.

[0118] FEach third light-shielding portion SH3b includes
the third linear portion LP3 and a fifth linear portion LP5.
The fifth linear portions LP5 form the outlines of the
aperture regions AP located in the first round areas R1a, R15
and Rlc. Each fifth linear portion LP5 has the third width
W3 in the first direction X.

[0119] Thus, in the present embodiment, in the first direc-
tion X, each aperture region AP located in the second round
area R2q is shorter than each aperture region AP located in
the first display area DAI.

[0120] The third width W3 of each third light-shielding
portion SH3a and each third light-shielding portion SH35b is
constant. When the fourth linear portions [.P4 and the third
linear portion [L.P3 arranged in the first direction X are noted,
the fourth width W4 is increased in stages with distance
from the third linear portions L.P3 in the first direction X.
The fourth width W4 of each fourth linear portion [.P4
adjusting the outline of each aperture region AP of the fourth
pixel PX4 is greater than the fourth width W4 of each fourth
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linear portion [LP4 adjusting the outline of each aperture
region AP of the third pixel PX3.

[0121] Now, this specification explains another method for
distinguishing the first round area R1 from the second round
area R2. As stated above, when the pixels PX are used, the
first round area R1 can be distinguished from the second
round area R2 based on the number of pixels PX continu-
ously arranged in the first direction X in the area through
which the second boundary B2 passes. However, the first
round area R1 can be distinguished from the second round
area R2 without using the pixels PX. FIG. 10 is a plan view
showing the area including the round portion Ra and the
short side SS1 shown in FIG. 7, and is shown for explaining
a method for distinguishing the first round areas R1a, R15
and Rlc from the second round area R2a.

[0122] As shown in FIG. 10, the second boundary B2a
passes through all of the first round areas R1a, R16 and R1c
and the second round area R2a. Here, the tangent to the
second boundary B2a is defined as a tangent TA. The
extension of the first boundary B1U is defined as an exten-
sion ES. Of the area through which the second boundary
B2a passes, the area in which angle 6 between the tangent
TA and the extension ES is less than a reference value can
be classified as the first round area R1. Of the area through
which the second boundary B2a passes, the area in which
angle 0 is greater than or equal to the reference value can be
classified as the second round area R2. For example, the first
round area Rla is the area in which angle 81aq is less than
the reference value, and the second round area R2a is the
area in which angle 02a is greater than or equal to the
reference value.

[0123] FIG. 11 is a plan view showing an area including
the round portion Ra and the long side LS1 of the display
area DA of the display panel PNL, and is shown for
explaining the relationship between an ideal display area and
a plurality of pixels PX.

[0124] Asshown in FIG. 11, the boundary B comprises the
curved second boundary B2a, and a linear first boundary
B1L located on the left side of the first area Al, connected
to the second boundary B2a and parallel to the second
direction Y.

[0125] The display area DA comprises the first display
area DA1 and the second display area DA2. The first display
area DA1 includes a straight area R35 through which the
first boundary B1L passes and which extends in parallel with
the first boundary B1L. The second display arca DA2
includes the second round areas R2. As the second round
areas R2, FIG. 11 exemplarily shows 17 second round areas
R2.

[0126] The pixels PX include the first pixels PX1 located
in the first display area DA1, and the pixels PX located in the
second display area DA2. A single pixel PX is located in
each second round area R2 shown in FIG. 11.

[0127] The pixels PX located in the second round areas R2
include a fifth pixel PX5, a sixth pixel PX6 in which the
proportion of the area located on the second area A2 is
greater than that of the fifth pixel, a seventh pixel PX7 in
which the proportion of the area located on the second area
A2 is greater than that of the sixth pixel, an eighth pixel PX8
in which the proportion of the area located on the second
area A2 is greater than that of the seventh pixel, a ninth pixel
PX9 in which the proportion of the area located on the
second area A2 is greater than that of the eighth pixel, a 10th
pixel PX10 in which the proportion of the area located on the
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second area A2 is greater than that of the ninth pixel, and an
11th pixel PX11 in which the proportion of the area located
on the second area A2 is greater than that of the 10th pixel.
[0128] The pixels PX located in the second round areas R2
further include a 12th pixel PX12, a 13th pixel PX13 in
which the proportion of the area located on the second area
A2 is greater than that of the 12th pixel, a 14th pixel PX14
in which the proportion of the area located on the second
area A2 is greater than that of the 13th pixel, a 15th pixel
PX15 in which the proportion of the area located on the
second area A2 is greater than that of the 14th pixel, a 16th
pixel PX16 in which the proportion of the area located on the
second area A2 is greater than that of the 15th pixel, a 17th
pixel PX17 in which the proportion of the area located on the
second area A2 is greater than that of the 16th pixel, an 18th
pixel PX18 in which the proportion of the area located on the
second area A2 is greater than that of the 17th pixel, a 19th
pixel PX19 in which the proportion of the area located on the
second area A2 is greater than that of the 18th pixel, a 20th
pixel PX20 in which the proportion of the area located on the
second area A2 is greater than that of the 19th pixel, and a
21st pixel PX21 in which the proportion of the area located
on the second area A2 is greater than that of the 20th pixel.
[0129] In the figure, the numbers “5” to “21” are added to
the fifth pixel PX5 to the 21st pixel PX21, respectively. In
the present embodiment, the shape of the light-shielding
layer BM in the second round areas R2 shown in FIG. 11 is
also adjusted to make the notches of the outline of the round
portion Ra inconspicuous.

[0130] Now, this specification explains the structure of the
light-shielding layer BM. FIG. 12 is a plan view showing
part of the area including the round portion Ra of the display
panel PNL shown in FIG. 11, and shows the light-shielding
layer BM and a plurality of aperture regions AP.

[0131] As shown in FIG. 11 and FIG. 12, the end portion
of the first light-shielding portion SH1 on the first area Al
side comprises the third end portion E3 and a linear fourth
end portion E4. The third end portion E3 and the fourth end
portion E4 are continuously arranged.

[0132] As shown in FIG. 11 and FIG. 12, when the fifth
pixel PX5 to the 11th pixel PX11 arranged in the second
direction Y are noted, the total area of the aperture regions
AP of the fifth pixel PX5 is the greatest, and the total area
of'the aperture regions AP of the 11th pixel PX11 is the least.
The total area of the aperture regions AP of each pixel PX
is gradually decreased from the fifth pixel PX5 to the 11th
pixel PX11. When the 12th pixel PX12 to the 21st pixel
PX21 arranged in the second direction Y are noted, the total
area of the aperture regions AP of the 12th pixel PX12 is the
greatest, and the total area of the aperture regions AP of the
21st pixel PX21 is the least. The total area of the aperture
regions AP of each pixel PX is gradually decreased from the
12th pixel PX12 to the 21st pixel PX21.

[0133] As described above, the areas of the aperture
regions AP of the pixels PX of the second round areas R2
arranged in the second direction Y in the light-shielding
layer BM are adjusted. In this way, the outline of the round
portion Ra of the display area DA can be optically blurred.
[0134] As shown in FIG. 11, the fourth end portion E4 is
located on the first boundary B1L in the straight area R354.
The first pixels PX1 located in the straight area R34 are
aligned in the second direction Y. The left sides of the
aperture regions AP of the left ends of these first pixels PX1
are located on the first boundary B1L. Thus, when the left
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side (long side L.S1) of the display area DA is matched with
the first boundary B1L, the left side of the display area DA
can be made ideal.

[0135] As described above, in the present embodiment, the
third pixel PX3 to the 21st pixel PX21 are shown as the
examples of the pixels PX of the second round areas R2
(FIG. 7 and FIG. 11). However, the pixels PX of the second
round areas R2 are not limited to the third pixel PX3 to the
21st pixel PX21, and may be changed in various ways. In the
second round areas R2, a single pixel PX or a plurality of
types of pixels PX in which the total area of the aperture
regions AP differs depending on the pixel PX should be
located. However, the total area of the aperture regions AP
of the pixel PX located in each second round area R2 is less
than the total area of the aperture regions AP of each first
pixel PX1.

[0136] For example, 255 types of pixels PX in which the
total area of the aperture regions differs depending on the
pixel PX may be selectively provided in the second round
areas R2. Alternatively, as another example, five types of
pixels PX in which the total area of the aperture regions
differs depending on the pixel PX may be selectively pro-
vided in the second round areas R2. At this time, the shape
of the light-shielding layer BM should be adjusted such that
the total area of the aperture regions of each pixel PX is
decreased as the proportion of the area located on the second
area A2 side is increased.

[0137] When the number of types of pixels PX provided in
the second round areas R2 is less, for example, five, the
light-shielding layer BM may adjust both the width of each
aperture region AP in the first direction X and the width of
each aperture region AP in the second direction Y. However,
in a manner different from that of the above embodiment,
only the width of each aperture region AP in the first
direction X may be adjusted. Alternatively, only the width of
each aperture region AP in the second direction Y may be
adjusted. In other words, the second light-shielding portions
SH2 may be formed such that the second width W2 is greater
than the first width W1, and the third light-shielding portions
SH3 may be formed such that the fourth width W4 is equal
to the third width W3. Alternatively, the second light-
shielding portions SH2 may be formed such that the second
width W2 is equal to the first width W1, and the third
light-shielding portions SH3 may be formed such that the
fourth width W4 is greater than the third width W3.
[0138] FIG. 13 is a plan view showing an array of pixels
PX in the display panel PNL.

[0139] As shown in FIG. 13, in the present embodiment,
the pixels PX are categorized into two types of main pixels
MPX1 and MPX2. Two main pixels MPX1 and MPX2
adjacent to each other in the second direction Y constitute a
unit pixel UPX. Each of the main pixels MPX1 and MPX2
is equivalent to a minimum unit for displaying a color
image. Each main pixel MPX1 includes a subpixel SP1a, a
subpixel SP2a and a subpixel SP3a. Each main pixel MPX2
includes a subpixel SP154, a subpixel SP2b and a subpixel
SP3b. The shape of each subpixel SP is substantially a
parallelogram as shown in the figure.

[0140] Each of the main pixels MPX1 and MPX2 includes
the subpixels SP of a plurality of colors arranged in the first
direction X. Each of the subpixels SPla and SP15 is the
subpixel of the first color and comprises a first color layer
CF1. Each of the subpixels SP2a and SP25 is the subpixel
of the second color different from the first color and com-
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prises a second color layer CF2. Each of the subpixels SP3a
and SP3b is the subpixel of the third color different from the
first color and the second color and comprises a third color
layer CF3.

[0141] The color filter CF is located in the aperture regions
AP. The first color layer CF1, the second color layer CF2 or
the third color layer CF3 is located in each aperture region
AP. Specifically, the first color layer CF1 is located in the
aperture region AP of each of the subpixels SP1a and SP15.
The second color layer CF2 is located in the aperture region
AP of each of the subpixels SP2a and SP2b. The third color
layer CF3 is located in the aperture region AP of each of the
subpixels SP3a and SP3b.

[0142] The main pixels MPX1 are repeatedly disposed in
the first direction X. Similarly, the main pixels MPX2 are
repeatedly disposed in the first direction X. A row of the
main pixels MPX1 arranged in the first direction X and a
row of the main pixels MPX2 arranged in the first direction
X are alternately and repeatedly disposed in the second
direction Y.

[0143] The first color layer CF1, the second color layer
CF2 and the third color layer CF3 are arranged in accor-
dance with the above layout of the subpixels SP, and have
areas corresponding to the sizes of the subpixels SP, respec-
tively. In the present embodiment, each of the first color
layer CF1, the second color layer CF2 and the third color
layer CF3 is formed into a stripe shape, and extends in the
second direction Y such that it is bent. They are arranged in
order in the first direction X.

[0144] When the shape of each subpixel SPis substantially
a parallelogram as shown in the figure, a plurality of
domains in which the rotational direction of the director
differs depending on the domain may be set in the unit pixels
UPX. By combining two main pixels MPX1 and MPX2, a
large number of domains can be formed with respect to the
subpixels of various colors. Thus, the property of viewing
angle can be compensated. When the property of viewing
angle is noted, a single unit pixel UPX formed of a combi-
nation of main pixels MPX1 and MPX2 is equivalent to a
minimum unit for displaying a color image.

[0145] FIG. 14 is a plan view showing a unit pixel UPX
of'the display panel PNL, and shows scanning lines G, signal
lines S, pixel electrodes PE and the light-shielding layer
BM. FIG. 14 shows only the structures necessary for expla-
nation. For example, the color filter CF and the common
electrode CE are omitted. The pixels PX shown in FIG. 14
are the first pixels PX1. In the example shown in the figure,
the pixels PX such as the first pixels PX1 have a structure
corresponding to the above FFS mode. The scanning lines G
and the signal lines S are provided in the first substrate
SUB1 while the light-shielding layer BM is provided in the
second substrate SUB2. The light-shielding layer BM is
shown by two-dot chain lines in the figure.

[0146] As shown in FIG. 14, the light-shielding layer BM
comprises a function for at least blocking the light emitted
from the backlight unit BL. The light-shielding layer BM is
formed of a material in which the light absorption index is
high, such as black resin. However, in a manner different
from that of the present embodiment, the light-shielding
layer BM may be formed of a material in which the light
reflectance is high, such as metal.

[0147] Each scanning line G extends in the first direction
X. Specifically, each scanning line G faces a corresponding
second light-shielding portion SH2 and extends along the
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corresponding second light-shielding portion SH2. Each
second light-shielding portion SH2 faces a corresponding
scanning line G, an end portion of each pixel electrode PE
(the contact portion PA or the other end portion PC), the
above switching element SW, etc. Each signal line S extends
in the second direction Y such that it is bent. Specifically,
each signal line S faces a corresponding third light-shielding
portion SH3 and extends along the corresponding third-
light-shielding portion SH3.

[0148] The aperture regions AP, the main electrode por-
tions PB and the slits PSL of the main pixel MPX1 extend
in the third direction d3. The aperture regions AP, the main
electrode portions PB and the slit PSL of the main pixel PX2
extend in the fourth direction d4. Between two adjacent
scanning lines G, each main electrode portion PB has a
shape along the signal lines S. The signal lines S and the
pixel electrodes PE (main electrode portions PB) extend in
parallel with each other. When voltage is applied to the
liquid crystal layer LC, the rotational state (alignment state)
of liquid crystal molecules LM in the aperture regions AP of
the main pixel MPX1 is different from the rotational state
(alignment state) of liquid crystal molecules LM in the
aperture regions AP of the main pixel MPX2.

[0149] In the subpixels SP1, SP2 and SP3 of each first
pixel PX1, the aperture regions AP are located in the center
portions of the subpixels, respectively. The aperture regions
AP of the subpixels SP1, SP2 and SP3 of each first pixel PX1
have the same length L.Ea in the second direction Y and the
same width W1la in the first direction X. In all the first pixels
PX1, the aperture regions AP have the same length LEa and
the same width Wla.

[0150] As described above, in the present embodiment, the
pixel electrodes PE are closer to the liquid crystal layer LC
than the common electrode CE. Here, the pixel electrodes
PE are top electrodes, and the common electrode CE is a
bottom electrode.

[0151] In the present embodiment, in all the subpixels
SP1, SP2 and SP3 of each first pixel PX1, the main electrode
portion PB of the pixel electrode PE is located in the first
aperture region AP1.

[0152] In the entire area of the first substrate SUBI1, the
scanning lines G are arranged with the same pitch. In the
entire area of the first substrate SUB1, the signal lines S are
arranged with the same pitch. In the entire area of the first
substrate SUB1, the pixel electrodes PE are arranged with
the same pitch, and have the same shape and size.

[0153] Inthe example of the unit pixel UPX shown in FIG.
14, the main pixel MPX1 is located on the upper side of the
figure, and the main pixel MPX2 is located on the lower side
of'the figure. However, in a manner different from that of the
present embodiment, in the unit pixel UPX, the main pixel
MPX1 may be located on the lower side of the figure, and
the main pixel MPX2 may be located on the upper side of
the figure.

[0154] In the above description, this specification exem-
plarily explains the main pixels MPX1 and MPX2 which are
the first pixels PX1 with reference to FIG. 14. Now, this
specification explains the third pixel PX3 with reference to
FIG. 15. FIG. 15 is a plan view showing the third pixel PX3
of'the display panel PNL, and shows scanning lines G, signal
lines S, pixel electrodes PE and the light-shielding layer
BM. Here, the figure shows only the main portions neces-
sary for explanation and shows a case where the third pixel
PX3 is the main pixel MPX2. This specification mainly
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explains the relationship between the third pixel PX3 and the
first pixels PX1 and the difference between the third pixel
PX3 and the first pixels PX1.

[0155] Asshown in FIG. 15, the aperture regions AP of the
subpixels SP1, SP2 and SP3 of the third pixel PX3 have the
same length LEb in the second direction Y and the same
width WIb in the first direction X. The length LEDb is less
than the length LEa of each first pixel PX1. The width WIb
is less than the width Wla of each first pixel PX1.

[0156] Now, this specification explains the fourth pixels
PX4 with reference to FIG. 16. FIG. 16 is a plan view
showing the fourth pixel PX4 of the display panel PNL, and
shows scanning lines G, signal lines S, pixel electrodes PE
and the light-shielding layer BM. Here, the figure shows
only the main portions necessary for explanation and shows
a case where the fourth pixel PX4 is the main pixel MPX2.
This specification mainly explains the relationship between
the fourth pixel PX4 and the third pixel PX3 and the
difference between the fourth pixel PX4 and the third pixel
PX3.

[0157] Asshown in FIG. 16, the aperture regions AP of the
subpixels SP1, SP2 and SP3 of the fourth pixel PX4 have the
same length LEc in the second direction Y and the same
width Wlc in the first direction X. The length LEc is less
than the length LED of the third pixel PX3. The width Wlc
is less than the width WIb of the third pixel PX3.

[0158] According to the display device DSP of the
embodiment having the above structures, the boundary B
between the first area Al and the second area A2 has a frame
shape. The display device DSP comprises the light-shielding
layer BM comprising the first light-shielding portion SH1.
The end portion E of the first light-shielding portion SH1 on
the first area Al side comprises the linear first end portion
E1, the curved second end portion E2 and the stepwise third
end portion E3. Compared to a case where the second end
portion E2 has a stepwise shape instead of a curved shape,
the notches of the outline of the round portions Ra, Rb, Re
and Rd of the display area DA can be made inconspicuous.
[0159] Because of the above structures, it is possible to
obtain a display device DSP with excellent display quality.

Modification Example 1 of Embodiment

[0160] Now, this specification explains the display device
DSP of modification example 1 of the above embodiment.
FIG. 17 is a plan view showing an area including the round
portion Ra of the display area DA of the display panel PNL
of the display device DSP of modification example 1 of the
embodiment, and shows the light-shielding layer BM and
the aperture regions AP.

[0161] As shown in FIG. 17, the light-shielding layer BM
may further comprise fourth light-shielding portions SH4.
The fourth light-shielding portions SH4 are located at the
intersections of the second light-shielding portions SH2 and
the third light-shielding portions SH3, and are formed inte-
grally with the second light-shielding portions SH2 and the
third light-shielding portions SH3. In the X-Y plane, the
intersections of the second light-shielding portions SH2 and
the third light-shielding portions SH3 are added as the fourth
light-shielding portions SH4.

[0162] In the present embodiment, two third light-shield-
ing portions SH3 are interposed between two fourth light-
shielding portions SH4 arranged in the first direction X. The
two fourth light-shielding portions SH4 arranged in the first
direction X are spaced apart from each other. Each fourth
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light-shielding portion SH4 is located in the center of four
adjacent pixels PX. Each fourth light-shielding portion SH4
is a perfect circle. However, each fourth light-shielding
portion SH4 may be a circle other than a perfect circle such
as an ellipse, or may be a polygon such as a quadrangle.

[0163] A spacer is provided in the area of each fourth
light-shielding portion SH4. The spacer comprises a func-
tion for holding a gap between the first substrate SUB1 and
the second substrate SUB2. For example, when the spacer is
a columnar spacer formed using photolithography, the
spacer is provided in one of the first substrate SUB1 and the
second substrate SUB2. When the spacer is a main spacer,
the main spacer is in contact with the other one of the first
substrate SUB1 and the second substrate SUB2. A sub-
spacer is not in contact with the other substrate.

[0164] In modification example 1, an effect similar to that
of the above embodiment can be obtained.

Modification Example 2 of Embodiment

[0165] Now, this specification explains the display device
DSP of modification example 2 of the above embodiment.
FIG. 18 is a plan view showing a structural example of the
pixel electrode PE and the common electrode CE provided
in a pixel PX of the display device DSP of modification
example 2 of the above embodiment.

[0166] As shown in FIG. 18, the common electrode CE
may be located above the pixel electrode PE, and may be
closer to the liquid crystal layer LC than the pixel electrode
PE. The pixel electrode PE is formed into a plate shape, does
not have a slit and is provided between two adjacent signal
lines S. The common electrode CE overlaps the signal lines
S and the pixel electrode PE. The common electrode CE
comprises slits CSL, immediately above the pixel electrode
PE.

[0167] In the example shown in the figure, the common
electrode CE comprises two slits CSL extending in parallel
with the signal lines S at a position facing the pixel electrode
PE. The two slits CSL are arranged across an intervening
space in the first direction X, and have substantially the same
width in the first direction X. The shape of the pixel
electrode PE is not limited to the example shown in the
figure, and may be arbitrarily changed in accordance with
the shape of the pixel PX, etc. The shape or the number of
slits CSL is not limited to the example shown in the figure.

[0168] In modification example 2, an effect similar to that
of the above embodiment can be obtained.

Modification Example 3 of Embodiment

[0169] Now, this specification explains the display device
DSP of modification example 3 of the above embodiment. In
the above first embodiment, each aperture region AP and
each pixel electrode PE are substantially shaped like a
parallelogram, and compensate the property of viewing
angle by a single unit pixel UPX. However, in modification
example 3, the shape of each pixel PX is different from that
of'the embodiment, etc. Thus, the property of viewing angle
is compensated by a single pixel PX. FIG. 19 is a plan view
showing an area including the round portion Ra of the
display area DA of the display panel PNL of the display
device DSP of modification example 3 of the embodiment,
and shows the light-shielding layer BM and the aperture
regions AP.
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[0170] As shown in FIG. 19, in modification example 3, in
each first pixel PX1, the third pixel PX3 and the fourth pixel
PX4, each aperture region AP has the shape of the symbol
“<”. In each second pixel PX2, each aperture region AP has
the shape of part of the symbol “<”. Each third light-
shielding portion SH3 extends in the third direction d3 and
the fourth direction d4. Each third light-shielding portion
SH3 is bent in the boundary portions of the pixels PX
arranged in the second direction Y and is further bent in the
center portions of the pixels PX in the second direction Y.
[0171] FIG. 20 is a plan view showing each first pixel PX1
shown in FIG. 19, and shows scanning lines G, signal lines
S, pixel electrodes PE and the light-shielding layer BM.
[0172] As shown in FIG. 20, each second light-shielding
layer SH2 faces a corresponding scanning line G, the end
portions of the pixel electrodes PE, the switching element
SW, etc., and extends along the scanning lines G in the first
direction X. Each third light-shielding layer SH3 faces a
corresponding signal line S and extends along the signal
lines S.

[0173] Each aperture region AP comprises a first aperture
region J1 and a second aperture region J2. In each aperture
region AP, the first aperture region J1 and the second
aperture region J2 are continuously provided in the second
direction Y. When voltage is applied to the liquid crystal
layer LC, the rotational state of liquid crystal molecules LM
in the first aperture region J1 is different from the rotational
state of liquid crystal molecules LM in the second aperture
region J2. Hereinafter, a virtual line passing through the
boundary between the first aperture region J1 and the second
aperture region J2 is referred to as a reference line RL. The
reference line RL passes through the center portion of the
pixel PX in the second direction Y.

[0174] In all the subpixels SP1, SP2 and SP3, the first
aperture region J1 extends in the third direction d3, and the
second aperture region J2 extends in the fourth direction d4.
In each pixel PX such as the first pixel PX1, the first aperture
regions J1 of the subpixels SP1, SP2 and SP3 have the same
first length LE1a in the second direction Y, and the second
aperture regions J2 of the subpixels SP1, SP2 and SP3 have
the same second length LEIb in the second direction Y. In
modification example 3, in each pixel PX such as the first
pixel PX1, the first length [L.E1qa is the same as the second
length LE15. However, in a manner different from that of
modification example 3, the first length LEle may be
different from the second length LE15.

[0175] Inmodification example 3, in all the subpixels SP1,
SP2 and SP3 of the first pixel PX1, the main electrode
portions PB of the pixel electrodes PE are located on the
aperture regions AP. FEach main electrode portion PB
extends in the third direction d3 in the first aperture region
J1, is bent on the reference line RL, and extends in the fourth
direction d4 in the second aperture region J2.

[0176] Ina plan view in which the subpixel SP1 is located
on the left side and the subpixel SP3 is located on the right
side, each main electrode portion PB has the shape of the
symbol “<”. In a manner different from that of modification
example 3, each main electrode portion PB may have the
shape of the symbol “>”.

[0177] As is clear from the shape of each aperture region
AP (each first aperture region J11 and each second aperture
region J2) and the shape of each main electrode portion PB,
the rotational direction of the director in each first aperture
region J1 is different from the rotational direction of the
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director in each second aperture region J2. Each aperture
region AP comprises four types of domains in which the
rotational direction of the director differs depending on the
domain. In this way, the display panel PNL can be excellent
in the property of viewing angle. The shape and size of each
pixel electrode PE are the same in all types of pixels PX.
[0178] In modification example 3, an effect similar to that
of the above embodiment can be obtained.

Modification Example 4 of Embodiment

[0179] Now, this specification explains the display device
DSP of modification example 4 of the above embodiment.
FIG. 21 is a plan view showing the external appearance of
the display device DSP of modification example 4 of the
embodiment, and shows the display area DA, etc.

[0180] As shown in FIG. 21, the shape of the display area
DA of modification example 4 may be different from that of
the above embodiment. The display area DA comprises a
pair of long sides [.I1 and L12 extending in the first direction
X, a pair of short sides L13 and LI4 extending in the second
direction Y, and four round portions Ra, Rb, Rc and Rd. The
long sides LI1 and .12 and the short sides I3 and LI4 are
directly connected to adjacent round portions. The long side
LI2 and the short sides LI3 and LI4 are equivalent to linear
portions.

[0181] The long side LI1 does not linearly extend in the
first direction X, and is partially dented to the long side LI2
side. The long side LI1 comprises linear portions L.L1, L.L.2
and LL3 extending in the first direction X, and two round
portions Re and Rf. The linear portions L.I.1, LL.2 and LL3
are directly connected to adjacent round portions. From the
above structures, a notch is formed in the display area DA.
[0182] In each of the round portions Ra, Rb, Rc and Rd,
both the first round area R1 and the second round area R2 are
provided. Similarly, in each of the round portions Re and Rf,
both the first round area R1 and the second round area R2 are
provided. Compared to a case where only the second round
area R2 is provided without providing the first round area R1
in each of the round portions Ra, Rb, Rc, Rd, Re and Rf, the
outline of each round portion can be optically blurred,
thereby making the notches of the outline of each round
portion inconspicuous.

[0183] In modification example 4, an effect similar to that
of the above embodiment can be obtained.

Modification Example 5 of Embodiment

[0184] Now, this specification explains the display device
DSP of modification example 5 of the above embodiment.
FIG. 22 is a plan view showing the external appearance of
the display device DSP of modification example 5 of the
embodiment, and shows the display area DA, etc.

[0185] As shown in FIG. 22, the display area DA of
modification example 5 has a quadrangle shape. The outline
of the display area DA comprises four corner portions
instead of four round portions. The non-display area NDA
comprises a first non-display area NDA1 and a second
non-display area NDA2. The first non-display area NDA1 is
located on the internal side of the display area DA, and is
surrounded by the display area DA. The second non-display
area NDAZ2 is located on the external side of the display area
DA.

[0186] In modification example 5, the first non-display
area NDA1 is shaped like an ovally rounded rectangle. The
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ovally rounded rectangle of modification example 5 com-
prises two sides having the same length and parallel to the
first direction X, and two semicircles having the same
radius. The second area A2 is substantially located in the first
non-display area NDA1, has a frame shape, and has an inner
peripheral border shaped like an ovally rounded rectangle
and an outer peripheral border shaped like an ovally rounded
rectangle.

[0187] The light-shielding layer BM further comprises a
frame-like fifth light-shielding portion SH5 located in the
second non-display area NDA2. The first light-shielding
portion SH1 is located in the second area A2, and is not
located in the area surrounded by the second area A2 in the
first non-display area NDAI.

[0188] Of the display area DA, the inner peripheral border
adjacent to the first non-display area NDA1 comprises a pair
of sides SI1 and SI2 extending in the first direction X, and
two round portions Rg and Rh.

[0189] FIG. 23 is a plan view showing part of the display
device DSP shown in FIG. 22.

[0190] As shown in FIG. 23, the boundary B comprises
the linear first boundary B1 and the curved second boundary
B2 connected to the first boundary, and has a frame shape.
In modification example 5, the boundary B extends along the
ovally rounded rectangle. The boundary B comprises the
first boundary B1U located on the upper side of the first area
A1 and parallel to the first direction X, a first boundary B1B
located on the lower side of the first area A1 and parallel to
the first direction X, a second boundary B25b located on the
left side of the first area A1, extending along a semicircle and
connected to the first boundary B1U and the first boundary
B1B, and a second boundary B2c¢ located on the right side
of the first area Al, extending along a semicircle and
connected to the first boundary B1U and the first boundary
B1B.

[0191] The second boundary B25 corresponds to the round
portion Rg. The second boundary B2c¢ corresponds to the
round portion Rh.

[0192] Inthe area through which the second boundary B2b
passes, both the first round area R1 and the second round
area R2 are provided. Similarly, in the area through which
the second boundary B2¢ passes, both the first round area R1
and the second round area R2 are provided. Compared to a
case where only the second round area R2 is provided
without providing the first round area R1 in each of the
round portions Rg and Rh, the outline of each round portion
can be optically blurred, thereby making the notches of the
outline of each round portion inconspicuous.

[0193] In modification example 5, an effect similar to that
of the above embodiment can be obtained.

[0194] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or examples as would fall within the scope and
spirit of the inventions. It is possible to combine two or more
of the embodiments and the examples with each other if
needed.
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What is claimed is:

1. A display device comprising:

a first area;

a second area adjacent to the first area;

a boundary between the first area and the second area, the
boundary comprising a linear first boundary parallel to
a first direction and a curved second boundary con-
nected to the first boundary, the boundary surrounding
the first area; and

a light-shielding layer comprising a first light-shielding
portion located in the second area, and adjusting a
light-transmissive area, wherein

an end portion of the first light-shielding portion on the
first area side comprises:

a linear first end portion located on the first boundary;

a curved second end portion located on the second
boundary in a first round area through which the
second boundary passes and in which an angle
between a tangent to the second boundary and an
extension of the first boundary is less than a refer-
ence value; and

a stepwise third end portion which extends such that the
third end portion is bent in a second round area
through which the second boundary passes and in
which the angle is greater than or equal to the
reference value.

2. The display device of claim 1, wherein

the second end portion is located between the first end
portion and the third end portion, and

the first end portion, the second end portion and the third
end portion are continuously arranged.

3. The display device of claim 1, wherein

the light-shielding layer further comprises:

a plurality of second light-shielding portions and a plu-
rality of third light-shielding portions at least located in
the first area and intersecting each other; and

a plurality of aperture regions surrounded by the first
light-shielding portion, the second light-shielding por-
tions and the third light-shielding portions,

the second light-shielding portions extend in the first
direction, and are arranged at intervals in a second
direction intersecting the first direction, and

the third light-shielding portions extend in the second
direction, and are arranged at intervals in the first
direction.

4. The display device of claim 3, further comprising a

color filter located in the aperture regions, and

when the aperture regions transmitting light of a same
color are compared with each other, an area of each of
the aperture regions located in the second round area is
less than an area of each of the aperture regions located
in a first display area which includes a straight area and
does not include the first round area and the second
round area, the straight area through which the first
boundary passes and which extends in parallel with the
first boundary in the first area.

5. The display device of claim 4, wherein

the color filter comprises a plurality of first color layers,
aplurality of second color layers and a plurality of third
color layers, and

the first color layer, the second color layer or the third
color layer is located in each of the aperture regions.
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6. The display device of claim 3, wherein
each of the second light-shielding portions includes:

a first linear portion having a first width in the second
direction, and forming an outline of each of the
aperture regions located in the first round area and a
first display area which includes a straight area and
does not include the first round area and the second
round area, the straight area through which the first
boundary passes and which extends in parallel with
the first boundary in the first area; and

a second linear portion having a second width greater
than the first width in the second direction, and
adjusting an outline of each of the aperture regions
located in the second round area, and

each of the aperture regions located in the second round
area in the second direction is shorter than each of the
aperture regions located in the first display area in the
second direction.

7. The display device of claim 6, wherein

the second round area extends in the first direction,

the first width is constant, and

the second width is increased in stages with distance from
the first linear portion in the first direction.

8. The display device of claim 3, wherein

the third light-shielding portions comprise:

a third light-shielding portion belonging to a first group
and including:

a third linear portion having a third width in the first
direction, and forming an outline of each of the
aperture regions located in a first display area
which includes a straight area and does not include
the first round area and the second round area, the
straight area through which the first boundary
passes and which extends in parallel with the first
boundary in the first area; and

a fourth linear portion having a fourth width greater
than the third width in the first direction, and
adjusting an outline of each of the aperture regions
located in the second round area; and

a third light-shielding portion belonging to a second
group and including:
the third linear portion having the third width in the

first direction, and forming the outline of each of
the aperture regions located in the first display
area; and

a fifth linear portion having the third width in the first
direction, and forming an outline of each of the
aperture regions located in the first round area, and

each of the aperture regions located in the second round
area is shorter than each of the aperture regions located
in the first display area in the first direction.

9. The display device of claim 8, wherein

the second round area extends in the first direction,

the third light-shielding portions comprise a plurality of
third light-shielding portions belonging to the first
group,

the third width is constant, and

when the fourth linear portions and the third linear portion
arranged in the first direction are noted, the fourth
width is increased in stages with distance from the third
linear portion in the first direction.

10. The display device of claim 3, wherein

each of the second light-shielding portions linearly
extends in the first direction,
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each of the third light-shielding portions extends in a third
direction different from the first direction and the
second direction, and a fourth direction different from
the first direction, the second direction and the third
direction, and

when a pair of aperture regions adjacent to each other in
the second direction is noted,
one of the aperture regions extends in the third direc-

tion, and

the other aperture regions extends in the fourth direc-
tion.

11. A display device comprising:

a first area;

a second area adjacent to the first area;

a boundary between the first area and the second area, the
boundary comprising a linear first boundary parallel to
a first direction and a curved second boundary con-
nected to the first boundary, the boundary surrounding
the first area;

a plurality of pixels arranged in matrix in the first direc-
tion and a second direction intersecting the first direc-
tion, each of the pixels comprising a plurality of
subpixels of a plurality of colors arranged in the first
direction; and

a light-shielding layer comprising a first light-shielding
portion located in the second area, and forming an
outline of an aperture region of each of the subpixels,
wherein

the pixels include:

N or more pixels continuously arranged in the first
direction in a first round area through which the
second boundary passes;

a pixel located in a second round area through which
the second boundary passes, or less than N pixels
continuously arranged in the first direction in the
second round area; and

a plurality of pixels located in a first display area which
includes a straight area and does not include the first
round area and the second round area, the straight
area through which the first boundary passes and
which extends in parallel with the first boundary in
the first area, and

an end portion of the first light-shielding portion on the
first area side comprises:

a linear first end portion located on the first boundary
in the straight area;

a curved second end portion located on the second
boundary in the first round area; and

a stepwise third end portion which extends such that the
third end portion is bent in the first direction and the
second direction in the second round area.

12. The display device of claim 11, wherein

a total area of the aperture regions of each of the pixels
located in a second display area including the first
round area and the second round area is less than a total
area of the aperture regions of each of the pixels located
in the first display area.

13. The display device of claim 11, further comprising:

a color filter located in the aperture regions, wherein

when the aperture regions transmitting light of a same
color are compared with each other, an area of each of
the aperture regions located in the second round area is
less than an area of each of the aperture regions located
in the first display area.
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14. The display device of claim 13, wherein

the color filter comprises a plurality of first color layers,
aplurality of second color layers and a plurality of third
color layers, and

the first color layer, the second color layer or the third
color layer is located in each of the aperture regions.

15. The display device of claim 11, wherein

the light-shielding layer further comprises a plurality of
second light-shielding portions and a plurality of third
light-shielding portions at least located in the first area
and intersecting each other, and defines the aperture
regions,

the second light-shielding portions extend in the first
direction and are arranged such that the second light-
shielding portions alternate with the aperture regions in
the second direction, and

the third light-shielding portions extend in the second
direction and are arranged such that the third light-
shielding portions alternate with the aperture regions in
the first direction.

16. The display device of claim 11, wherein

the light-shielding layer is at least located in the first area
and further comprises a second light-shielding portion,

the second light-shielding portion includes:

a first linear portion forming an outline of each of the
aperture regions located in the first display area and
the first round area, and having a first width in the
second direction; and

a second linear portion adjusting an outline of each of
the aperture regions located in the second round area,
and having a second width greater than the first
width in the second direction, and

each of the aperture regions located in the second round
area is shorter than each of the aperture regions located
in the first display area in the second direction.

17. The display device of claim 16, wherein

the pixels located in the first display area are a plurality of
first pixels,

the pixels located in the first round area are a plurality of
second pixels,

the pixels located in the second round area include a third
pixel and a fourth pixel in which a proportion of an area
located on the second area is greater than the proportion
of the third pixel,

the second round area extends in the first direction,

the second pixels and the first pixel are arranged in order
in the first direction,

the fourth pixel, the third pixel and the first pixel are
arranged in order in the first direction,

the first width is constant, and

in the second linear portion, the second width of a portion
adjusting an outline of each of the aperture regions of

the fourth pixel is greater than the second width of a

portion adjusting an outline of each of the aperture

regions of the third pixel.
18. The display device of claim 11, wherein
the third light-shielding portions comprise:

a third light-shielding portion belonging to a first group
and including:

a third linear portion having a third width in the first
direction, and forming an outline of each of the
aperture regions located in the first display area;
and
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a fourth linear portion having a fourth width greater
than the third width in the first direction, and
adjusting an outline of each of the aperture regions
located in the second round area; and

a third light-shielding portion belonging to a second
group and including:

the third linear portion having the third width in the
first direction, and forming the outline of each of
the aperture regions located in the first display
area; and

a fifth linear portion having the third width in the first
direction, and forming an outline of each of the
aperture regions located in the first round area, and

each of the aperture regions located in the second round
area is shorter than each of the aperture regions located
in the first display area in the first direction.

19. The display device of claim 18, wherein

the pixels located in the first display area are a plurality of
first pixels,

the pixels located in the first round area are a plurality of
second pixels,

the pixels located in the second round area include a third
pixel and a fourth pixel in which a proportion of an area
located on the second area is greater than the proportion
of the third pixel,

the second round area extends in the first direction,

the third light-shielding portions comprise a plurality of
third light-shielding portions belonging to the first
group,

the second pixels and the first pixel are arranged in order
in the first direction,

the fourth pixel, the third pixel and the first pixel are
arranged in order in the first direction,

the third width is constant, and

the fourth width of the fourth linear portion adjusting an
outline of the aperture region of the fourth pixel is
greater than the fourth width of the fourth linear portion
adjusting an outline of the aperture region of the third
pixel.

20. The display device of claim 11, wherein

the light-shielding layer further comprises a plurality of
second light-shielding portions and a plurality of third
light-shielding portions at least located in the first area
and intersecting each other, and defines the aperture
regions,

each of the second light-shielding portions linearly
extends in the first direction,

each of the third light-shielding portions extends in a third
direction different from the first direction and a fourth
direction different from the first direction, the second
direction and the third direction, and

when a pair of aperture regions adjacent to each other in
the second direction is noted,
one of the aperture regions extends in the third direc-

tion, and
the other aperture region extends in the fourth direc-
tion.

21. The display device of claim 11, further comprising:

an array substrate;

a counter-substrate comprising the light-shielding layer
and facing the array substrate with a gap therebetween;
and
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a liquid crystal layer held between the array substrate and
the counter-substrate and structuring the pixels together
with the array substrate and the counter-substrate.

22. The display device of claim 21, wherein

the light-shielding layer further comprises a plurality of
second light-shielding portions and a plurality of third
light-shielding portions at least located in the first area
and intersecting each other, and defines the aperture
regions,

the second light-shielding portions extend in the first
direction, and are arranged such that the second light-
shielding portions alternate with the aperture regions in
the second direction,

the third light-shielding portions extend in the second
direction, and are arranged such that the third-light-
shielding portions alternate with the aperture regions in
the first direction,

the array substrate comprises a plurality of scanning lines
and a plurality of signal lines,

each of the scanning lines faces the corresponding second
light-shielding portion and extends along the corre-
sponding second light-shielding portion, and

each of the signal lines faces the corresponding third
light-shielding portion and extends along the corre-
sponding third light-shielding portion.

23. A liquid crystal display device comprising:

a substrate comprising a short side in a first direction, a
long side in a second direction and a round portion
connecting the short side and the long side; and

a plurality of pixels formed on the substrate and compris-
ing a plurality of aperture regions defined by a light-
shielding layer, wherein

the pixels include a first pixel group comprising a first
aperture region provided along the short side, a second
pixel group comprising a second aperture region pro-
vided along the round portion, and a third pixel group
comprising a third aperture region provided along the
round portion,

the light-shielding layer includes a first linear portion
formed along the short-side side of the first aperture
region, a curved portion formed along the round por-
tion side of the second aperture region, and a second
linear portion formed along the short-side side of the
third aperture region, and

the first aperture region is larger than the third aperture
region.

24. The liquid crystal display device of claim 23, wherein

the light-shielding layer comprises a third linear portion
on the long-side side of the third aperture region,

the first linear portion is connected to the curved portion,

the curved portion is connected to the second linear
portion, and

the second linear portion is connected to the third linear
portion.

25. The liquid crystal display device of claim 24, wherein

a first pixel of the first pixel group comprises at least three
subpixels, and the respective first aperture regions of
the three subpixels are substantially same in the three
subpixels,

a second pixel of the second pixel group comprises at least
three subpixels, and the respective second aperture
regions of the three subpixels are different from each
other in the three subpixels, and
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a third pixel of the third pixel group comprises at least
three subpixels, and the respective third aperture
regions of the three subpixels are substantially same in
the three subpixels.
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