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(57) ABSTRACT

The liquid crystal display panel includes two opposing
substrates provided with liquid crystal sealed therebetween.
On one substrate a plurality of colored parts are arranged so
as to constitute one pixel, and a plurality of boundary
regions are arranged between a plurality of adjacent colored
parts and around the plurality of colored parts. The boundary
region arranged between adjacent colored parts has a width
smaller than that of the boundary region arranged around the
plurality of colored parts.
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LIQUID CRYSTAL DISPLAY PANEL, LIQUID
CRYSTAL DISPLAY APPARATUS, AND
METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the national phase under 35 U.
S. C. §371 of PCT International Application No. PCT/
JP2014/081572 which has an International filing date of
Nov. 28, 2014 and designated the United States of America.

FIELD

[0002] The present invention relates to a liquid crystal
display panel, a liquid crystal display apparatus comprising
the liquid crystal display panel, and a method of manufac-
turing the liquid crystal display panel.

BACKGROUND

[0003] In recent years, a liquid crystal display panel
employed in many display apparatuses has a configuration in
which a pair of substrates are opposed with a predetermined
interval, and liquid crystal is filled therebetween. On one
substrate, a picture element electrode for applying a voltage
to the liquid crystal, a switching element such as a thin film
transistor for driving the picture element electrode, various
wirings such as a gate bus line and a source bus line, an
alignment film for applying a pretilt angle to the liquid
crystal, and the like, are formed in a laminated shape. In
addition, on the other substrate, a black matrix, a color filter
layer of a predetermined color, a counter electrode, an
alignment film, and the like, are formed in a similarly
laminated shape.

[0004] The black matrix and the color filter layer are
formed by using a photolithographic method. For example,
the black matrix is formed through a process of applying a
black photoresist material to a surface of the substrate, an
exposure process of irradiating a predetermined pattern
region of the photoresist material with a light energy through
a photo mask, and a process of removing an unnecessary
portion of the photoresist matetial (a portion which is not
irradiated with the light energy).

[0005] In forming the black matrix as described above, the
photo mask is used. Since an accuracy of the formed black
matrix depends on an accuracy of the photo mask, a high
processing accuracy is required for the photo mask. Mean-
while, in recent years, with an increase in size of the
substrate, a size of the photo mask also increases, and a size
of an exposure device needs to be increased, thereby causing
an increase in manufacturing cost.

[0006] To cope with such a situation, instead of exposing
the entire substrate at one time in the exposure process, a
divided exposure method of dividing the substrate into
several regions to expose the substrate is employed. In the
divided exposure method, there is a need to splice patterns
of adjacent regions with each other. Therefore, the exposure
is performed on the adjacent portions twice to splice the
patterns. However, if the patterns are spliced in a well-
defined rectangle shape, splicing unevenness is seen.
Thereby, a method of providing a certain degree of width to
the splicing part, and splicing the patterns in a mosaic
pattern is generally used. The mosaic pattern is a pattern in
which a density of presence or absence of the pattern is
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changed, and means a pattern which is set so as to change
the density of the pattern from dense to coarse as it is
separated from its own exposure pattern. However, if the
pattern is too thick in order to change the density, an effect
of the mosaic pattern is diminished, and then the splicing
part is divided within one picture element (Japanese Patent
Laid-open Publication No. 2000-66235). Be noted that the
picture element means a single-color portion constituting
one pixel. Generally, three picture elements of red, green and
blue comnstitute one pixel.

[0007] In addition, the photo mask is positionally shifted
in directions opposite to each other during the first and
second exposures, and thereby it is necessary to thicken the
pattern so as to prevent a slit (gap) from being generated in
the formed pattern.

[0008] Further, in forming the color filter, it is also nec-
essary to consider the positional shift when coloring the
picture element after forming the black matrix. The reason
is that, a gap is formed between a colored portion and the
black matrix, such that a problem of a so-called void in
which light is leaked therefrom occurs. From the viewpoint
of preventing the void, it is necessary to thicken the black
matrix.

SUMMARY

[0009] As described above, in the conventional art, since
the pattern of the splicing part is thickened, there is a
problem of a reduction in aperture ratio. In recent years, a
definition of the liquid crystal display panel is increased and
a size of one pixel thereof is decreased. That is, the number
of pixels included in one liquid crystal display panel is
increased, and as a result, there is a problem that an area
occupied by the black matrix is also increased, and thereby
the aperture ratio is reduced.

[0010] In consideration of the above-mentioned circum-
stances, it is an object of the present disclosure to provide a
liquid crystal display panel, and the like that suppresses a
reduction in aperture ratio even in a liquid crystal display
panel having high definition.

[0011] The liquid crystal display panel according to the
present disclosure is a liquid crystal display panel compris-
ing two opposing substrates provided with liquid crystal
sealed therebetween, wherein on one substrate a plurality of
colored parts are arranged so as to constitute one pixel, and
a plurality of boundary regions are arranged between a
plurality of adjacent colored parts and around the plurality of
colored parts, and wherein the boundary region arranged
between adjacent colored parts has a width smaller than that
of the boundary region arranged around the plurality of
colored parts.

[0012] According to the present disclosure, the boundary
region arranged between adjacent colored parts has a width
smaller than that of the boundary region arranged around the
plurality of colored parts. That is, since the boundary region
in the portion on which the screen splicing is not performed
is thinner than the boundary region on which the screen
splicing is performed, it is possible to suppress a reduction
in aperture ratio even in a liquid crystal display panel having
high definition.

[0013] The liquid crystal display panel according to the
present disclosure is characterized in that a plurality of the
boundary regions arranged around the plurality of colored
parts are arranged at a constant interval.
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[0014] According to the present disclosure, the plurality of
boundary regions arranged around the plurality of colored
parts are arranged at a constant interval. That is, since the
boundary regions on which the screen splicing is performed
are arranged at a constant interval, it is possible to suppress
a reduction in aperture ratio even in a liquid crystal display
panel having high definition.

[0015] The liquid crystal display panel according to the
present disclosure is characterized in that the plurality of the
boundary regions arranged around the plurality of colored
parts are arranged between adjacent pixels.

[0016] According to the present disclosure, the plurality of
the boundary regions arranged around the plurality of col-
ored parts are arranged between the adjacent pixels. That is,
by constituting a mask pattern in a pixel unit, the mask
pattern can be used for manufacturing a plurality of liquid
crystal display panels having different numbers of pixels
from each other.

[0017] The liquid crystal display apparatus according to
the present disclosure is a liquid crystal display apparatus
comprising the above-described liquid crystal display panel
as a display section.

[0018] According to the present disclosure, it is possible to
achieve a display apparatus comprising a liquid crystal
display panel having high definition while suppressing a
reduction in aperture ratio.

[0019] The method of manufacturing a liquid crystal dis-
play panel according to the present disclosure is a method of
manufacturing a liquid crystal display panel, comprising:
preparing a photo mask provided with linear patterns at
positions corresponding to boundary regions between a
plurality of adjacent colored parts and around the plurality of
colored parts, the liner pattern in a portion corresponding to
the boundary region between adjacent colored parts having
a width smaller than that of the liner pattern in a portion
corresponding to the boundary region around the plurality of
colored parts; sequentially performing exposure on one
substrate by photolithography using the photo mask so that
the colored parts are arranged in a matrix to form lattice-
shaped boundary regions; adding colors inside lattices
formed by the boundary regions to form a plurality of
colored parts so as to constitute respective pixels each
including a plurality of colored parts; and opposing the one
substrate and the other substrate, and then sealing liquid
crystal therebetween.

[0020] According to the present disclosure, since bound-
ary regions (black matrix) are formed by using the photo
mask in which the liner pattern in a portion corresponding to
the boundary region between adjacent colored parts has the
width smaller than that of the liner pattern in a portion
corresponding to the boundary region around a plurality of
colored parts, it is possible to manufacture a liquid crystal
display panel having high definition while suppressing a
reduction in aperture ratio.

[0021] The method of manufacturing a liquid crystal dis-
play panel according to the present disclosure is a method of
manufacturing a liquid crystal display panel, comprising:
preparing a photo mask provided with linear patterns at
positions corresponding to boundary regions between a
plurality of adjacent colored parts and around the plurality of
colored parts, the liner pattern in a portion corresponding to
the boundary region between adjacent colored parts having
a width smaller than that of the liner pattern in a portion
corresponding to the boundary region around the plurality of
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colored parts, the photo mask being capable of simultane-
ously forming boundary regions corresponding to a plurality
of pixels each including a plurality of colored parts; sequen-
tially performing exposure on one substrate by photolithog-
raphy using the photo mask so that the pixels are arranged
in a matrix to form lattice-shaped boundary regions; adding
colors inside lattices formed by the boundary regions to
form a plurality of colored parts so as to constitute respective
pixels; and opposing the one substrate and the other sub-
strate, and then sealing liquid crystal therebetween.

[0022] According to the present disclosure, since the
photo mask capable of simultaneously forming boundary
regions corresponding to a plurality of pixels is used, it is
possible to reduce the number of times of exposure for
forming the boundary regions (black matrix).

[0023] In the present disclosure, it is possible to secure an
aperture ratio in a liquid crystal display panel having high
definition.

[0024] The above and further objects and features will
more fully be apparent from the following detailed descrip-
tion with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 11is a cross-sectional view illustrating a major
part of a liquid crystal display apparatus.

[0026] FIG. 2 is a flowchart illustrating an example of a
process of forming a black matrix.

[0027] FIGS. 3A to 3C are explanatory views illustrating
an example of the process of forming the black matrix by
drawings.

[0028] FIG. 4 is an explanatory view illustrating an
example of a mask pattern of a photo mask.

[0029] FIG. 5 is an explanatory view illustrating an
example of a color filter layer.

[0030] FIG. 6 is a cross-sectional view illustrating an
example of the color filter layer.

[0031] FIG. 7 is an explanatory view illustrating an
example of the mask pattern of the photo mask.

[0032] FIG. 8 is an explanatory view illustrating an
example of the mask pattern of the photo mask.

[0033] FIG. 9 is an explanatory view illustrating an
example of the mask pattern of the photo mask.

[0034] FIG. 10 is an explanatory view illustrating an
example of a color filter layer.

[0035] FIG. 11 is a cross-sectional view illustrating an
example of the color filter layer.

[0036] FIG. 12 is an explanatory view illustrating an
example of the mask pattern of the photo mask.

[0037] FIG. 13 is an explanatory view illustrating an
example of the mask pattern of the photo mask.

DETAILED DESCRIPTION

[0038] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings
illustrating embodiments thereof.

Embodiment 1

[0039] FIG. 11is a cross-sectional view illustrating a major
part of a liquid crystal display apparatus 10. An upper side
of FIG. 1 is a side facing a viewer. The liquid crystal display
apparatus 10 comprises a polarizing plate 11, a transparent
substrate 12, a color filter layer 13, a transparent electrode
14, an alignment film 15, a liquid crystal layer 16, an
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alignment film 17, a transparent electrode 18, a transparent
substrate 19, a polarizing plate 20 and a backlight 21, which
are laminated thereon in an order from the side facing the
viewer.

[0040] The polarizing plates 11 and 20 are adapted to
polarize light incident thereon or emitted therefrom in a
specific direction. Light passing through the polarizing plate
11 and light passing through the polarizing plate 20 have
different polarization directions by 90 degrees. The trans-
parent substrate 12 is, for example, a rectangular plate made
of glass. The color filter layer 13 includes a black matrix 131
(boundary region) and a color filter 132 (colored part). The
color filter layer 13 is formed on the transparent substrate 12.
The transparent electrodes 14 and 18 and the alignment films
15 and 17 control an alignment of liquid crystal contained in
the liquid crystal layer 16. The transparent substrate 19 is
formed of: inorganic glass such as quartz glass, borosilicate
glass, soda glass; a substrate made of plastic such as
polyethylene terephthalate (PET), polyethersulfone (PES),
polycarbonate (PC); an inorganic thin film such as silicon
oxide, aluminum oxide, silicon nitride, silicon oxynitride
formed on a surface of the glass or the plastic substrate or the
like. The backlight 21 converts light from a light source 211
such as a light emitting diode (LED) into planar light and
irradiates the polarizing plate 20 with the planar light. The
remaining portion of the liquid crystal display apparatus 10
except for the backlight 21 (including the light source 211)
is referred to as a liquid crystal display panel.

[0041] Next, a process of forming a black matrix will be
described. In forming the black matrix, a screen splicing
exposure method is employed. The screen splicing exposure
method is a method in which a pattern required to form a
black matrix in one transparent substrate is divided into two
or more divided patterns, and the divided patterns are
formed on photo masks, and these divided patterns are
transferred to adjacent regions on the transparent substrate to
couple images of the divided patterns with each other
(screen splicing) on the transparent substrate, such that a
transparent substrate having a large area can be formed even
in an exposure device with a small exposure field or image
field.

[0042] FIG. 2 is a flowchart illustrating an example of a
process of forming a black matrix. FIGS. 3A to 3C are
explanatory views illustrating an example of the process of
forming the black matrix by drawings. A precleaned trans-
parent substrate 12 is prepared, and a black photosensitive
resin composition 13a is applied to one surface thereof (step
S1, FIG. 3A). The black photosensitive resin composition
13a is obtained by dispersing metal oxide or pigment such
as carbon black, titanium oxide, titanium oxynitride, iron
tetroxide, or other light shielding material in a photosensi-
tive resin. The black photosensitive resin composition 13a is
exposed through a photo mask 30 (step S2, FIG. 3B). The
black photosensitive resin composition 13a is developed
(step S3). Post-baking is performed thereon to remove a
cleaning solution (step S4, FIG. 3C).

[0043] In manufacturing the liquid crystal display panel,
the transparent substrate 12 on which the color filters 132 are
formed and the transparent substrate 19 are bonded so as to
face each other. After the transparent substrate 12 and the
transparent substrate 19 are bonded to each other, liquid
crystal is injected and sealed therebetween. Further, the
polarizing plates 11 and 20 are attached to the transparent
substrates 12 and 19, respectively, and assembly of the liquid
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crystal display panel is completed. Then, the separately
assembled backlight 21 is combined with the liquid crystal
display panel, thereby completing the liquid crystal display
apparatus 10.

[0044] Subsequently. the photo mask 30 used in an expo-
sure process will be described. The photo mask 30 includes
a photo mask substrate 31 and a light shielding film 32. The
photo mask substrate 31 is a substrate which is made of, for
example, synthetic quartz, soda-lime glass, alkali-free glass,
or the like, and is transparent with respect to exposure light.
The light shielding film 32 shields the exposure light during
the exposure process. The light shielding film 32 is formed
on the photo mask substrate 31 by, for example, a chromium
(Cr)-based material. The light shielding film 32 is, for
example, a CrN film, a CrC film, a CrCO film, a CrO film,
a CrON film, or a laminated film thereof.

[0045] FIG. 4 is an explanatory view illustrating an
example of the mask pattern of the photo mask 30. In
Embodiment 1, as the photo mask 30, two types of one
having a first mask pattern 1 and one having a second mask
pattern 2 are used. The photo mask 30 having the first mask
pattern 1 is used for a first exposure and the photo mask 30
having the second mask pattern 2 is used for a second
exposure. Since the second mask pattern 2 is the same as the
first mask pattern 1, therefore, in the following description,
portions corresponding to the first mask pattern will be
denoted by corresponding reference numerals, and will be
collectively described.

[0046] The first mask pattern 1 (second mask pattern 2) is
formed in a rectangular shape, and three identical rectangu-
lar window parts 1a (2a) are formed side by side in a lateral
direction in the first mask pattern 1 (second mask pattern 2).
The window parts 1a (2a) are portions where color layers are
formed. In the first mask pattern 1 (2), it is possible to form
a black matrix for three picture elements (RGB), that is, for
one pixel. Each picture element has a size in a longitudinal
direction longer than a size in the lateral direction. As
illustrated in FIG. 4, a width d2 of a mask 1c¢ (2¢) at a
boundary portion of the window parts 1a (2a) in which the
color layer is formed is smaller than a width d1 of a mask
15 (256) at a boundary portion with a laterally adjacent pixel.
The reason is that, the internal mask 1c¢ (2¢) is not spliced to
the black matrix of other pixel. Since the mask 15 (2b) at the
boundary portion with an adjacent pixel is connected
(spliced) to the black matrix of the adjacent pixel, this mask
is thickened in order to form a mosaic pattern. When the
width d1 of the mask 15 (26) at the boundary portion with
the laterally adjacent pixel is set to be 24 pm, for example,
the width d2 of the mask 1¢ (2¢) at the boundary portion of
the window parts 1a (2a) is set to be 12 pm. A width d3 of
a mask 1d (2d) at a boundary portion with a longitudinally
adjacent pixel is set to be 50 to 60 pum.

[0047] FIGS. 5 and 6 are explanatory views illustrating an
example of the color filter layer 13. FIG. 5 is a plan view of
the color filter layer 13, and FIG. 6 is a cross-sectional view
taken on line V-V in FIG. 5A. The color filter layer 13
illustrated in FIG. 5 shows a range formed by the two mask
patterns illustrated in FIG. 4. A black matrix 131 for one
pixel illustrated on the upper side of FIG. 5 is a matrix
formed by the first mask pattern 1. A black matrix 131 for
one pixel illustrated on the lower side thereof is a matrix
formed by the second mask pattern 2. A width of a portion
131a spliced to the laterally adjacent black matrix is larger
than that of a portion 1315 located between color filters 132.
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Moreover, a width of a portion 131¢ spliced to the longitu-
dinally adjacent black matrix is smaller than the width d3 of
the mask 1d (24) at the boundary portion with the longitu-
dinally adjacent pixel. Be noted that R, G and B described
in the color filters 132 indicate a red color (RED), a green
color (GREEN), and a blue color (BLUE), respectively.

[0048] The mosaic pattern used for mosaic splicing in
Embodiment 1 will be described. Hereinafter, a black matrix
in Ultra High Definition (UHD) is applied to Embodiment 1.
An object to be compared is a black matrix with Full High
Definition (FHD) resolution formed by the conventional art.
Similar to the conventional art, also in Embodiment 1, the
mosaic pattern used for mosaic splicing includes a plurality
of dots. In Embodiment 1, a longitudinal width of the dots
constituting the mosaic pattern is 1/2 as compared to the
conventional art. In addition, a lateral width of the dots is 3/2
as compared to the conventional art. Thereby, a size (area)
of the dots is 3/4 of the conventional dot. As such, even when
the mosaic splicing is performed for each one pixel formed
by combining a plurality of picture elements in QFHD, the
size of the mosaic is smaller than that of the conventional
mosaic, and the fineness is therefore improved as compared
to the conventional FHD.

[0049] As described above, in Embodiment 1, the black
matrix for one pixel is formed by one exposure. Therefore,
there is no mosaic splicing of the black matrix within one
pixel. Accordingly, a positional shift causing a void does not
occur, such that it is possible to decrease a width of the black
matrix. Thereby, it is possible to secure a sufficient aperture
ratio.

[0050] In addition, since the size of the dots constituting
the mosaic pattern is decreased, it is possible to improve the
fineness of the liquid crystal display panel.

Modified Example

[0051] FIG. 7 is an explanatory view illustrating an
example of the mask pattern of the photo mask. The mask
pattern in the modified example is a mask pattern allowing
exposure of a black matrix for two adjacent pixels. By a first
mask pattern 1 and a second mask pattern 2, exposure of a
black matrix for a total of four pixels is performed. In the
first mask pattern 1 illustrated in FIG. 7, the number of the
window parts la is different from that in FIG. 1, and the
other portions are the same as those in FIG. 1, therefore the
same parts will be denoted by the same reference numerals,
and will not be described. Also, the second mask pattern 2
is the same as the first mask pattern 1, therefore portions
corresponding to the first mask pattern will be denoted by
corresponding reference numerals.

[0052] In the modified example, the exposure of the black
matrix for two pixels is performed with one mask pattern,
and it is therefore possible to complement the width of the
black matrix between two pixels adjacent to each other
formed by simultaneously exposing, and secure a sufficient
aperture ratio.

[0053] In the modified example, the black matrix for two
pixels is simultaneously exposed, but it is not limited
thereto, and a black matrix for three pixels or more may be
simultaneously exposed. In a case of higher definition such
as 8K4K resolution, the number of pixels to be simultane-
ously exposed is increased, and it is therefore possible to
improve the fineness of the liquid crystal display panel.
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Embodiment 2

[0054] Embodiment 2 is an embodiment about a mask
pattern allowing exposure of a black matrix for two pixels
with each mask pattern and for four pixels with two mask
patterns, respectively. FIGS. 8 and 9 are explanatory views
illustrating an example of the mask pattern of the photo
mask. A first mask pattern 1 and a second mask pattern 2
have the same configuration as each other, and are formed in
a shape in which two mask patterns for one pixel are
arranged in a checkered pattern (at diagonal positions) and
are connected at a corner portion, respectively. The mask
pattern for one pixel is the same as that in Embodiment 1,
and therefore, in the following description, portions different
from those in Embodiment 1 will be mainly described. In
Embodiment 2, a width d12 of a mask 1¢ (2¢) at a boundary
portion of the window parts 1a (2a) is smaller than a width
d1l of the mask 15 (26) at a boundary portion with the
laterally adjacent pixel, similar to Embodiment 1. For
example, when the width d11 of the mask 15 (2b) at the
boundary portion with the laterally adjacent pixel is set to be
18 pm, the width d12 of the mask 1¢ (2¢) at the boundary
portion of the window parts 1a (2a) is set to be 12 pm. A
width d13 of a mask 14 (24) at a boundary portion with the
longitudinally adjacent pixel is set to be 50 to 60 pm.
[0055] FIGS. 10 and 11 are explanatory views illustrating
an example of a color filter layer 13. FIG. 10 is a plan view
of the color filter layer 13, and FIG. 11 is a cross-sectional
view taken on line X-X in FIG. 10. The color filter layer 13
illustrated in FIG. 10 shows a range formed by the two mask
patterns illustrated in FIGS. 8 and 9. A black matrix 131 for
two pixels illustrated on the upper left side and the lower
right side in FIG. 10 is formed by the first mask pattern 1.
A black matrix 131 for two pixels illustrated on the upper
right side and the lower left side thereof is formed by the
second mask pattern 2. A width of a portion 131a splicing
the laterally adjacent black matrix is larger than that of a
portion 1315 located between color filters 132. As illustrated
in FIG. 10, colors of picture elements of pixels adjacent to
each other in the lateral direction are the same as each other.
[0056] As described above, in Embodiment 2, in addition
to the effects produced in Embodiment 1, the following
effects are produced. Since the colors of the adjacent picture
elements of the pixels adjacent to each other in the lateral
direction are the same as each other, it is not necessary to
increase the width of the black matrix in order to cope with
the positional shift in a coloring process of the picture
element. Therefore, it is possible to further decrease the
width (d11) of the black matrix of pixels adjacent to each
other in the lateral direction with respect to the width (d1) in
Embodiment 1, and to increase the aperture ratio.

Embodiment 3

[0057] In Embodiment 3, a black matrix for two pixels
adjacent to each other in the lateral direction (a direction
along a short side of the picture element) is formed. FIGS.
12 and 13 are explanatory views illustrating an example of
the mask pattern of the photo mask. FIG. 12 illustrates a first
mask pattern 1 of the photo mask, and FIG. 13 illustrates a
second mask pattern 2 of the photo mask. In the mask
patterns illustrated in FIG. 12 and FIG. 13, two patterns are
arranged in a checkered pattern, similar to FIGS. 8 and 9.
The respective patterns allow forming of a black matrix for
two pixels adjacent to each other in the lateral direction.
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Each of the first mask pattern 1 and the second mask pattern
2 allows exposure of a black matrix for four pixels in one
exposure process.

[0058] In Embodiment 3, since the black matrix for two
pixels adjacent to each other in the lateral direction is
simultaneously formed, there is no need to splice the black
matrix between the adjacent pixels. Therefore, as illustrated
in FIGS. 12 and 13, the width of the black matrix between
the adjacent pixels may also be set to be d12. As a result, it
is possible to improve the aperture ratio.

[0059] Be noted that the black matrix extending laterally
needs to have a width within a certain degree. A domain in
the vicinity of a bus line on a thin film transistor (TFT) side
formed in the transparent substrate 19 becomes a liquid
crystal misaligned place. If there is the liquid crystal mis-
aligned place, the domain will not turn black even when
displaying black, such that a decrease in a contrast occurs.
In order to shield the liquid crystal misaligned place, it is
necessary to secure the width of the black matrix within a
certain degree.

[0060] Further, in the above-described embodiments, a
method of bonding a color filter (CF) substrate and a TFT
substrate as a configuration of the liquid crystal display
panel is assumed, but it is not limited thereto. It is also
possible to apply to a liquid crystal display panel having a
CF on array (COA) structure in which the colored layer is
formed on the TFT substrate side.

[0061] In Embodiments 1 to 3, the mask pattern that can
form the black matrix in one pixel (three picture elements)
unit is employed, but it is not limited thereto. A mask pattern
that can form two or four or more adjacent picture elements
as one unit may be employed. In that case, it is possible to
decrease the width of the black matrix between a plurality of
picture elements constituting one unit.

[0062] Be noted that, in FIGS. 1, 6 and 11, a film thickness
of the black matrix 131 (a vertical dimension in the paper)
is uniformly illustrated. To be precise, the splicing part, that
is, a portion which is doubly exposed with the first mask
pattern 1 and the second mask pattern 2 has a slightly larger
film thickness than the other portions.

[0063] Technical characteristics (configuration require-
ments) described in each embodiment may be combined
with each other, and new technical characteristics may be
formed by combining the same. It should be understood that
the embodiments disclosed herein are illustrative and non-
restrictive in every respect. Since the scope of the present
invention is defined by the appended claims rather than by
the description preceding them, and all changes that fall
within metes and bounds of the claims, or equivalence of
such metes and bounds thereof are therefore intended to be
embraced by the claims.

[0064] It is noted that, as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise.

1-6. (canceled)
7. A liquid crystal display panel comprising two opposing
substrates provided with liquid crystal sealed therebetween,

wherein on one substrate a plurality of colored parts are
arranged so as to constitute one pixel, and a plurality of
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boundary regions are arranged between a plurality of
adjacent colored parts and around the plurality of
colored parts, and

wherein the boundary region arranged between adjacent

colored parts has a width smaller than that of the
boundary region arranged around the plurality of col-
ored parts.

8. The liquid crystal display panel according to claim 7,

wherein a plurality of the boundary regions arranged

around the plurality of colored parts are arranged at a
constant interval.

9. The liquid crystal display panel according to claim 8,

wherein the plurality of the boundary regions arranged

around the plurality of colored parts are arranged
between adjacent pixels.
10. A liquid crystal display apparatus comprising a liquid
crystal display panel according to claim 7 as a display
section.
11. A method of manufacturing a liquid crystal display
panel, comprising:
preparing a photo mask provided with linear patterns at
positions corresponding to boundary regions between a
plurality of adjacent colored parts and around the
plurality of colored parts, the liner pattern in a portion
corresponding to the boundary region between adjacent
colored parts having a width smaller than that of the
liner pattern in a portion corresponding to the boundary
region around the plurality of colored parts;

sequentially performing exposure on one substrate by
photolithography using the photo mask so that the
colored parts are arranged in a matrix to form lattice-
shaped boundary regions;

adding colors inside lattices formed by the boundary

regions to form a plurality of colored parts so as to
constitute respective pixels each including a plurality of
colored parts; and

opposing the one substrate and the other substrate, and

then sealing liquid crystal therebetween.

12. A method of manufacturing a liquid crystal display
panel, comprising:

preparing a photo mask provided with linear patterns at

positions corresponding to boundary regions between a
plurality of adjacent colored parts and around the
plurality of colored parts, the liner pattern in a portion
corresponding to the boundary region between adjacent
colored parts having a width smaller than that of the
liner pattern in a portion corresponding to the boundary
region around the plurality of colored parts, the photo
mask being capable of simultaneously forming bound-
ary regions corresponding to a plurality of pixels each
including a plurality of colored parts;

sequentially performing exposure on one substrate by

photolithography using the photo mask so that the
pixels are arranged in a matrix to form lattice-shaped
boundary regions;

adding colors inside lattices formed by the boundary

regions to form a plurality of colored parts so as to
constitute respective pixels; and

opposing the one substrate and the other substrate, and

then sealing liquid crystal therebetween.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
CPCH %5
HhEREESE

BEG®)

RELTER , RREREENRSE RERNHIESTE

US20170329177A1 NI (»&E)B

US15/526994 RiEH

WAL T AR IRFAABRAE

BHERTRHRBRLA

BHRRHRERAT

NAKAGAWA HIDETOSHI

NAKAGAWA, HIDETOSHI

GO02F1/1335

G02F1/133516 G02F2201/40 GO2F1/133512 G02F1/133514

Espacenet USPTO

RBETEARSEAMINWER , EERZAZHERE. £ &

WL, HESIREEHT UMK —INMEE ARSI RXEREES
MIBH R ERs cAHBRSIEEr, FEEHSNECHS <
HELAXBNRAENTEES I ECHIHENIRXENRE.

patsnap

2017-11-16

2014-11-28

LAY

AN

R\

AAVAMVAMAVAVA LY



https://share-analytics.zhihuiya.com/view/0ee673d9-c298-4705-b19b-31a4e742d02e
https://worldwide.espacenet.com/patent/search/family/056073846/publication/US2017329177A1?q=US2017329177A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170329177%22.PGNR.&OS=DN/20170329177&RS=DN/20170329177

