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(57) ABSTRACT

A liquid crystal display device includes a first substrate and
a second substrate disposed in opposition. The first substrate
includes gate lines, data lines, pixel electrodes, and an
insulating film being superimposed, in plan view, over the
gate lines, the data lines, and the pixel electrodes. The
second substrate includes a first colored portion transmitting
light of a first color, a second colored portion transmitting
light of a second color, and a light-shielding portion dis-
posed in a boundary area between the first colored portion
and the second colored portion, for blocking transmittance
of light of the first color and light of the second color. The
insulating film includes a first portion overlapping, in plan
view, the first colored portion or the second colored portion,
and a second portion overlapping, in plan view, the light-
shielding portion and being of thicker film thickness than the
first portion.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2016-042465 filed on Mar. 4, 2016, the
content of which is hereby incorporated by reference into
this application.

TECHNICAL FIELD

[0002] The present disclosure relates to a liquid crystal
display device and a method of manufacturing the liquid
crystal display device.

BACKGROUND

[0003] Liquid crystal display devices include a thin film
transistor substrate (hereinafter referred to as a TFT sub-
strate), a color filter substrate facing the TFT substrate
(hereinafter referred to as a CF substrate), and a liquid
crystal layer sandwiched between the TFT substrate and the
CF substrate. In the CF substrate, colored portions for
transmitting light of different colors (for example, red,
green, and blue) and light shielding sections (hereinafter
referred to as a black matrix) arranged in a boundary
between the respective colored portions are formed. A
known problem with conventional liquid crystal display
devices is that color mixing occurs due to light leakage from
adjacent pixel regions. The color mixing is caused, for
example, by positional deviation or the like when the TFT
substrate and the CF substrate are glued together. The color
mixing is noticeably observed particularly when the viewing
direction is oblique, which may degrade the display quality.
For example, when a red image is displayed and the red
pixels are viewed from an oblique direction, the red pixels
display a color mixed with green or blue.

[0004] Technology for reducing color mixing is disclosed
in the prior art. In a prior-art liquid crystal display device,
regions where amount of misalignment when the TFT sub-
strate and the CF substrate are glued together has been taken
into consideration, and regions where light shielding when
the display screen is viewed from an oblique direction has
been taken into consideration are added to regions for
forming the black matrix (See Japanese unexamined pub-
lished patent application No. H11-72801).

[0005] However, in the prior-art technology, owing to
enlarged width of the black matrix, a problem of the aperture
ratio of the pixels decreasing has arisen.

SUMMARY

[0006] The present disclosure has been made in view of
the above problems, and an object thereof is to provide a
liquid crystal display device and a method of manufacturing
the liquid crystal display device that can control to a
minimum deterioration in display quality due to color mix-
ing, with little decreasing of the aperture ratio of the pixels.
[0007] In one general aspect, the instant application
describes a liquid crystal display device includes a first
substrate and a second substrate disposed in opposition. The
first substrate includes gate lines, data lines, pixel electrodes,
and an insulating film being superimposed, in plan view,
over the gate lines, the data lines, and the pixel electrodes.
The second substrate includes a first colored portion trans-
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mitting light of a first color, a second colored portion
transmitting light of a second color, and a light-shielding
portion disposed in a boundary area between the first colored
portion and the second colored portion, for blocking trans-
mittance of light of the first color and light of the second
color. The insulating film includes a first portion overlap-
ping, in plan view, the first colored portion or the second
colored portion, and a second portion overlapping, in plan
view, the light-shielding portion and being of thicker film
thickness than the first portion.

[0008] The above general aspect may include one or more
of the following features.

[0009] The insulating film may be an organic insulating
film.
[0010] The first substrate may further include a common

electrode. The insulating film may be disposed between the
common electrode and the plurality of pixel electrodes.
[0011] In another general aspect, a method of manufac-
turing a liquid crystal display device. The including a first
substrate including a plurality of gate lines, a plurality of
data lines, a plurality of pixel electrodes, and an organic
insulating film, made of an organic material, being supet-
imposed, in plan view, over the plurality of gate lines, the
plurality of data lines, and the plurality of pixel electrodes,
and a second substrate including a first colored portion
transmitting light of a first color, a second colored portion
transmitting light of a second color, and a light-shielding
portion disposed in a boundary area between the first colored
portion and the second colored portion, for blocking trans-
mittance of light of the first color and light of the second
color. The liquid-crystal display device manufacturing
method includes a process of forming the organic insulating
film. The process of forming the organic insulating film
includes a step of forming an organic layer by coating an
organic photosensitive material onto the first substrate, and
a step of irradiating the organic layer with light beams of
differing amount of light onto a first portion of the organic
layer overlapping, in plan view, the first colored portion or
the second colored portion, and onto a second portion of the
organic layer overlapping, in plan view, the light-shielding
portion. In the step of forming the organic insulating film,
the second portion is formed to be of thicker layer thickness
than the first portion.

[0012] The liquid crystal display device may further com-
prise a thin film transistor. A third portion of the organic
layer is superimposed, in plan view, over the thin film
transistor. In the step of irradiating the organic layer with
light beams, the third portion is irradiated with a light beam
of amount of light different from that of the first portion and
the second portion, to remove the third portion of the organic
layer.

[0013] The organic photosensitive material may be a posi-
tive-type photosensitive synthetic resin. In the step of irra-
diating the organic film with light beams, the amount of light
that the first portion is irradiated with may be greater
compared with the amount of light that the second portion is.
[0014] In the step of irradiating the organic film with light
beams, the amount of light that the third portion of the
organic film being superimposed, in plan view, over the thin
film transistor is irradiated with may be greater compared
with the amount of light that the first portion is.

[0015] In another general aspect, a method of manufac-
turing a liquid crystal display device. The liquid crystal
display device includes a first substrate including a plurality
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of gate lines, a plurality of data lines, a plurality of pixel
electrodes, and an inorganic insulating film, made of an
inorganic material, being superimposed, in plan view, over
the plurality of gate lines, the plurality of data lines, and the
plurality of pixel electrodes, and a second substrate includ-
ing a first colored portion transmitting light of a first color,
a second colored portion transmitting light of a second color,
and a light-shielding portion disposed in a boundary area
between the first colored portion and the second colored
portion, for blocking transmittance of light of the first color
and light of the second color. The liquid-crystal display
device manufacturing method comprises a process of form-
ing the inorganic insulating film. The process includes a step
of forming an inorganic layer onto the first substrate, a step
of forming a resist layer by coating an organic photosensi-
tive material onto the inorganic layer, a step of irradiating
the inorganic layer with light beams of differing amount of
light onto a first region of the resist layer overlapping, in
plan view, the first colored portion or the second colored
portion, and onto a second region of the resist overlapping,
in plan view, the light-shielding portion, a first resist remov-
ing step of removing the first region of the resist layer and
leaving the second region of the resist layer; a first etching
step of etching portions of a first part of the inorganic layer
overlapping the first region in plan view; and a second resist
removing step of removing the second region of the resist
layer. In the step of forming the inorganic layer, a second
part of the inorganic layer overlapping the second region in
plan view is formed to be of thicker film thickness than the
first part of the inorganic layer.

[0016] The first substrate may further include a thin film
transistor. In the step of irradiating the inorganic layer with
light beams, a third region of the inorganic layer overlapping
at least a part of the thin film transistor in plan view may be
irradiated with a light beam of amount of light different from
that of the first region and the second region of the inorganic
layer, to remove the resist layer. The manufacturing method
further comprises a second etching step of removing, by
etching, a third part of the inorganic layer overlapping the
third region in plan view.

[0017] The organic photosensitive material may be a posi-
tive-type photosensitive synthetic resin. In the step of irra-
diating the inorganic layer with light beams, the amount of
light that the first region is irradiated with may be greater
compared with the amount of light that the second region is.
[0018] In the step of irradiating the inorganic film with
light beams, the amount of light that the third region
overlapping at least a part of the thin film transistor in plan
view may be irradiated with is greater compared with the
amount of light that the first part is.

[0019] In the configuration of the liquid crystal display
device and the manufacturing method of the liquid crystal
display device of the present disclosure, the liquid crystal
display device is able to reduce deterioration in display
quality due to color mixing, with little decreasing of the
aperture ratio of the pixels.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a plan view showing a schematic con-
figuration of a liquid crystal display device according to a
present embodiment;

[0021] FIG. 2 is a plan view showing a configuration of a
part of the display panel according to the present embodi-
ment;
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[0022] FIG. 3 is a cross sectional view taken along line
A-A'in FIG. 2;

[0023] FIG. 4 is a cross-sectional view taken along line
B-B' in FIG. 2;

[0024] FIGS. 5A-5C are diagrams showing a part of a
process of manufacturing an organic insulating film in the
liquid crystal display device according to the present
embodiment;

[0025] FIGS. 6A-6C are diagrams showing a part of a
process of manufacturing of the organic insulating film in
the liquid crystal display device according to the present
embodiment;

[0026] FIG. 7 is a sectional view taken along line B-B' in
FIG. 2, showing another configuration of the display panel
according to the present embodiment;

[0027] FIGS. 8A and 8B are diagrams showing a part of a
process of manufacturing an upper insulating film in the
liquid crystal display device according to the present
embodiment;

[0028] FIGS. 9A and 9B are diagrams showing a part of a
process of manufacturing the upper insulating film in the
liquid crystal display device according to the present
embodiment;

[0029] FIG. 10 is a diagram showing a part of a process of
manufacturing the upper insulating film in the liquid crystal
display device according to the present embodiment;
[0030] FIG. 11 is a sectional view taken along line B-B' in
FIG. 2, showing another configuration of the display panel
according to the present embodiment;

[0031] FIGS. 12A and 12B are diagrams showing a part of
a process of manufacturing the upper insulating film in the
liquid crystal display device according to the present
embodiment;

[0032] FIGS. 13A and 13B are diagrams showing a part of
a process of manufacturing the upper insulating film in the
liquid crystal display device according to the present
embodiment; and

[0033] FIG. 14 is a diagram showing a part of a process of
manufacturing the upper insulating film in the liquid crystal
display device according to the present embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] Embodiments of the present disclosure will be
described below with reference to the drawings.

[0035] FIG. 1 is a plan view showing an overall configu-
ration of the liquid crystal display device according to the
present embodiment. The liquid crystal display device 1
includes a display panel 10 for displaying images, drive
circuits (a data line driving circuit and a gate-line driving
circuit) for driving the display panel 10, a control circuit (not
shown) for controlling the drive circuits, and a backlight (not
shown) for illuminating the display panel 10 from the back
side. The driving circuits may be mounted on the display
panel 10.

[0036] FIG. 2 is a plan view showing a configuration of a
part of the display panel 10. FIG. 3 is a cross-sectional view
taken along line A-A' in FIG. 2, and FIG. 4 is a sectional
view taken along line B-B' in FIG. 2. As shown in FIG. 3,
the display panel includes a thin film transistor substrate
(hereinafter referred to as a TFT substrate) 100 disposed on
the back side, a color filter substrate (hereinafter referred to
as a CF substrate) 200 opposing the TFT substrate 100 and
disposed on the front side (display surface-side), and a liquid
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crystal layer 300 sandwiched between the TFT substrate 100
and the CF substrate 200. FIG. 2 is a perspective view of CF
substrate 200 taken from the front side of the TFT substrate
100.

[0037] As shown in FIG. 1 and FIG. 2, in the TFT
substrate 100, a plurality of data lines 11 extending in the
column direction, a plurality of gate lines 12 extending in the
row direction, and thin film transistors (hereinafter referred
to as TFTs) 13 near the respective intersections of the
plurality of data lines 11 and the plurality of gate lines 12 are
formed, and a rectangular region surrounded by two adjacent
data lines 11 and two adjacent gate lines 12 is defined as one
pixel 14, and a plurality of the pixels 14 are arranged in a
matrix manner (row and column directions). A pixel elec-
trode 15 is provided in each pixel 14. In the TFT substrate
100, a common electrode 20 that is common to the respec-
tive pixels 14 (shown in FIGS. 3 and 4) is provided. As
shown in FIG. 2, each pixel electrode 15 has openings (slits),
which are stripe-shaped. The TFTs 13 include a semicon-
ductor layer 18 made of amorphous silicon (a-Si) formed on
a gate insulating film 103 (shown in FIGS. 3 and 4), and a
drain electrode 16 and a source electrode 17 formed on the
semiconductor layer 18. The drain electrode 16 is electri-
cally connected to a data line 11. The source electrode 17
and the pixel electrode 15 are electrically connected to each
other through a contact hole 19. An organic insulation film
105 is formed on the TFT substrate 100, and as shown in
FIG. 2, the organic insulating film 105 in plan view is
opened in the vicinity of the source electrode 17.

[0038] A data signal (gradation voltage) is supplied from
the data line driving circuit to each data line 11, and a gate
signal (gate voltage) is supplied from the gate-line driving
circuit to each gate line 12. A common voltage Vcom 1is
supplied through common wiring 21 (shown in FIGS. 3 and
4) to the common electrode 20. When ON voltage of the gate
signal (gate-on voltage) is supplied to the gate line 12, the
TFT 13 connected to the gate line 12 is turned on, and via
the data line 11 that is connected to the TFT 13, the data
voltage is supplied to the pixel electrodes 15. An electric
field is generated by a difference between the data voltage
supplied to the pixel electrodes 15 and the common voltage
Veom supplied to the common electrode 20. This electric
field drives the liquid crystal and controls transmittance of
light from the backlight so as to display an image. In order
to realize a color display. a data voltage is supplied to each
data line 11 connected to the pixel electrodes 15 of the pixels
14 corresponding respectively to red, green, and blue formed
in stripe-shaped colored portions.

[0039] As shown in FIG. 3 and FIG. 4, in the CF substrate
200, a plurality of colored portions 202 are formed corre-
sponding to each pixel 14. FEach colored portion 202 is
surrounded by a black matrix 203 for shielding light from
transmitting, and is formed in a rectangular shape, for
example. Further, the plurality of colored portions 202
includes red colored portions 202R made of a red (R-color)
material that transmits red light, green colored portions
202G made of a green (G-color) material that transmits
green light, and blue colored portions 202B made of a blue
(B-color) material that transmits blue light. The red colored
portions 202R, green colored portions 202G, and blue
colored portions 202B are iteratively arrayed in that order
along the row direction. Colored portions 202 of the same
color are arrayed along the column direction. The black
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matrix 203 is formed in the boundary areas between colored
portions 202 adjoining along the row and column direction.
[0040] As shown in FIGS. 1 and 2, the plurality of pixels
14 include red pixels 14R corresponding to the red colored
portions 202R, green pixels 14G corresponding to the green
colored portions 202G, and blue pixels 14B corresponding
to the blue colored portions 202b. These pixels 14 are
arranged to correspond to the arrangement of the colored
portions 202, in that a red pixel 14R, a green pixel 14G, and
a blue pixel 14B are iteratively arrayed in that order along
the row direction, and pixels 14 having the same color are
arrayed along the column direction.

[0041] Next, with reference to FIGS. 3 and 4, a cross-
sectional structure of the pixels 14 will be described in
detail. FIG. 3 shows a cross-sectional view of a region
including a TFT in FIG. 2, taken along the row direction, and
FIG. 4 shows a sectional view of an opening region of the
pixel 14 in FIG. 2, taken along the row direction.

[0042] Referring to FIG. 3, in the TFT substrate 100, the
gate lines 12 are formed on a glass substrate 101. The gate
lines 12 are made of aluminum (Al), molybdenum (Mo),
titanium (T1), or a metal material having copper (Cu) as a
main component, or of a plurality of laminated layers of
these metal materials, or of an alloy in which tungsten (W),
manganese (Mn), titanium (Ti) or the like is added to the
above metal materials, or of stacked metal layers of any
combination of the above.

[0043] The gate insulating film 103 is formed covering the
gate lines 12. As a material of the gate insulating film 103,
a silicon nitride (SiN) can be used. The semiconductor layer
18 is formed on the gate insulating film 103. On the
semiconductor layer 18, the data lines 11, and the drain
electrodes 16 and the source electrodes 17 constituting the
TFTs 13 are formed. The drain electrodes 16 are electrically
connected to the data lines 11.

[0044] An interlayer insulating film 104 is formed cover-
ing the data lines 11, and the drain electrodes 16 and the
source electrodes 17. As a material of the interlayer insu-
lating film 104, a silicon nitride (SiN) or silicon dioxide
(810,) film can be used.

[0045] On the interlayer insulating film 104, an organic
insulating film 105 is formed. As the material of the organic
insulating film 105, an organic material such as a photosen-
sitive acrylic resin as its main component can be used. The
organic material has a relative permittivity of, for example,
4 or less, which is lower than the 6.7 relative permittivity of
silicon nitride (SiN). In the manufacturing process, the
organic material can be formed thicker than the silicon
nitride (SiN). The thickness of the organic insulating film
105 is set at, for example, from 1.5 to 3 um. Because the
relative permittivity is low, and the film thickness can be
thick, wiring capacitance that forms between the common
electrode 20 disposed on the organic insulating film 105, and
the data lines 11 or gate lines 12 disposed under the organic
insulating film 105 can be greatly reduced.

[0046] The common electrode 20 is formed on the organic
insulating film 105. The common electrode 20 is made of an
ITO transparent electrode material. Indium tin oxide or
indium zinc oxide, for example, may be used for the
common electrode 20. The area of each pixel 14 excepting
the region in which the TFT is formed is covered with the
common electrode 20. That is, the common electrode 20
covering the data lines 11 function as shield electrodes. It is
thereby possible to prevent electric field noise emitted from
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the data lines 11 from entering the liquid crystal layer 300.
On the common electrode 20, the common wiring 21 that
supplies a common voltage Vcom to the common electrode
20 is formed. The common wiring 21, as seen in plan view,
is formed so as to extend in the column direction so as to
overlap at least part of the data lines 11.

[0047] An upper layer insulating film 106 is formed cov-
ering the common electrode 20 and the common wiring 21.
A silicon nitride (SiN) can be used for the upper layer
insulating film 106. The pixel electrodes 15 are formed on
the upper layer insulating film 106. The pixel electrodes 15
are made of an ITO transparent electrode material. The pixel
electrodes 15 are electrically connected to the source elec-
trodes 17 through the contact holes 19 formed in the
interlayer insulating film 104, and the upper layer insulating
film 106. Although not shown, an alignment film is formed
so as to cover the pixel electrodes 15, and a polarizing plate
is formed on the outer side of the glass substrate 101.
[0048] In the CF substrate 200, the colored portions 202
(see FIG. 4) and the black matrix 203 are formed on the glass
substrate 201. The colored portions 202 are formed by, for
example, colored layers of red, green and blue pigment-
dispersion photoresists, and the black matrix 203 is formed
either of an organic polymer material utilizing a black
pigment, or of a metal material. The overcoat film 204 is
formed covering the colored portions 202 and the black
matrix 203, and an alignment film 205 is formed on the
overcoat film 204. Although not shown, the polarizing plate
1s formed on the outer side of the glass substrate 201.
[0049] As shown in FIG. 4, in a plan view of the display
panel 10, the organic insulating film 105 includes first
portions 105¢ that overlap the colored portions 202 (open-
ings in the pixels 14), and second portions 1055 that overlap
the black matrix 203 that is located in the boundary between
two adjoining colored portions 202a. For example, in plan
view of the display panel 10, the first portions 105a are
formed in positions overlapping the red colored portions
202R, the green colored portions 202G, and the blue colored
portions 202B (the openings in each pixel 14), and the
second portions 1055 are formed in position overlapping the
black matrix 203 located in the boundary between the red
colored portions 202R and the green colored portions 202G,
and in positions overlapping the black matrix 203 located in
the boundary between the green colored portions 202G and
the blue colored portions 202B, and in positions overlapping
the black matrix 203 located in the boundary between the
blue colored portions 202B and the red colored portions
202R. The second portions 1055 are formed in positions
overlapping the data lines 11 in plan view of the display
panel 10.

[0050] The thickness t2 of the second portions 1055 is
thicker than the thickness t1 of the first portions 105a
(t2>t1). And the thickness t3 of the organic insulating film
105 (see F1G. 3) formed near the regions where the data lines
11 and the gate lines 12 cross each other is substantially the
same as the thickness t1 of the first portions 105a (t3=~t1). In
this way, the organic insulating film 105 has different film
thicknesses depending on location. The thickness of the
organic insulation film 105 can be made to differ according
to location by, for example, changing exposure amount
according to a position in a process of forming the organic
insulating film 105 (so-called halftone exposure), or by
providing a step by means of etching a layer formed on a
base layer after the base layer has been formed, or by other
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such methods. A detailed method of manufacturing the
organic insulating film 105 by halftone exposure will be
described later.

[0051] The common electrode 20 is formed on the organic
insulating film 105, and the common wiring 21 is formed on
the common electrode 20. And the upper layer insulating
film 106 is formed covering the common electrode 20 and
the common wiring 21. The stripe-shaped pixel electrodes
15 are formed on the upper layer insulating film 106.
[0052] According to the above configuration, the thickness
of the liquid crystal layer 300 (hereinafter referred to as a
cell gap) located in the boundary between adjacent colored
portions 202 can be smaller than the cell gap in the opening
of the pixels 14. This makes it possible to control to a
minimum variation in the polarization state of light trans-
mitting obliquely through the liquid crystal layer 300 located
in the boundary between adjacent colored portions 202. That
light can be easily blocked by the polarizing plate on the CF
substrate 200 side. As a result, color mixing can be reduced
when the display screen is viewed from an oblique direction.
Also, in the above-described configuration, since it is not
necessary to widen the width of the black matrix 203 as in
the conventional manner, the aperture ratio does not
decrease. Furthermore, in the aforementioned configuration,
the cell gap can be reduced by taking advantage of conven-
tional components (organic insulating film, for example).
Since it is not necessary to add new components, increase in
product cost can also be kept under control.

[0053] Next, a process of manufacturing the liquid crystal
display device 1 will be described. Because the CF substrate
200 can be manufactured by known techniques, explanation
thereof is omitted. Here, a manufacturing process of the TFT
substrate 100 will be described. The method of manufac-
turing the liquid crystal display device 1 according to the
present embodiment includes, for example, first to sixth
photolithography steps.

[0054] In the first photoetching step, a metal material is
deposited on the glass substrate 101 by sputtering and is
patterned. As a result, a planar pattern of the gate lines 12
and the gate electrodes 102 is formed. The metal material is,
for example, a multilayer film of copper (Cu) layer with a
thickness of 100 to 300 nm, and a molybdenum Mo layer
deposited thereon.

[0055] In a second photoetching step, by chemical vapor
deposition (CVD) process so as to cover the gate lines 12,
the gate insulating film 103 of silicon nitride SiN and the
semiconductor layer 18 made of amorphous silicon a-Si are
deposited on the gate insulating film 103. Further, on the
semiconductor layer 18, a laminated film of molybdenum
(Mo) and copper (Cu) is formed by sputtering. Subse-
quently, the data lines 11, the drain electrodes 16 and the
source electrodes 17 are formed utilizing halftone exposure
at one step. The material of the metal wiring is the same as
the material of the gate lines 12. Next, an interlayer insu-
lating film 104 of silicon nitride SiN is laminated by a
chemical vapor deposition (CVD) process such as to cover
the data lines 11, the drain electrodes 16, and the source
electrodes 17.

[0056] In a third photoetching step, on the interlayer
insulating film 104, the organic insulating film 105 is formed
utilizing halftone exposure. FIGS. SA, 5B, and 5C are
diagrams showing steps of forming the organic insulating
film 105 in a region that includes a TFT. FIGS. 6A, 6B and
6C are diagrams showing steps of forming the organic
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insulating film 105 in the opening region of the pixels 14.
The steps of forming the organic insulating film 105 include
mainly a coating step, an exposure step, and an etching step.
[0057] As shown in FIG. 5 and FIG. 6, in the coating step,
an organic material 60 of positive-type photosensitive
acrylic is coated on the interlayer insulating film 104. Next,
in the exposure step, the organic material 60 is exposed
utilizing halftone exposure so that the thickness 12 of the
second portion 1054 is thicker than the thickness t1 of the
first portion 105a. For example, the exposure amount is set
to 0 (no exposure) for the organic material 60 in a region
corresponding to the boundary between two adjoining col-
ored portions 202 and, the exposure amount is set at 1 (full
exposure) for the organic material 60 in the regions corre-
sponding to the TFT 13 formation areas, and the exposure
amount is set to %2 (half-exposure) for the organic material
60 in the regions corresponding to the opening areas of the
pixels 14. Finally, in the development step the organic
insulating film 105 is formed by removing the exposed
portions of the organic material 60. In these processes, the
organic insulating film 105 composed of the first portions
105¢ with the film thickness t1 and the second portions 10556
with the film thickness 12 can be formed. As the organic
insulating film 105, an organic material 60 of a photosen-
sitive-negative type may be used. In this case, the exposure
amount is set to 1 (full exposure) for the organic material 60
in regions corresponding to the boundary between two
adjoining colored portions 202, and the exposure amount is
set to 0 (no exposure) for the organic material 60 in the
regions corresponding to the TFT 13 formation areas.
[0058] In a fourth photoetching step, on the organic insu-
lation film 105, indium tin oxide (ITO) is formed into a film,
and the common electrode 20 is shaped by photoetching.
[0059] In a fifth photoetching step, on the common elec-
trode 20, the common wiring 21 made of metal material is
formed.

[0060] In a sixth photoetching step, the upper layer insu-
lating film 106 is formed by a chemical vapor deposition
(CVD) process such as to cover the common electrode 20
and the common wiring 2. Further, the contact holes 19 are
formed by dry etching the interlayer insulating film 104 and
the upper layer insulating film 106, so as to reach the source
electrode 17.

[0061] Ina seventh photoetching step, a film of indium tin
oxide (ITO) being a transparent electrode material is formed
by sputtering on the upper layer insulating film 106 and
inside the contact holes 19. And the pixel electrodes 15 are
formed by photoetching. The pixel electrodes 15 are pat-
terned to form slits. A portion of the pixel electrodes 15 is
formed directly on the source electrodes 17. Thereby, the
pixel electrodes 15 and the source electrodes 17 are electri-
cally connected to each other.

[0062] Through the aforementioned steps, a TFT substrate
100 of the liquid crystal display device 1 is manufactured.
[0063] The configuration of the liquid crystal display
device 1 is not limited to the above configuration. More
specifically, the configuration that the cell gap located in the
boundary between adjoining colored portions 202 is smaller
than the cell gap at the opening areas in the pixels 14 is not
limited to the above configuration. For example, as shown in
FIG. 7, the upper layer insulating film 106 may include a
first portion 106a that overlaps the colored portions 202
(opening areas of the pixels 14) and a second portion 1065
that overlaps the black matrix 203 positioned in boundary
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between two adjoining colored portions 202 in plan view of
the display panel 10. More specifically. in plan view of the
display panel 10, the first portions 106a are formed in
regions overlapping the red colored portions 202R, the green
colored portions 202G, and the blue colored portions 202B
(opening areas of the pixels 14), second portions 1065 are
formed in a position overlapping the black matrix 203
located in the boundary between the red colored portions
202R and the green colored portions 202G, in a position
overlapping the black matrix 203 located in the boundary
between the green colored portions 202G and the blue
colored portions 202B, and in the position overlapping the
black matrix 203 located in the boundary between the blue
colored portions 202B and the red colored portions 202R.
The second portion 1065 is further formed in a position
overlapping the data lines 11 in plan view of the display
panel 10. And the film thickness of the second portion 1065
is thicker than the film thickness of the first portion 106a.
According to the above configuration, the cell gaps located
in the boundary between adjacent colored portions 202 can
be even smaller than the cell gaps in the positions corre-
sponding to the opening areas in the pixels 14.

[0064] A method of manufacturing the upper layer insu-
lating film 106 shown in FIG. 7 will be described with
reference to FIGS. § to 11.

[0065] In a first step, a positive-type resist 50 is coated on
the upper layer insulating film 106 (referring to FIG. 8A).
Next, in an exposure step, utilizing halftone exposure, the
resist 50 is exposed so that the film thickness in regions 50a
overlapping the black matrix 203 located in the boundary
between adjacent colored portions 202 is thicker than the
film thickness of the areas overlapping the colored portions
202 (opening areas in the pixels 14).

[0066] For example, the exposure amount is set to 0 (no
exposure) for the resist 50 in the regions 50a overlapping the
black matrix 203 located in a boundary between two adjoin-
ing colored portions 202, and the exposure amount is set to
1 (full exposure) for the resist 50 in regions corresponding
to the source electrodes 17 of the TFTs 13, and the exposure
amount is set to ¥> (half-exposure) for the resist 50 in the
regions corresponding to the opening areas in the pixels 14.
Finally, in the development step, a resist 50 that differs in
film thickness is formed by removing surplus resist. Open-
ings are formed in the resist 50 above the source electrodes
17. As the resist 50, a negative-type photosensitive resin
may be used. In this case, the exposure amount is set to 1
(full exposure) for the resist 50 in regions corresponding to
boundary between two adjoining colored portions 202, and
the exposure amount is set to 0 (no exposure) for the resist
50 in regions corresponding to the source electrodes 17 of
the TFT 13.

[0067] In asecond step, with the aforementioned resist 50
patterned in the first step, the upper layer insulating film 106
that is exposed through the openings, the interlayer insulat-
ing film 104 depending on the situation, is dry-etched
(referring to FIG. 8B). Here, the thickness of the insulating
film to be residual is set to be substantially the same
thickness as the thickness of the upper layer insulating film
106 that is dry-etched in a fourth step described below.
[0068] In athird step, a part of the resist 50 is removed by
ashing (see FIG. 9A). As a result, the resist 50 in the region
except the regions 50a overlapping the black matrix 203
located in the boundary between adjacent colored portions
202 is removed.
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[0069] 1Ina fourth step, with the resist 50 in the region 50a,
the upper layer insulating film 106, and the interlayer
insulating film 104 which is exposed through the openings
are dry-etched (see FIG. 9B). Thus, the source electrode 17
is exposed, and the contact holes 19 are formed.

[0070] In a fifth step, the resist 50 in the regions 50a is
removed. As a result, the upper layer insulating film 106 is
formed so that the thickness in the regions 50 overlapping
the black matrix 203 located in the boundary between
adjacent colored portions 202 is thicker than the thickness of
the areas overlapping the colored portions 202.

[0071] Although in the above etching steps dry-etching is
used, wet-etching may be used. In the above description,
methods of forming an upper layer insulating film 106 of
differing thickness are described. By similar methods, it is
possible to provide film thickness differences in the gate
insulating film 103 or the interlayer insulating film 104.
[0072] In the configuration shown in FIG. 7, the film
thickness of the organic insulation film 105 may be substan-
tially uniform (t1=t2=t3).

[0073] Further, the liquid crystal display device 1 need not
include the organic insulating film 105. In this case, as
shown in FIG. 7, the upper layer insulating film 106 may
have a thicker film thickness in the regions 50a. Although
not shown, the gate insulating film 103 may have thicker
film areas, similar to the upper layer insulating film 106.
[0074] The method of forming the upper layer insulating
film 106 is not limited to the above method. Hereinafter,
another method of forming the upper layer insulating film
106 will be described with reference to FIGS. 12 to 14. In
the following description, description regarding the same
steps as the forming steps shown in FIGS. 8 to 10 will be
omitted.

[0075] A first step is the same as the first step shown in
FIG. 8A (refer to FIG. 12A). In the first step, a resist 50 of
partially differing film thickness is formed so that it is
opened in regions located above the source electrodes 17.
[0076] In a second step, with the resist 50 formed in the
first step, the upper layer insulating film 106 and the
interlayer insulating film 104 positioned below the regions
where the openings have been formed are subject to dry-
etching until the source electrodes 17 are exposed (refer to
FIG. 12B). Thus, the source electrodes 17 are exposed, and
the contact holes 19 are formed.

[0077] A third step is the same as the third step shown in
FIG. 9A (referring to FIG. 13A). In the third step, the resist
50 in the regions except for the regions 50a overlapping the
black matrix 203 located at the boundary between adjacent
colored portions 202 is removed.

[0078] In the fourth step, with the resist 50 in the regions
50a, the upper layer insulating film 106 is subjected to
dry-etching to a desired film thickness (referring to FIG.
13B).

[0079] A fifth step is the same as the fifth step shown in
FIG. 10 (referring to FIG. 14). In the fifth step, the upper
layer insulating film 106 in which the film thickness in the
regions 50a overlapping the black matrix 203 located at the
boundary between adjacent colored sections 202 is thicker
than the film thickness in the regions overlapping each
colored section 202 is formed.

[0080] As described above, in the liquid crystal display
device 1, the insulating film overlaps the gate lines 12, the
data lines 11, and the pixel electrodes 15 in plan view. The
insulating film includes the first portions overlapping, in
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plan view, the first colored sections 202 that transmit light of
a first color or the second colored sections 202 that transmit
light of a second color, and the second portions overlapping,
in plan view, the black matrix 203. The second portions are
of thicker film thickness than the first portions. In the above
configuration, as shown in FIG. 11, the film thickness of the
common wiring 21 may be made thicker. In this way, in the
present embodiments, with conventional components con-
stituting a liquid crystal display device 1, the cell gap in the
boundary between adjacent colored sections 202 is smaller
than the cell gap of the openings in the pixels 14.
[0081] Furthermore, the pixel configuration of the liquid
crystal display device 1 described above is structured in an
in-plane switching (IPS) scheme, but is not limited thereto.
For example, the common electrode 20 may be formed on
the CF substrate 200. Further, in the liquid crystal display
device 1 described above, the common electrode 20 is
arranged in the lower layer, and the pixel electrodes 15 are
arranged in the upper layer. However, the pixel electrodes 15
may be arranged in the upper layer and the common elec-
trode 20 may be arranged in the upper layer.
[0082] Further, in the liquid crystal display device 1
described above, the colored sections 202 include the red
colored sections 202R, the green colored sections 202G, and
the blue colored sections 202B, but not being limited
thereto, may include other colored sections that transmit
colors other than red, green and blue.
[0083] Although exemplary embodiments of the present
disclosure are described above, the present disclosure is not
limited to these exemplary embodiments. It is noted that
other embodiments properly changed from the exemplary
embodiments described above by those skilled in the art
without departing from the scope of the present disclosure
are fully supported by the present disclosure.
What is claimed is:
1. A liquid crystal display device comprising:
a first substrate and a second substrate disposed in oppo-
sition; wherein
the first substrate includes
a plurality of gate lines, a plurality of data lines, a
plurality of pixel electrodes, and an insulating film
being superimposed, in plan view, over the plurality
of gate lines, the plurality of data lines, and the
plurality of pixel electrodes;
the second substrate includes
a first colored portion transmitting light of a first color,
a second colored portion transmitting light of a
second color, and a light-shielding portion disposed
in a boundary area between the first colored portion
and the second colored portion, for blocking trans-
mittance of light of the first color and light of the
second color; and
the insulating film includes
a first portion overlapping, in plan view, the first
colored portion or the second colored portion, and
a second portion overlapping, in plan view, the light-
shielding portion and being of thicker film thickness
than the first portion.
2. The liquid crystal display device of claim 1, wherein
the insulating film is an organic insulating film.
3. The liquid crystal display device of claim 1, wherein:
the first substrate further includes a common electrode;
and
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the insulating film is disposed between the common

electrode and the plurality of pixel electrodes.

4. A method of manufacturing a liquid crystal display
device including a first substrate including a plurality of gate
lines, a plurality of data lines, a plurality of pixel electrodes,
and an organic insulating film, made of an organic material,
being superimposed, in plan view, over the plurality of gate
lines, the plurality of data lines, and the plurality of pixel
electrodes, and a second substrate including a first colored
portion transmitting light of a first color, a second colored
portion transmitting light of a second color, and a light-
shielding portion disposed in a boundary area between the
first colored portion and the second colored portion, for
blocking transmittance of light of the first color and light of
the second color, the liquid-crystal display device manufac-
turing method comprising:

aprocess of forming the organic insulating film, including

astep of forming an organic layer by coating an organic
photosensitive material onto the first substrate, and

a step of irradiating the organic layer with light beams
of differing amount of light onto a first portion of the
organic layer overlapping, in plan view, the first
colored portion or the second colored portion, and
onto a second portion of the organic layer overlap-
ping, in plan view, the light-shielding portion;
wherein

in the step of forming the organic insulating film, the
second portion is formed to be of thicker layer
thickness than the first portion.

5. The liquid-crystal display device manufacturing
method of claim 4, wherein:

the liquid crystal display device further comprises a thin

film transistor; and

in the step of irradiating the organic layer with light

beams, a third portion of the organic layer being
superimposed, in plan view, over the thin film transistor
is irradiated with a light beam of amount of light
different from that of the first portion and the second
portion, to remove the third portion of the organic layer.

6. The liquid-crystal display device manufacturing
method of claim 4, wherein:

the organic photosensitive material is a positive-type

photosensitive synthetic resin; and

in the step of irradiating the organic film with light beams,

the amount of light that the first portion is irradiated
with is greater compared with the amount of light that
the second portion is.

7. The liquid-crystal display device manufacturing
method of claim 6, wherein in the step of irradiating the
organic film with light beams, the amount of light that the
third portion of the organic film being superimposed, in plan
view, over the thin film transistor is irradiated with is greater
compared with the amount of light that the first portion is.

8. A method of manufacturing a liquid crystal display
device including a first substrate including a plurality of gate
lines, a plurality of data lines, a plurality of pixel electrodes,
and an inorganic insulating film, made of an inorganic
material, being superimposed, in plan view, over the plural-
ity of gate lines, the plurality of data lines, and the plurality
of pixel electrodes, and a second substrate including a first
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colored portion transmitting light of a first color, a second
colored portion transmitting light of a second color, and a
light-shielding portion disposed in a boundary area between
the first colored portion and the second colored portion, for
blocking transmittance of light of the first color and light of
the second color, the liquid-crystal display device manufac-
turing method comprising:

a process of forming the inorganic insulating film, includ-

ing

a step of forming an inorganic layer onto the first
substrate,

a step of forming a resist layer by coating an organic
photosensitive material onto the inorganic layer, a
step of irradiating the inorganic layer with light
beams of differing amount of light onto a first region
of the resist layer overlapping, in plan view, the first
colored portion or the second colored portion, and
onto a second region of the resist overlapping, in
plan view, the light-shielding portion;

a first resist removing step of removing the first region
of the resist layer and leaving the second region of
the resist layer;

a first etching step of etching portions of a first part of
the inorganic layer overlapping the first region in
plan view; and

a second resist removing step of removing the second
region of the resist layer; wherein

in the step of forming the inorganic layer, a second part
of the inorganic layer overlapping the second region
in plan view is formed to be of thicker film thickness
than the first part of the inorganic layer.

9. The liquid-crystal display device manufacturing
method of claim 8, wherein:

the first substrate further includes a thin film transistor;

in the step of irradiating the inorganic layer with light

bearms, a third region of the inorganic layer overlapping
at least a part of the thin film transistor in plan view is
irradiated with a light beam of amount of light different
from that of the first region and the second region of the
inorganic layer, to remove the resist layer; and

the manufacturing method further comprises a second

etching step of removing, by etching, a third part of the

inorganic layer overlapping the third region in plan
view.

10. The liquid-crystal display device manufacturing
method of claim 8, wherein:

the organic photosensitive material is a positive-type

photosensitive synthetic resin; and

in the step of irradiating the inorganic layer with light

beams, the amount of light that the first region is

irradiated with is greater compared with the amount of
light that the second region is.

11. The liquid-crystal display device manufacturing
method of claim 10, wherein in the step of irradiating the
inorganic film with light beams, the amount of light that the
third region overlapping at least a part of the thin film
transistor in plan view is irradiated with is greater compared
with the amount of light that the first part is.

I S T



patsnap

TREBHR(OF) BEETRERHESIESZE
[F(2E)F US20170255052A1 [ (r&)B 2017-09-07
BiES US15/448608 RiEH 2017-03-03

RE(EFR)AGE) WT®RSERCO. , LTD.
HABREEANR)AGE) MTHRSERERCO., LTD.

FRIRBAA SAKAKIBARA TATSUHITO
KAJITA DAISUKE
FUSE DAISUKE
OKE RYUTARO

REBEA SAKAKIBARA, TATSUHITO
KAJITA, DAISUKE
FUSE, DAISUKE
OKE, RYUTARO

IPCH %S GO02F1/1335 G02F1/1333 G02F1/1362 GO2F1/1368 G02F 1/1343

CPCH%S GO02F1/133512 G02F1/1368 G02F1/134309 G02F1/133514 G02F1/133516 G02F2202/28 G02F1
/133345 G02F2201/121 G02F2201/123 G02F2202/023 G02F1/136286 G02F2202/02

£ A 2016042465 2016-03-04 JP
H th 23 FF S0k US9910313

SNEBEEE Espacenet USPTO
WEGF)

—MHRBERRE  SEENRENE -ERNFE_ER. F-ERS
EMRL  BiEL  BREBRNEFERBPEMRL , RELNERERS
WMEBMWELER. F-ERTVEEHE-HFEANE-—BECHD , &
HE—HEXNE—ECHY  URREEE-—EEHINE_EEH
2B RXEPEXRS , A THEYE RSB RNE
“HeNANESRR, LZETFEFERFEE-BRHINE-F
BHRIEBNE By  UAREFERGTEEXHIEBHEERLSE Al
— WP EENREENSE -5 =

iR L]

11

m—|
—
—
—
—
—

=
g
-t

COLUMN
DIREGTION

ROW
DIRECTION


https://share-analytics.zhihuiya.com/view/9c8a2093-42ff-4c82-975a-eb64cd05bb00
https://worldwide.espacenet.com/patent/search/family/059724181/publication/US2017255052A1?q=US2017255052A1
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=%2220170255052%22.PGNR.&OS=DN/20170255052&RS=DN/20170255052

