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(57) ABSTRACT

A liquid crystal display device with a higher aperture ratio is
provided. According to one embodiment of the present inven-
tion, second color filters are formed so as to overlap with first
color filters when adjacent color filters having different colors
are formed on the TFT substrate side, so that the angle of the
first tapers where said first color filters overlap and the angle
of the second tapers where said second color filters overlap
are set to 45° or more and 90° or less.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD FOR SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority over Japa-
nese Applications JP2009-145057 filed on Jun. 18, 2009 and
JP2009-220215 filed on Sep. 25, 2009, the contents of which
are hereby incorporated into this application by reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and a manufacturing method for the same, and in
particular, to a so-called COA (color-filter on array) liquid
crystal display device where color filters are provided on the
TFT substrate side, as well as a manufacturing method for the
same.

[0004] (2) Description of the Related Art

[0005] Liquid crystal display devices (panels) have a pair of
substrates that are positioned so as to face each other and
sandwich liquid crystal as a housing, and thus are formed so
that the light transmittance of the liquid crystal can be inde-
pendently controlled in each pixel. Therefore, a number of
pixels, which are units for color display, are each provided
with color filters of different colors, and these color filters are
formed on the surface of the above described substrate that
forms the housing, on the liquid crystal side.

[0006] Signallines which run between adjacent pixels, thin
film transistors which are switching elements for selecting
pixels, and pixel electrodes to which a video signal is supplied
through a thin film transistor are formed on the surface of one
of the substrates (in some cases referred to as TFT substrate),
on the liquid crystal side of the pair of substrates that form the
housing of the liquid crystal display device.

[0007] Though the above described color filters are usually
formed on the substrate that faces the above described TFT
substrate (in some cases referred to as facing substrate), in
recent years color filters have come to be provided also on the
TFT substrate side.

[0008] JP2002-357828A, JP2003-050387A and JP2005-
084231A all disclose a liquid crystal display device where
color filters are provided on the TFT substrate side. JP2002-
357828A shows a configuration where color filters of differ-
ent colors provided on the two sides of the above described
signal lines overlap above the signal lines (source lines), and
the table (Table 1) shows the width of the above described
signal lines and the angle of the taper at the overlapping end
of the color filters. JP2003-050387 A also shows a configura-
tion where color filters of different colors provided on the two
sides of the above described signal lines overlap above the
signallines (source lines; in the figure the width is 40 um), and
the table (Table 1) also shows the width of the above
described signal lines and the angle of the taper at the over-
lapping end of the color filters. JP2005-084231A also shows
aconfiguration where color filters of different colors provided
on the two sides of the above described signal lines overlap
above the signal lines. However, the width of the above
described signal lines and the angle of the taper at the over-
lapping end of the color filters are not shown.

[0009] Inaddition, in liquid crystal display devices, at least
a great number of pixels are formed in a matrix so as to form
a display region on the surface of a pair of substrates posi-
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tioned so as to face each other and sandwich liquid crystal, on
the liquid crystal side. In addition, pixel electrodes provided
for each pixel, thin film transistors for selecting pixels, signal
lines (gate signal lines) for driving these thin film transistors,
and signal lines (drain signal lines) for supplying a video
signal to the pixel electrodes through the thin film transistors
are formed on the surface of one substrate, on the liquid
crystal side.

[0010] In liquid crystal display devices for color display,
color filters made of a resin material containing a pigment are
usually formed on the substrate on which pixel electrodes and
thin film transistors are not formed (TFT substrate), and these
color filters allow three adjacent pixels to form a unit pixel for
color display.

[0011] In recent years, however, color filters have come to
be formed on the substrate on which pixel electrodes and thin
film transistors are formed. This is the reason why this type of
liquid crystal display device is referred to as COA (color-filter
onarray). In this case, color filters are usually formed so as to
cover thin film transistors and work as a protective film for
preventing the properties of the thin film transistors from
deteriorating due to the direct contact with the liquid crystal.
[0012] In this case, pixel electrodes are electrodes for gen-
erating an electrical field across the liquid crystal, and there-
fore formed in a layer above the color filters. Therefore,
contact holes are usually created in the color filters for elec-
trical connection with the thin film transistors formed in a
layer beneath the color filters.

[0013] JP2001-330851A and JP2000-29069A  are
examples of documents relating to the present invention.
JP2002-357828A describes a COA liquid crystal display
device where microscopic contact holes are created in the
color filters in accordance with a laser irradiation method or a
dry etching method or through exposure to light or collective
development. In addition, JP2003-050387A describes how a
negative photosensitive resin film is formed of a color filter
material on a light blocking film so that contact holes can be
created in the color filter through exposure to light from the
rear and development using the light blocking film as a mask
in a COA liquid crystal display device.

SUMMARY OF THE INVENTION

[0014] The liquid crystal display devices disclosed in the
above JP2002-357828 A and JP2003-050387A, however, are
both formed so that the angle of the taper at the overlapping
end of the color filters is small. In addition, though JP2005-
084231 A does not disclose the angle of the taper of the color
filters, as described above, it also can be assumed to be small.
[0015] Thus, the width of the overlapping portion of the
color filters may be large in accordance with the small angle
of the above described taper. In addition, the overlapping
region of the color filters have a relatively large step, so that
the alignment film formed on the surface that makes direct
contact with the liquid crystal cannot be prevented from
becoming abnormal in its alignment. Thus, portions with
abnormal alignment are blocked from receiving light by mak-
ing the width of the signal lines in the lower layer large, for
example, and as a result, pixel regions surrounded by the
signal lines become narrow, and the aperture ratio of the
pixels becomes smaller.

[0016] An object of the present invention is to provide a
liquid crystal display device with a higher aperture ratio.
[0017] In addition, it is preferable to make the diameter of
the contact holes created in the color filters smaller, in order to
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increase the aperture ratio of the pixels in the COA liquid
crystal display described above. In the case where the color
filter layer made of a resin material is relatively thick and
diameter of the contact holes has to be smaller, however, it is
desirable for the surface of the side walls of the contact holes
to be steep; that is to say, for the angle of the side walls to be
wide relative to the surface of the substrate (angle of taper of
the contact holes).

[0018] Here, in a matrix of pixels, the color filters are red
(R), blue (B) and green (G), for example, and color filters of
the same color that cover pixels aligned in the direction y are
aligned in such a manner that red (R), blue (B) and green (G)
repeat in this order, for example, in the direction x. In this
case, adjacent color filters of different colors overlap along
the ends, and it is desirable for the width of the overlapping
portion (amount of overlap of color) (color overlapping por-
tion) and the height of the color overlapping portion (step of
color overlap) to be small. This is because this makes the
aperture ratio of the pixels is higher, the surface of the color
filters flatter, and the alignment film more reliable.

[0019] In the case where the color filters are patterned
together with the creation of contact holes, as described
above, in accordance with well-known photolithographic
technology, however, the surface of the side walls at the end of
the color filters become steep; that is to say, the angle of the
edge relative to the surface of the substrate (angle of taper in
the color overlapping portions) becomes wide when the angle
of the taper in the contact holes is wider. As a result, the
amount of color overlap in the color overlapping portions and
the step of color overlapping end up greater between adjacent
color filters of different colors.

[0020] Another object of the present invention is to provide
a COA liquid crystal display device where the angle of the
taper in the contact holes is wide and the angle of the taper in
the color overlapping portions is small, as well as a manufac-
turing method for the same.

[0021] The liquid crystal display device according to the
present invention is formed so that the angle of the taper at the
overlapping ends of the color filters is wide and the width of
the signal lines in the layer beneath the overlapping regions of
the color filters is small.

[0022] The present invention can provide the following
structures, for example.

[0023] (1) The liquid crystal display device according to the
present invention has a pair of substrates that are positioned so
as to face each other and sandwich liquid crystal, wherein

[0024] gate signal lines made of a light blocking material
which run in a first direction and are aligned in a second
direction which crosses the above described first direction,
and drain signal lines made of alight blocking material which
run in the above described second direction and are aligned in
the above described first direction, are formed on the surface
of one of the two substrates, on the liquid crystal side, and

[0025] thin film transistors which are turned on by a scan-
ning signal through a gate signal line and pixel electrodes to
which a video signal is supplied from a drain signal line
through a thin film transistor when turned on are provided in
pixel regions, pixel regions being defined as regions sur-
rounded by two adjacent gate signal lines and two adjacent
drain signal lines, and 1s characterized in that

[0026] each of the above described pixel regions is pro-
vided with at least a gate signal line, a drain signal line and a
color filter formed in a layer above a thin film transistor,
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[0027] overlapping regions between adjacent first color fil-
ters and second color filters are provided in regions in which
the above described drain signal lines or the above described
gate signal lines are formed as viewed from the top, and
[0028] the angleofthe first taper of the above described first
color filters formed in the above described overlapping
regions is set to 45° or more and 90° or less relative to the
surface of the above described drain signal lines or gate signal
lines, the angle of the second taper of the above described
second color filters formed in the above described overlap-
ping regions is setto 45° or more and 90° or less relative to the
surface of the above described first color filters, and the width
of the above described signal lines is set to 1 wm or more and
4 um or less.

[0029] (2) The liquid crystal display device according to the
present invention is (1), characterized in that the film thick-
ness of each color filter is set to 1 wm or more and 4 pum or less.
[0030] (3) The liquid crystal display device according to the
present invention is (1), characterized in that the film thick-
ness of each color filter is set to 1 wm or more and 4 pum or less,
and the overlapping portions between the above described
first color filters and the above described second color filters
have a step of 1 pm or less.

[0031] (4) The liquid crystal display device according to the
present invention is any of (1) to (3), characterized in that the
end of the first taper of the above described first color filters
overlaps with the second taper of the above described second
color filters.

[0032] (5)The liquid crystal display device according to the
present invention is any of (1) to (4), characterized in that the
angle of the first taper of the above described first color filters
formed in the above described overlapping regions is set to
45° ormore and 70° or less relative to the surface of the above
described drain signal lines or gate signal lines, and the angle
of the second taper of the above described second color filters
formed in the above described overlapping regions is set to
45° ormore and 70° or less relative to the surface of the above
described first color filters.

[0033] (6) The liquid crystal display device according to the
present invention is any of (1) to (5), characterized in that the
density of the pigment in the above described color filters is
10% or more and 60% or less.

[0034] (7) The liquid crystal display device according to the
present invention is any of (1) to (6), characterized in that the
density of the pigment in the above described second color
filters is lower than the density of the pigment in the above
described first color filters.

[0035] (8) The liquid crystal display device according to the
present invention is any of (1) to (7), characterized in that the
relative dielectric constant of the above described color filters
is 3.0 or more and 7.0 or less.

[0036] (9) The liquid crystal display device according to the
present invention is any of (1) to 8, characterized in that the
above described color filters are formed in accordance with a
selective etching method by means of photolithographic tech-
nology using an aligner or stepper.

[0037] In addition, in accordance with the manufacturing
method for a liquid crystal display device according to the
present invention, so-called halftone exposure to light is used
for patterning COA color filters, so that the angle of the tapers
in the contact holes is wide and the angle of the taper in the
color overlapping portions is small.

[0038] The present invention can provide the following
structures, for example.



US 2010/0321283 Al

[0039] (10) The manufacturing method for a liquid crystal
display device according to the present invention relates to a
manufacturing method for a liquid crystal display device
having: a pair of substrates provided so as to face each other
and sandwich liquid crystal, gate signal lines which run in a
first direction and are aligned in a second direction which
crosses the above described first direction, and drain signal
lines which run the above described second direction and are
aligned in the above described first direction; thin film tran-
sistors driven by a scanning signal from a gate signal line; and
color filters formed so as to cover the above described gate
signal lines, the above described drain signal lines and the
above described thin film transistors, and pixel electrodes
formed in a layer above these color filters.

[0040] Furthermore, the manufacturing method for a liquid
crystal display device according to the present invention is
characterized by comprising the steps of: forming the above
described color filters with color overlapping portions where
adjacent color filters having different colors overlap above
said gate signal lines or drain signal lines as viewed from the
top, and at the same time creating contact holes for electri-
cally connecting the above described pixel electrodes to the
above described thin film transistors; and carrying out half-
tone exposure to light in the contact hole portion of each color
filter, color overlapping portion, or both, so that the angle of
the taper in the above described color overlapping portion is
smaller than the angle of the taper of the above described
contact holes when the above described color filters are
formed in accordance with photolithographic technology.
[0041] (11) The manufacturing method for a liquid crystal
display device according to the present invention is (10),
characterized in that the angle of the taper in the above
described color overlapping portions in the above described
color filters is 30° or more and 75° or less.

[0042] (12) The manufacturing method for a liquid crystal
display device according to the present invention is (10),
characterized in that the angle of the taper in the above
described contact holes in the above described color filters is
45° or more and 90° or less.

[0043] (13) The manufacturing method for a liquid crystal
display device according to the present invention is (10),
characterized in that the color filters are formed so as too
contain a pigment, and the density of the pigment is 10% or
more and 60% or less.

[0044] (14) The manufacturing method for a liquid crystal
display device according to the present invention is (10),
characterized in that the amount of color overlap in the above
described color overlapping portions in the above described
color filter is 1 um or more and 7 uM or less.

[0045] (15) The manufacturing method for a liquid crystal
display device according to the present invention is (10),
characterized in that the halftone exposure to light in the
above described color overlapping portions in the above
described color filters is carried out in an area 1 pm to 5 pm
from the end of the above described color filters.

[0046] (16) The manufacturing method for a liquid crystal
display device according to the present invention is (10),
characterized in that the halftone exposure to light in the
above described contact portions in the above described color
filters is carried out in an area 1 pm to 5 um from the edge of
the above described contact portions.

[0047] (17) The liquid crystal display device according to
the present invention has: a pair of substrates provided so as to
face each other and sandwich liquid crystal, gate signal lines
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which run in a first direction and are aligned in a second
direction which crosses the above described first direction,
and drain signal lines which run the above described second
direction and are aligned in the above described first direc-
tion; thin film transistors driven by a scanning signal from a
gate signal line; and color filters formed so as to cover the
above described gate signal lines, the above described drain
signal lines and the above described thin film transistors, and
pixel electrodes formed in a layer above these color filters.
[0048] Furthermore, the liquid crystal display device
according to the present invention is characterized in that the
above described color filters have color overlapping portions
where adjacent color filters having different colors overlap
above the above described gate signal lines or the above
described drain signal lines as viewed from the top and con-
tact holes for electrically connecting the above described
pixel electrodes to the above described thin film transistors;
and the angle of the taper in the above described color over-
lapping portion is smaller than the angle of the taper of the
above described contact holes.

[0049] (18) The liquid crystal display device according to
the present invention is (17), characterized in that the angle of
the taper in the above described color overlapping portions in
the above described color filters is 30° or more and 75° or less.
[0050] (19) The liquid crystal display device according to
the present invention is (17), characterized in that the angle of
the taper in the above described contact holes in the above
described color filters is 45° or more and 90° or less.

[0051] (20) The liquid crystal display device according to
the present invention is (17), characterized in that the color
filters are formed so as too contain a pigment, and the density
of the pigment is 10% or more and 60% or less.

[0052] (21) The liquid crystal display device according to
the present invention is (17), characterized in that the amount
of color overlap in the above described color overlapping
portions in the above described color filter is 1 um or more and
7 um or less.

[0053] Here, the above described structures are merely
examples, and various modifications are possible for the
present invention, as long as the technological idea is not
deviated from. In addition, examples of the structure of the
present invention other than those described above will
become clearer throughout the descriptions in the present
specification and the drawings.

[0054] In the above described Liquid crystal display
device, it is possible to increase the aperture ratio. In addition,
in the above described liquid crystal display device and
according to the manufacturing method for the same, the
angle of the taper in the contact holes is widerand the angle of
the taper in the color overlapping portions is smaller in the
COA color filter.

[0055] Other effects of the present invention will become
clearer throughout the descriptions in the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1is a cross sectional diagram along line I-I in
FIG. 2 showing the liquid crystal display device according to
an embodiment of the present invention;

[0057] FIG. 2 is a plan diagram showing a pixel for the
liquid crystal display device according to one embodiment of
the present invention;

[0058] FIG. 3 is a cross sectional diagram for illustrating
the effects of the liquid crystal display device according to the
present invention;



US 2010/0321283 Al

[0059] FIG. 4 is a cross sectional photograph showing a
pixel of the liquid crystal display device according to one
embodiment of the present invention;

[0060] FIG. 5 is a diagram for illustrating the manufactur-
ing method for a color filter in the liquid crystal display device
according to one embodiment of the present invention;
[0061] FIG. 6is aplandiagram showing a pixel of theliquid
crystal display device according to one embodiment of the
present invention;

[0062] FIG.71isacross sectional diagram along line in FIG.
2

[0063] FIG. 8 is a cross sectional diagram along line TV-1V
in FIG. 2;

[0064] FIG. 9 is a graph showing the angle of the taper in
the color overlapping portions acquired for the amount of
light for exposure for different densities for the pigment con-
tained in the color filters; and

[0065] FIG. 10 is a graph showing the color overlapping
step for the angle of the taper in the color overlapping portions
for different color overlapping amounts between adjacent
color filters.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0066] The embodiments of the present invention are
described below in reference to the drawings. Here, the same
symbols are used for components that are the same or similar
in the drawings and embodiments, and descriptions that are
the same are not repeated.

First Embodiment

[0067] The liquid crystal display device according to the
present invention has a pair of substrates that are positioned so
as to face each other and sandwich liquid crystal, wherein gate
signal lines made of a light blocking material which run in a
first direction and are aligned in a second direction which
crosses the above described first direction, and drain signal
lines made of alight blocking material which run in the above
described second direction and are aligned in the above
described first direction, are formed on the surface of one of
the two substrates, on the liquid crystal side, and thin film
transistors which are turned on by a scanning signal through
a gate signal line and pixel electrodes to which a video signal
is supplied from a drain signal line through a thin film tran-
sistor when turned on are provided in pixel regions, pixel
regions being defined as regions surrounded by two adjacent
gate signal lines and two adjacent drain signal lines. Further-
more, each of the above described pixel regions is provided
with at least a gate signal line, a drain signal line and a color
filter formed in a layer above a thin film transistor. In addition,
first color filters are provided so as to overlap with adjacent
second color filters having a different color so as not to
protrude from the regions where the above described drain
signal lines or gate signal lines are formed as viewed from the
top. First tapers are formed in the portions where the above
described first color filters overlap the above described sec-
ond color filters. Second tapers are formed in the portions
where the above described second color filters are overlapped
by the above described first color filters. The angle of the first
taper is set to 45° or more and 90° or less relative to the surface
of the above described drain signal lines or gate signal lines,
the angle of the second taper of the above described second
color filters formed in the above described overlapping
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regions is set to 45° or more and 90° or less relative to the
surface of the above described first color filters, and the width
of the above described signal lines is set to 1 wm or more and
4 um or less.

<Structure of Pixels>

[0068] FIG. 2 is a plan diagram showing the structure of a
pixel in the liquid crystal display device according to the
present invention, and the product for which the above
described liquid crystal display device is used is of a 2.0 type
VGA (400 ppi). The pixel shown in FIG. 2 is one of a number
of pixels aligned in a matrix. Thus, pixels having the same
structure are formed on the left, right, top and bottom of the
pixel in the figure. In addition, FIG. 1 shows a pixel formed on
one of the two substrates positioned so as to face each other
and sandwich liquid crystal—namely, that referred to as TFT
substrate. Here, FIG. 1 1s a cross sectional diagram along line
I-1in FIG. 2.

[0069] In FIG. 2, a semiconductor layer PS made of poly-
silicon, forexample, is formed inisland form on the surface of
a substrate SUBI (see FIG. 1). This semiconductor layer PS
forms a semiconductor layer for a thin film transistor TFT and
is patterned so as to be bent at the center and have portions
with a large area at both ends. Here, the thin film transistor
TFT is an MIS (metal insulator semiconductor) transistor
having a so-called top gate structure where the gate electrode
is formed in a layer above the semiconductor layer PS, as
described below.

[0070] Aninsulating film GI (see FIG. 1) is formed so as to
cover the semiconductor layer PS on the surface of the sub-
strate SUBL1. This insulating film GI works as a gate insulat-
ing film for the above described thin film transistor TFT in the
region where the thin film transistor TFT is formed.

[0071] Gate signal lines GL which run in the direction x in
the figure and are aligned in the direction y are formed on the
surface of the insulating film GI. These gate signal lines GL
are formed of a light blocking material. These gate signal
lines GL are formed so as to run between pixels aligned in the
direction y in the figure. In addition, the gate signal lines GL
are formed so as to cross one point on the above described
semiconductor layer PS, and at the same time have a protru-
sion which crosses another point on the above described
semiconductor layer PS (indicated by the symbol GLpj in the
figure). As a result, the gate signal lines GL work as a gate
electrode for the thin film transistor TFT at the point where
they cross the semiconductor layer PS (double gate). Here, in
the semiconductor layer PS, the channel region for the thin
film transistor TFT is formed in the region directly beneath
the above described gate electrode when an impurity is
injected using the above described gate electrode as a mask,
after the formation of the gate signal lines GL.

[0072] An interlayer insulating film IN1 (see FIG. 1) is
formed so as to cover the gate signal lines GL on the surface
of the insulating film GI, and drain signal lines DL which run
in the direction y in the figure and are aligned in the direction
x are formed on the upper surface of this interlayer insulating
film IN1. These drain signal lines DL are formed of a light
blocking material. The drain signal lines DL are formed so as
to run between pixels aligned in the direction x in the figure.
Here, the width W of the drain signal lines DL is very small—
for example 3 um—in comparison with the prior art. This is in
order to increase the area of the pixels and the aperture ratio of
the pixels. The drain signal lines DL are formed above the
region where one end of the above described semiconductor
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layer PS has a large area, and electrically connected to one
end of the above described semiconductor layer PS through a
through hole TH1 created in the interlayer insulating film IN1
in advance. The portions of the drain signal lines DL that are
electrically connected to the semiconductor layer PS work as
the drain electrode DT of a thin film transistor TFT.

[0073] In addition, the source electrode ST of the thin film
transistor TFT is formed above the region where the other end
of the above described semiconductor layer PS has a large
area when the drain signal lines DL are formed, and this
source electrode ST is electrically connected to the above
described end of the semiconductor layer PS through a
through hole TH2 created in the interlayer insulating film IN1
in advance. This source electrode ST is connected to the
below described pixel electrode PX.

[0074] A passivation film PAS (see FIG. 1) is formed on the
surface of the interlayer insulating film IN1 on which the
drain signal lines DL (drain electrodes DT) and the source
electrodes ST of the thin film transistors TFT are formed, as
described above, so as to cover the drain signal lines DL
(drain electrodes DT) and the source electrodes ST. This
passivation film PAS is formed so as to prevent the thin film
transistors TFT from making contact with the liquid crystal,
for example, and has a two-layer structure of an inorganic
insulating film PAS1 (see FIG. 1) and an organic insulating
film PAS 2 (see FIG. 1), for example.

[0075] Here, the organic insulating film PAS 2 is formed of
a resin material, for example, and also works as a color filter
CF. The color filters CF have the same color in pixel groups of
pixels aligned in the direction y in FIG. 2, for example, and
are patterned in strips covering the above described pixels.
Thus, blue (B) color filters CF (indicated by the symbol
CF(B) in the figure), red (R) color filters CF (indicated by the
symbol CF(R) in the figure), and green (G) color filters CF
(indicated by the symbol CF(G) in the figure) patterned in
strips, as described above, are aligned so as to repeat in this
order in the direction x in the figure. The pixel in FIG. 2 forms
aunit pixel for color display together with the pixels to its left
and right. The color filter CF(R) in FIG. 2 has a portion (color
overlapping portion) that overlaps the color filter CF(B) to its
left above the drain signal line DL (indicated by the symbol
DL (DL1) in the figure), and a portion (color overlapping
portion) that overlaps the color filter CF(G) to its right above
the drain signal line DL (indicated by the symbol DL (DLr) in
the figure). The structure of this color filter CF is described in
detail below.

[0076] A counter electrode CT made of a transparent con-
ductive film, such as of ITO (indium tin oxide) is formed on
the top surface of the color filter CF, which also works as a
passivation film PAS 2. This counter electrode CT is formed
as a flat electrode which almost completely covers each pixel,
and crosses the drain signal line DL so as to be shared by
pixels aligned in the direction x in the figure. A reference
signal that becomes a reference for a video signal is supplied
to this counter electrode CT from outside the display region.
[0077] An interlayer insulating film IN2 (see FIG. 1) is
formed on the surface on which the counter electrode CT is
formed so as to cover the above described counter electrode
CT, and a pixel electrode PX made of ITO, for example, is
formed for each pixel on the surface of this interlayer insu-
lating film IN2. The pixel electrode PX is formed of a number
of lines (two in the figure) which run in the direction y in the
figure and are aligned in the direction X, for example. In
addition, these electrodes are patterned so as to be connected
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to each other at the ends on the same side. This is in order to
keep the number of electrodes at the same potential. In addi-
tion, the pixel electrode PX is electrically connected to the
source electrode ST of the thin film transistor TFT through a
through hole TH3 that is created in the interlayer insulating
film IN2, the passivation film PAS2 (color filter CF) and the
passivation film PAS1 in advance at the end on the thin film
transistor TFT side.

[0078] Though not shown in FIG. 1, an alignment film is
formed on the interlayer insulating film IN2 so as to cover the
pixel electrode PX, and this alignment film makes direct
contact with the liquid crystal, so that the direction in which
liquid crystal molecules are initially aligned can be deter-
mined.

<Structure of Color Filters CF>

[0079] As shown in FIG. 1, color filters CF include first
color filters, second color filters and third color filters. In the
case of this, first embodiment, the first color filters are blue
filters CF(B), the second color filters are red filters CF(R) and
the third color filters are green filters CF(G). The color filters
CF are formed in the order of blue (B), red (R) and green (G).
These color filters CF all have a film thickness of 2.0 um. In
this case, color filters CF of different colors are provided so as
to overlap above the drain signal lines DL.

[0080] In FIG. 1, DLr is a drain signal line for sending a
data signal to a red pixel, and DLg is a drain signal line for
sending a data signal to a green pixel.

[0081] The red filter CF(R) overlaps the blue filter CF(B)
above the red drain signal line DLr. The green filter CF(G)
overlaps the red filter CF(R) above the green drain signal line
DLg. Though not shown in FIG. 1, the green filter CF(G)
overlaps the blue filter CF(B) above the blue drain signal line.
In the image display region, these color filters for different
colors are aligned so as to repeat. In addition, tapers having an
angle 61 as viewed in a cross section are formed at the two
ends of the first color filters. A taper having an angle 621 as
viewed 1n a cross section is formed at the one end of the
second color filters in the portion where they overlap with the
first color filters, and a taper having an angle 622 as viewed in
a cross section is formed at the other end of the second color
filters. A taper having an angle 831 as viewed in a cross
section is formed at the one end of the third color filters in the
portion where they overlap with the second color filters, and
the taper in the portion where the third color filter overlaps the
first color filter as viewed in a cross section is formed at the
other end of the third color filters. The overlapping portions
between the color filters are formed in regions which are
narrower than the width of the drain signal lines.

[0082] Here, though the overlapping regions are located
above the drain signal lines in the present embodiment, the
same structure may be used in the case where the overlapping
regions are located above the gate signal lines.

[0083] Theblue filter CF(B) is formed so that the end does
not protrude from the end of the above described drain signal
line DLron the pixel side where the red filter CF(R) is formed,
and a taper having an angle 01 (of 45)° relative to the surface
of the above described drain signal line DLr is formed (the
abovedescribed angle 01 is in some cases referred to as angle
of the taper). In order to gain the angle 01 of the taper
described above in the blue filter CF(B), selective etching
using photolithographic technology may be carried out on a
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resin material containing 30% of a blue pigment. That is to
say, the angle 81 ofthe taper can be controlled by means of the
pigment content.

[0084] The red filter CF(R) is formed so that the end does
not protrude from the end of the above described drain signal
line DL1 on the pixel side where the blue filter CF(B) is
formed. Furthermore, the angle 621 of the taper of the red
filter is set to 50° relative to the surface of the above described
first color filter (the above described angle 621 is in some
cases referred to as angle of the taper). In order to gain the
angle 621 of the taper described above in the red filter CF(R),
selective etching using photolithographic technology may be
carried out on a resin material containing 30% or a red pig-
ment. In this case, the photolithographic technology makes
high-precision processing possible, if a method using an
aligner or a stepper is adopted. The other end of the red filter
CF(R) is formed on the drain signal line (indicated by the
symbol DLg in the figure) adjacent to the above described
drain signal line DLr. A taper having an angle 622 (of 50°)
relative to the surface of the above described drain signal line
DLr is formed so as not to protrude from the end of the above
described drain signal line DLr on the pixel side where the
green filter CF(G) is formed.

[0085] The green filter CFR(g) is formed so that the end
does not protrude from the end of the above described drain
signal line DL1 on the pixel side where the color filter CF(R)
is formed. In addition, a taper having an angle 63 (of 60°)
relative to the surface of the above described drain signal line
DLg is formed (the above described angle 63 is in some cases
referred to as angle of the taper). In order to gain the above
described angle 63 of the taper in the green filter CF(G),
selective etching using photolithographic technology may be
carried out on a resin material containing 40 5 of a blue
pigment.

[0086] The thus formed color filters CF have relatively
large taper angles formed at their ends, so that the region for
the overlapping portions (overlapping region) is relatively
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narrow when adjacent color filters CF having different colors
are formed so as to overlap. Thus, the overlapping region can
be contained within the region of the width W (3 um) of the
drain signal lines DL. As a result, the width of the drain signal
lines DL can be narrowed to the above described value, so that
the aperture ratio of the pixels can be increased.

[0087] Here, in the case of the above described configura-
tion, the difference in thickness between the color filters CF
having different colors and their overlapping portions can be
confirmed to be smaller. FIG. 3 is a diagram showing over-
lapping color filters CF(B), CF(R), CF(G) and CF(B) aligned
in this order from the left. As shown in FIG. 3, the difference
in thickness DL1 between the color filter CF(B) and the
portion of the color filter CF(R) that overlaps the color filter
CF(B) is 0.4 um, the difference in thickness D2 between the
color filter CF(B) and the portion of the color filter CF(G) that
overlaps the color filter CF(B) is 0.6 pm, and the difference in
thickness DL3 between the color filter CF(R) and the portion
of the color filter CF(G) that overlaps the color filter CF(R) is
0.8 um. The difference is much smaller than in the prior art,
and the area of the alignment film formed on the surface that
makes direct contact with the liquid crystal, where the align-
ment is abnormal, can be contained within the width W of the
above described drain signal lines DL (3 um). In addition, in
FIGS. 2 and 3, the end of the color filters in the upper layer
extends to the flat portion of the color filters in the lower layer
(surface parallel to the upper surface of the signal wires).
[0088] Here, the product for which the invention is used,
the width of the TFT wires (width of drain signal lines DL),
the aperture ratio (aperture ratio of pixels), the order in which
G, R and B are layered (the order in which color filters of
different colors are layered), the GRB properties (propetties
of the color filters having different colors, and the difference
in thickness between each color filter and their overlapping
portions in the configuration in the above described first
embodiment appear in this order in the row corresponding to
the first embodiment in the following Table 1.

TABLE 1

Embodiments of Present Invention

Difference in thickness

Product Order GRB properties between color filters
for which Width in which Film Relative  Angle and overlapping portions
invention of TFT  Aperture GRBare Pigment thick- dielectric of Dif-

Embodiment is used wires ratio layered  Color density  ness constant  taper Location ference
Comparative 20typeVGA  12um 33% G—-R—-B G 40% 2.0 um 3.7 10° Portion R overlapping G 1.2 ym
Example 1 (400 ppi) R 30%  2.0um 35 10°  Portion B overlapping G 1.2 pm

B 30%  2.0um 3.6 10° Portion B overlapping R~ 1.2 um
First 2.0 type VGA 3um 65% B—-R—-G G 40% 2.0 um 37 60° Portion R overlapping B 0.4 um
Embodiment (400 ppi) R 30%  2.0um 35 50°  Portion G overlapping B 0.6 pm

B 30%  2.0um 3.6 45> Portion G overlapping R~ 0.8 pm
Second 2.0 type VGA 4 pm 62% G—=R—B G 20%  4.0um 3.6 45° Portion R overlapping G 0.2 pm
Embodiment (400 ppi) R 10% 4.0 ym 3.0 45° Portion B overlapping G 0.2 pm

B 10% 4.0 ym 33 45° Portion B overlapping R~ 0.2 pm
Third 2.0 type VGA 2 um 69% B—=R—-G G 60% 1.0 um 7.0 90° Portion R overlapping B 0.4 um
Embodiment (400 ppi) R 50%  1.0um 6.0 80°  Portion G overlapping B 0.6 um

B 40% 1.0 um 5.0 70°  Portion G overlapping R~ 0.8 pm
Fourth 2.0 type VGA 2 um 69% G—-R—-B G 50%  1.0um 7.0 90°  Portion R overlapping G 1.0 pm
Embodiment (400 ppi) R 40% 1.0 um 6.0 80> Portion B overlapping G 0.8 um

B 40% 1.0 pm 5.0 70° Portion B overlapping R~ 0.6 pm
Fifth 4.0type QVGA  3um 91% R—»G—B G 30%  3.0um 4.0 50° Portion G overlapping R~ 0.4 pm
Embodiment (100 ppi) R 30%  2.8um 4.0 55° Portion B overlapping R~ 0.5 pm

B 30% 2.6 um 4.0 60° Portion B overlapping G 0.6 pm
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TABLE 1-continued
Embodiments of Present Invention
Difference in thickness
Product Order GRB properties between color filters
for which Width in which Film Relative  Angle and cverlapping portions
invention of TFT  Aperture  GRB are Pigment thick-  dielectric of Dif-
Embodiment is used wires ratio layered  Color demsity — ness constant  taper Location ference
Sixth 2.0 type VGA 4 pm 2% G—-R—-B G 20%  1.0pm 39 60°  Portion R overlapping G 0.4 pm
Embodiment (400 ppi) R 10% 1.0 um 33 60°  Portion B overlapping G 0.4 pm
B 10% 1.0 um 36 60° Portion B overlapping R~ 0.4 ym
Seventh 2.0 type VGA 2 pm 69% B—-R—-G G 60% 4.0 um 6.0 80° Portion R overlapping B 0.3 ym
Embodiment (400 ppi) R 50% 4.0 pm 5.0 70°  Portion G overlapping B 0.5 pm
B 40% 4.0 um 4.0 60°  Portion G overlapping R~ 0.7 pm
[0089] That is to say, as shown in FIG. 2, the order in which constant is 3.6, and the angle of the taper is 45°. The density

color filters CF of different colors are formed is CF(B), CF(R)
and CF(G). In this case, the color filters CF(G) have a relative
dielectric constant of 3.7 and the angle 03 of the taper at the
end is 60° when the density of the pigment is 40% and the film
thickness is 2.0 pm, the color filters CF(R) have a relative
dielectric constant of 3.5 and the angle 62 of the taper at the
end is 50° when the density of the pigment is 30% and the film
thickness 1s 2.0 um, and the color filters CF(B) have a relative
dielectric constant of 3.6 and the angle 01 of the taper at the
end is 50° when the density of the pigment is 30% and the film
thickness is 2.0 um. In addition, the difference in thickness
between the color filters CF(B) and the color filters CF(R)
overlapping the color filters CF(B) is 0.4 um, the difference in
thickness between the color filters CF(B) and the color filters
CF(G) overlapping the color filters CF(B) is 0.6 pm, and the
difference in thickness between the color filters CF(R) and the
color filters CF(QG) overlapping the color filters CF(R) is 0.8
um. Thus, the aperture ratio of pixels is as high as 65%.
[0090] In addition, the end of the color filter in the upper
layer in FIG. 4 is over the taper of the color filter in the lower
layer. In the case of this configuration also, the angle 61 of the
first taper of the first color filter formed in the overlapping
region is set to 45° or more and 90° or less relative to the
surface of the drain signal line or gate signal line, while the
angle 62 of the second taper of the second color filter formed
in the overlapping region is set to 45° or more and 90° or less
relative to the surface of the first color filter, and the width of
the signal lines is set to 1 pm or more and 4 pm or less.
[0091] In this configuration, the overlapping regions
between adjacent first and second color filters are located
within the regions where the drain signal lines and the gate
signal lines are formed as viewed from the top.

Second Embodiment

[0092] The second embodiment onward have more or less
the structure shown in FIGS. 1 to 3, and therefore, the follow-
ing descriptions are also based on Table 1.

[0093] The product for which the invention is used is the
same as in the first embodiment. The order in which color
filters CF for each pixel are layered in unit pixels is green (G),
red (R) and blue (B). In the following descriptions, green is
simply referred to as G, red is simply referred to as R, and blue
1s simply referred to as B for the sake of simplicity.

[0094] The density of the pigment in the color filters G is
20%, the film thickness is 4.0 um, the relative dielectric

of the pigment in the color filters R is 10%, the film thickness
is 4.0 um, the relative dielectric constant is 3.0, and the angle
of the taper is 45°. The density of the pigment in the color
filters B is 10%, the film thickness is 4.0 pum, the relative
dielectric constant is 3.3, and the angle of the taperis 45°. The
difference in thickness between the color filters for G and the
color filters for R overlapping the color filters for G is 0.2 um,
the difference in thickness between the color filters for G and
the color filters for B overlapping the color filters for Gis 0.2
um, and the difference in thickness between the color filters
forR and the color filters for B overlapping the color filters for
Ris 0.2 pm. As a result, the wires are as narrow as 4 pm, and
the aperture ratio of the pixels is as high as 62%.

Third Embodiment

[0095] The product for which the invention is used is the
same as in the first embodiment. The order in which color
filters for each pixel are layered in unit pixels is B, R and G.

[0096] The density of the pigment in the color filters B is
40%, the film thickness is 1.0 um, the relative dielectric
constant is 5.0, and the angle of the taper is 70°. The density
of the pigment in the color filters R is 50%, the film thickness
is 1.0 um, the relative dielectric constant is 6.0, and the angle
of the taper is 80°. The density of the pigment in the color
filters G is 60%, the film thickness is 1.0 pm, the relative
dielectric constant is 7.0, and the angle of the taper is 90°. The
difference in thickness between the color filters for B and the
color filters for R overlapping the color filters for B is 0.4 um,
the difference in thickness between the color filters for B and
the color filters for G overlapping the color filters for B is 0.6
um, and the difference in thickness between the color filters
for R and the color filters for G overlapping the color filters for
R is 0.8 um. As a result, the wires are as narrow as 2 pum, and
the aperture ratio of the pixels is as high as 69%.

[0097] Here, in the case of this, third embodiment, the
density of the pigment in the color filters in the lower layer in
the overlapping portions is smaller than the density of the
pigment in the color filters in the upper layer (it may be the
same in the case where the density of the pigment is as in the
following fourth embodiment). In this case, the angle of the
taper is small when the density of the pigment is small, and
therefore, the lower layer has a small taper angle. Thus, as is
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clear from Table 1, the difference in thickness between color
filters and their overlapping portions can be made smaller.

Fourth Embodiment

[0098] The product for which the invention is used is the
same as in the first embodiment. The order in which color
filters for each pixel are layered in unit pixels is G, R and B.
[0099] The density of the pigment in the color filters G is
50%, the film thickness is 1.0 um, the relative dielectric
constant is 7.0, and the angle of the taper is 90°. The density
of the pigment in the color filters R is 40%, the film thickness
is 1.0 um, the relative dielectric constant is 6.0, and the angle
of the taper is 80°. The density of the pigment in the color
filters B is 40%, the film thickness is 1.0 pm, the relative
dielectric constant is 5.0, and the angle of the taperis 70°. The
difference in thickness between the color filters for G and the
color filters for R overlapping the color filters for Gis 1.0 pum,
the difference in thickness between the color filters for G and
the color filters for B overlapping the color filters for Gis 0.8
um, and the difference in thickness between the color filters
for R and the color filters for B overlapping the color filters for
Ris 0.6 um. As a result, the wires are as narrow as 2 pm, and
the aperture ratio of the pixels is as high as 69%.

Fifth Embodiment

[0100] The product for which the invention is used is a 4.0
type QVGA (100 ppi). The order in which color filters for
each pixel are layered in unit pixels is R, G and B.

[0101] The density of the pigment in the color filters R is
30%, the film thickness is 2.8 um, the relative dielectric
constant is 4.0, and the angle of the taper is 55°. The density
of the pigment in the color filters G is 30%, the film thickness
is 3.0 um, the relative dielectric constant is 4.0, and the angle
of the taper is 50°. The density of the pigment in the color
filters B is 30%, the film thickness is 2.6 um, the relative
dielectric constant is 4.0, and the angle of the taperis 60°. The
difference in thickness between the color filters for R and the
color filters for G overlapping the color filters for R is 0.4 um,
the difference in thickness between the color filters for R and
the color filters for B overlapping the color filters for R is 0.5
pm, and the difference in thickness between the color filters
for G and the color filters for B overlapping the color filters for
G is 0.6 um. As a result, the wires are as narrow as 3 pm, and
the aperture ratio of the pixels is as high as 91%.

Sixth Embodiment

[0102] The product for which the invention is used is the
same as in the first embodiment. The order in which color
filters for each pixel are layered in unit pixels is G, R and B.
[0103] The density of the pigment in the color filters G is
20%, the film thickness is 1.0 um, the relative dielectric
constant is 3.9, and the angle of the taper is 60°. The density
of the pigment in the color filters R is 10%, the film thickness
is 1.0 pm, the relative dielectric constant is 3.3, and the angle
of the taper is 60°. The density of the pigment in the color
filters B is 10%, the film thickness is 1.0 um, the relative
dielectric constant is 3.6, and the angle of the taperis 60°. The
difference in thickness between the color filters for G and the
color filters for R overlapping the color filters for G is 0.4 um,
the difference in thickness between the color filters for G and
the color filters for B overlapping the color filters for G is 0.4
pm, and the difference in thickness between the color filters
for R and the color filters for B overlapping the color filters for
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R is 0.4 um. As a result, the wires are as narrow as 4 pum, and
the aperture ratio of the pixels is as high as 62%.

Seventh Embodiment

[0104] The product for which the invention is used is the
same as in the first embodiment. The order in which color
filters for each pixel are layered in unit pixels is B, R and G.
[0105] The density of the pigment in the color filters B is
40%, the film thickness is 4.0 um, the relative dielectric
constant is 4.0, and the angle of the taper is 60°. The density
of the pigment in the color filters R is 50%, the film thickness
is 4.0 um, the relative dielectric constant is 5.0, and the angle
of the taper is 70°. The density of the pigment in the color
filters G is 60%, the film thickness is 4.0 pm, the relative
dielectric constant is 6.0, and the angle of the taper is 80°. The
difference in thickness between the color filters for B and the
color filters for R overlapping the color filters for B 1s 0.3 um,
the difference in thickness between the color filters for B and
the color filters for G overlapping the color filters for B is 0.5
wm, and the difference in thickness between the color filters
for R and the color filters for G overlapping the color filters for
Ris 0.7 pm. As a result, the wires are as narrow as 2 pm, and
the aperture ratio of the pixels is as high as 69%.

Comparative Example 1

[0106] The product for which the invention is used is the
same as in the first embodiment. The order in which color
filters for each pixel are layered in unit pixels is G, R and B.
[0107] The density of the pigment in the color filters G is
40%, the film thickness is 2.0 um, the relative dielectric
constant is 3.7, and the angle of the taper is 10°. The density
of the pigment in the color filters R is 30%, the film thickness
1s 2.0 um, the relative dielectric constant is 3.5, and the angle
of the taper is 10°. The density of the pigment in the color
filters B is 30%, the film thickness is 2.0 pm, the relative
dielectric constant is 3.6, and the angle of the taper is 10°. The
difference in thickness between the color filters for G and the
color filters for R overlapping the color filters for G is 1.2 pm,
the difference in thickness between the color filters for G and
the color filters for B overlapping the color filters for Gis 1.2
wm, and the difference in thickness between the color filters
for R and the color filters for B overlapping the color filters for
Ris 1.2 um. As a result, the wires are as wide as 12 um, and
the aperture ratio of the pixels is as low as 33%.

Eighth Embodiment

[0108] In the above described embodiments, the portions
where color filters of different colors overlap are located
above drain signal lines DL. However, the invention is not
limited to this, and the overlapping portions may be located
above gate signal lines GL. Thus, the invention can be applied
in portions above the gate signal lines GL.

Ninth Embodiment

[0109] In the above described embodiments, IPS (in-plane
switching) liquid crystal display devices are described. How-
ever, the invention is not limited to this, and can be applied to
TN (twisted nematic) or VA (vertical alignment) liquid crystal
display devices, for example.

Tenth Embodiment

[0110] Inthe following, the tenth to twenty-eighth embodi-
ments of the present invention and Comparative Examples 2



US 2010/0321283 Al

to 6 which relate to these are descried in reference to the
drawings. Here, the same symbols are used for components
that are the same or similar in the drawings and the embodi-
ments, and descriptions that are the same are not repeated.

<Structure of Pixels>

[0111] FIG. 6is aplan diagram showing a pixel of the liquid
crystal display device according to one embodiment of the
present invention. The pixel in FIG. 6 is one of a number of
pixels aligned in a matrix. Thus, pixels having the same
structure are formed on the left, right, top and bottom of the
pixel in the figure. In addition, FIG. 7 is a cross sectional
diagram along line in FIG. 6, and FIG. 8 is a cross sectional
diagram along line IV-IV in FIG. 6. FIGS. 7 and 8 both show
apixel formed on one of the two substrates positioned so as to
face each other and sandwich liquid crystal—namely, that
referred to as TFT substrate.

[0112] InFIG. 6, a semiconductor layer PS made of poly-
silicon, forexample, is formed inisland form on the surface of
a substrate SUB1 (see FIGS. 7 and 8). This semiconductor
layer PS forms a semiconductor layer for a thin film transistor
TFT and is patterned so as to be bent at the center and have
portions with a large area at both ends. Here, the thin film
transistor TFT is an MIS (metal insulator semiconductor)
transistor having a so-called top gate structure where the gate
electrode is formed in a layer above the semiconductor layer
PS, as described below.

[0113] An insulating film GI (see FIGS. 7 and 8) is formed
so as to cover the semiconductor layer PS on the surface of the
substrate SUB1. This insulating film GI works as a gate
insulating film for the above described thin film transistor
TFT in the region where the thin film transistor TFT is
formed.

[0114] Gate signal lines GL which run in the direction x in
the figure and are aligned in the direction y are formed on the
surface of the insulating film GI. These gate signal lines GL
are formed so as to run between pixels aligned in the direction
yin the figure. In addition, the gate signal lines GL are formed
s0 as to cross one point on the above described semiconductor
layer PS, and at the same time have a protrusion which crosses
another point on the above described semiconductor layer PS
(indicated by the symbol GLpj in the figure). As a result, the
gate signal lines GL work as a gate electrode for the thin film
transistor TFT at the point where they cross the semiconduc-
tor layer PS (double gate). Here, in the semiconductor layer
PS, the channel region for the thin film transistor TFT is
formed in the region directly beneath the above described
gate electrode when an impurity is injected using the above
described gate electrode as a mask, after the formation of the
gate signal lines GL..

[0115] Aninterlayer insulating film IN1 (see FIGS. 7 and 8)
is formed so as to cover the gate signal lines GL on the surface
of the insulating film GI, and drain signal lines DL which run
in the direction y in the figure and are aligned in the direction
x are formed on the upper surface of this interlayer insulating
film IN1. These drain signal lines DL are formed so as to run
between pixels aligned in the direction x in the figure. The
drain signal lines DL are formed above the region where one
end ofthe above described semiconductor layer PS has a large
area, and electrically connected to one end of the above
described semiconductor layer PS through a through hole
THI1 created in the interlayer insulating film IN1 in advance.
The portions of the drain signal lines DL that are electrically
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connected to the semiconductor layer PS work as the drain
electrode DT of a thin film transistor TFT.

[0116] In addition, the source electrode ST of the thin film
transistor TFT is formed above the region where the other end
of the above described semiconductor layer PS has a large
area when the drain signal lines DL are formed, and this
source electrode ST is electrically connected to the above
described end of the semiconductor layer PS through a
through hole TH2 created in the interlayer insulating film IN1
in advance. This source electrode ST has a relatively large
area in its extending portion and is connected to the below
described pixel electrode PX in this portion.

[0117] A passivation film PAS (see FIGS. 7 and 8) is
formed on the surface of the interlayer insulating film IN1 on
which the drain electrodes (drain signal lines DL) and the
source electrodes ST of the thin film transistors TFT are
formed, as described above, so as to cover the drain signal
lines DL and the source electrodes ST. This passivation film
PAS is formed so as to prevent the thin film transistors TFT
from making contact with the liquid crystal, for example, and
has a two-layer structure where an inorganic insulating film
PAS1 (see FIGS. 7 and 8) and an organic insulating film PAS
2 (see FIGS. 7 and 8) are layered in sequence, for example.
[0118] Here, the organic insulating film PAS 2 is formed of
aresin material, for example, and also works as a color filter
CF. That is to say, the organic insulating film PAS is made of
a resin material containing a pigment of a predetermined
color. The color filters CF have the same color in pixel groups
of pixels aligned in the direction y in FIG. 6, for example, and
are patterned in strips covering the above described pixels.
Thus, blue (B) color filters CF (indicated by the symbol
CF(B) in the figure), red (R) color filters CF (indicated by the
symbol CF(R) in the figure), and green (G) color filters CF
(indicated by the symbol CF(G) in the figure) patterned in
strips, as described above, are aligned so as to repeat in this
order in the direction X in the figure. The pixel in FIG. 6 forms
aunit pixel for color display together with the pixels to its left
and right. The color filter CF(R) in FIG. 6 has a portion (color
overlapping portion) that overlaps the color filter CF(B) to its
left above the drain signal line DL (indicated by the symbol
DL (DL1) in the figure), and a portion (color overlapping
portion) that overlaps the color filter CF(G) to its right above
the drain signal line DL (indicated by the symbol DL (DLr) in
the figure). The structure of this color filter CF is described in
detail below.

[0119] A counter electrode CT made of a transparent con-
ductive film, such as of ITO (indium tin oxide) is formed on
the top surface of the color filter CF, which also works as a
passivation film PAS 2. This counter electrode CT is formed
as a flat electrode which almost completely covers each pixel,
and crosses the drain signal line DL so as to be shared by
pixels aligned in the direction x in the figure. A reference
signal that becomes a reference for a video signal is supplied
to this counter electrode CT from outside the display region.
Here, an opening OP is created in the counter electrode CT in
the vicinity of the thin film transistor TFT. As described
below, the source electrode ST of the above described thin
film transistor TFT is electrically connected to the below
described pixel electrode PX in this portion, which is pro-
vided in order to prevent the electrical connection portion
from short-circuiting with the counter electrode CT.

[0120] Aninterlayer insulating film IN2 (see FIGS. 7 and 8)
is formed on the surface on which the counter electrode CT is
formed so as to cover the above described counter electrode
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CT, and a pixel electrode PX made of ITO, for example, is
formed for each pixel on the surface of this interlayer insu-
lating film IN2. The pixel electrode PX is formed of a number
of lines (two in the figure) which run in the direction y in the
figure and are aligned in the direction x, for example. In
addition, these electrodes are patterned so as to be connected
to each other at the ends on the same side. This is in order to
keep the number of electrodes at the same potential. In addi-
tion, the pixel electrode PX is electrically connected to the
source electrode ST of the thin film transistor TFT through a
through hole TH3 that is created in the interlayer insulating
film IN2, the passivation film PAS2 (color filter CF) and the
passivation film PAS1 in advance at the end on the thin film
transistor TFT side. The above described opening OP for
exposing the periphery of the above described through hole
TH3 is created in the counter electrode CT formed on the
passivation film PAS 2 (color filter CF), and this opening OP
prevents the pixel electrode PX from electrically connecting
to the counter electrode CT.

[0121] Here, in the above described through hole TH3 cre-
ated in the passivation film PAS2 (color filter CF), as shown in
FIG. 7, the angle 62 of the side wall surface relative to the
surface of the substrate (the angle 02 of the taper of the
contact hole TH3) is set to a value of 45° or more and 90° or
less. Thus, the angle 02 of the taper of the contact hole TH3 is
set relatively wide (steep), and the diameter of the contact
hole TH3 can be made small. Accordingly, the aperture ratio
of the pixels can be increased. Meanwhile, as shown in FIG.
8, in the color filter overlapping portions which correspond to
the sides of the passivation film PAS2 (color filter CF), the
angle 01 of the side wall surface relative to the substrate (the
angle 61 of the taper in the color filter overlapping portions)
is smaller than the angle 02 of the taper in the contact hole
TH3, and set to a value of 30° or more and 75° or less. That is
to say, 01 and 02 are set so that 01<02. In this case, the angle
01 of the taper in the color filter overlapping portions is set
relatively low (gentle), so that the width of the color filter
overlapping portions (amount of color filter overlap) and the
height in the color filter overlapping portions (difference in
thickness between color filters and overlapping portions) are
smaller. When the amount of color filter overlap in the color
filter overlapping portions is small, the aperture ratio of the
pixels is higher. In order to make the aperture ratio of the
pixels high, the amount of color filter overlap is within arange
of 1 pm to 7 um. In the embodiment in F1G. 8, the width of the
drain lines DL is 3 um. The drain lines DL are metal wires and
do not allow light to transmit. Therefore, the amount of color
filter overlap can be adjusted to the width of the drain lines
DL, so that the aperture ratio of the pixels is higher.

[0122] TInaddition, analignment film is formed on the inter-
layer insulating film IN2. When the difference in thickness
between the color filters and the overlapping portions is large,
the alignment film is affected. When the difference in thick-
ness between the color filters and the overlapping portions is
small in the color filter overlapping portions, the alignment
film is highly reliable. In order to suppress disturbance in the
alignment film, the difference has to be 1.0 um or less.
[0123] When the angle 81 of the taper in the color filter
overlapping portions is set to a value within the above
described range, the amount of color filter overlap is within a
range of 1 um to 7 um and the difference in thickness between
the color filters and the overlapping portions is 1.0 or less.
[0124] Here, though not shown in FIGS. 7 and 8, the align-
ment film is formed on the interlayer insulating film IN2 so as
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to cover the pixel electrodes PX, and this alignment film
makes direct contact with the liquid crystal, so that the initial
alignment of the liquid crystal molecules can be determined.
As described above, the color filters CF are formed so that the
difference in thickness between the color filters and the over-
lapping portions is small in the color filter overlapping por-
tions, and therefore, a highly reliable alignment film can be
formed.

<Manufacturing Method>

[0125] Next, the manufacturing method for the above
described color filters CF is described. Here, prior to the
description of the manufacturing method for the color filters
CF, certain relationships between exposure to light when
color filters CF are formed in accordance with a photolitho-
graphic technology, the density of the pigment contained in
the color filters CF, the angle of the taper at the end of the color
filters CF, the difference in thickness between the color filters
CF and the color filter overlapping portions where the tapers
overlap, and the amount of color filter overlap are described.

[0126] First, the x axis is the amount of exposure to light
(mJ/em?2) and the y axis is the angle of the taper (°) in the
graph of F1G. 9, which shows the angle of the taper relative to
the amount o exposure to light for different densities of the
pigment contained in the color filter CF. The density of the
pigment is set to 60%, 35% and 10%. Though the adhesion of
the color filters to the substrate SUB1 is known to be great
when the amount of exposure to light is great, FIG. 9 shows
that the greater the amount of exposure to light is, the greater
the angle of the taper is. Thus, it is clear that the angle of the
taper can be controlled to a desired value in color filters CF
having high adhesion to the substrate SUB1 when halftone
exposure to light is carried out in the tapered portions. In
addition, the x axis is the angle of the taper (°) and the y axis
is the difference in thickness between the color filters and the
overlapping portions (um) in the graph of FIG. 10, which
shows the difference in thickness between the color filters and
their overlapping portions relative to the angle of the taper for
different amounts of overlap between adjacent color filters
CF. As is clear from FIG. 10, the difference in thickness
between color filters and their overlapping portions can be
adjusted to a desired value by controlling the angle of the
taper of the color filters CF.

[0127] FIG. 5 shows an example of a color filter CF(R)
from among the color filters CF in FIGS. 6, 7 and §. The
structure described below can be used for the color filters
CF(B) and CF(G). The color filters CF(R) are formed of a
resin material containing a pigment in accordance with pho-
tolithographic technology, as described above, so as to cover
all of the pixels aligned in the direction y in the figure, for
example.

[0128] The left side of the color filter CF(R) overlaps the
color filter directly to the left (not shown) in the color filter
overlapping portion PL (indicated by PL1 in the figure), while
the right side of the color filter CF(R) overlaps the color filter
directly to the right (not shown) in the color filter overlapping
portion PL (indicated by PLr in the figure). Here, the width R
of the color filter CF(R)is referred to as pixel size. In addition,
halftone exposure to light may in some cases be carried out in
an area covering the width w1 on the side of the color filter
CF(R), and w1 is referred to as size of halftone processing in
the color filter overlapping portions. Here, though in the
figure the width of the color overlapping portions PL and the
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size of halftone processing w1 in the color filter overlapping
portions are the same, the two may be different, but the width
of the above described color overlapping portions PL is syn-
onymous to the amount of color filter overlap.

11

Dec. 23, 2010

angle 62 of the taper in the contact hole for different sizes of
halftone processing in the color filter overlapping portions
(tenth to twenty-eighth embodiments), as well as the angle 61
of the taper in the color filter overlapping portions.

TABLE 2
Difference
Size of Size of halftone  Angle® 1 Amount in thickness
Amount of Diameter for  halftone Angle 62 processing in  oftaperin  of color between color
Density of exposure  processing processing in  oftaperin  pixel  color filter color filter  filter filters and
Pigment  tolight  contacthole contact holes contact holes size  overlapping  overlapping overlap  overlapping
(%) mYem’ (m) (um) ©) (um)  portions (um)  portions (°)  (um)  portions (um)
Comparative 60 200 9 0 120 25 5 60 3 0.6
Example 2
Tenth 1 90
Embodiment
Eleventh 2 80
Embodiment
Twelfth 3 70
Embodiment
Comparative 35 175 7 0 95 40 0.5
Example 3
Thirteenth 1 70
Embodiment
Fourteenth 2 60
Embodiment
Fifteenth 3 50
Embodiment
Comparative 10 200 5 0 95 30 0.4
Example 4
Sixteenth 1 55
Embodiment
Seventeenth 2 45
Embodiment
Comparative 60 125 7 0 90 50 0 90 5 1.2
Example 5
Eighteenth 1 75 5 1.0
Embodiment
Nineteenth 3 65 3 0.6
Embodiment
Twentieth 5 35 1 0.3
Embodiment
Comparative 35 140 80 375 0 80 5 1.1
Example 6
Twenty-first 1 70 3 0.7
Embodiment
Twenty-second 3 60 5 0.8
Embodiment
Twenty-third 5 50 7 1.0
Embodiment
Twenty-fourth 10 120 55 25 1 50 3 0.6
Embodiment
Twenty-fifth 3 40 3 0.5
Embodiment
Twenty-sixth 5 30 3 0.4
Embodiment
Twenty-seventh 60 100 7 0 78 25 3 40 3 0.5
Embodiment
Twenty-eighth 35 200 9 2 70 50 5 60 1 0.4
Embodiment
[0129] In addition, a square through hole TH3 is created in [0131] First, Table 2 shows the size of halftone processing

the center portion of the color filter CF(R), in the lower half in
the figure. Here, the length L of the sides of the through hole
TH3 is referred to as diameter for processing a contact hole.
In addition, halftone exposure to light may in some cases be
carried out over an area covering the width w2 inside the
through hole TH3, and w2 is referred to as size of halftone
processing in the contact hole.

[0130] Table 2 shows the density of the pigment, the
amount of exposure to light in the photolithographic technol-
ogy, the size of halftone processing in the contact hole, the

for different settings for the contact hole and a constant
amount of color filter overlap in the tenth to seventeenth
embodiments. In the tenth to twelfth embodiments, the den-
sity of the pigment in the color filters CF (%), the amount of
exposure to light (mJ/cm?) and the diameter for processing
the contact holes (um) are 60%, 200 mJ/cm?® and 9 um, respec-
tively. When the size of halftone processing in the contact
holes is 1 pum, as in the tenth embodiment, the angle of the
taper in the contact holes is 90°. In addition, when the size of
halftone processing in the contact holes is 2 um, as in the
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eleventh embodiment, the angle of the taper in the contact
holes is 80°. In addition, when the size of halftone processing
in the contact holes is 3 jum, as in the twelfth embodiment, the
angle of the taper in the contact holes is 70°. In contrast, when
the size of halftone processing in the contact holes is 0 um, as
in Comparative Example 2, the angle of the taper in the
contact holes is 120° and the taper is reversed. It is necessary
for the pixel electrodes PX to be electrically connected to the
source electrodes ST of the thin film transistors TFT through
the through holes TH3. When the side walls of the through
howls TH3 are in reverse taper, it is difficult to electrically
connect the pixel electrodes PX and the source electrodes. In
order to prevent disconnection between the pixel electrodes
PX and the source electrodes, the side wall surfaces of the
contact holes TH3 are created so that the angle 62 is 90° or
less. Preferably the angle 62 of the side wall surfaces of the
contact holes TH3 is 45°=62=90°.

[0132] In the thirteenth to fifteenth embodiments, the den-
sity of the pigment in the color filters CF (%), the amount of
exposure to light (mJ/cm?2) and the diameter for processing
the contact holes (um) are 35%, 175 mJ/cm2 and 7 pm,
respectively. When the size of halftone processing in the
contact holes is 1 pum, as in the thirteenth embodiment, the
angle of the taper in the contactholes is 70°. In addition, when
the size of halftone processing in the contact holes is 2 pum, as
in the fourteenth embodiment, the angle of the taper in the
contact holes is 60°. In addition, when the size of halftone
processing in the contact holes is 3 um, as in the fifteenth
embodiment, the angle of the taper in the contact holes is 50°.
In contrast, when the size ofhalftone processing in the contact
holes is 0 pm, as in the Comparative Example 3, the angle of
the taper in the contact holes is 95 and the taper is reversed.

[0133] In the sixteenth and seventeenth embodiments, the
density of the pigment of the color filters CF (%), the amount
of exposure to light (mJ/cm2) and the diameter for processing
the contact holes (um) are 10%, 200 mJ/cm2 and 5 pm,
respectively. When the size of halftone processing in the
contact holes is 1 um, as in the sixteenth embodiment, the
angle of the taper in the contactholes 1s 55°. In addition, when
the size of halftone processing in the contact holes is 2 pm, as
in the seventeenth embodiment, the angle of the taper in the
contact holes is 45°. In contrast, when the size of halftone
processing in the contact holes is 0 um, as in Comparative
Example 4, the angle of the taper in the contact holes is 95°
and the taper is reversed.

[0134] Next, Table 2 shows the size of halftone processing
for different settings for the color filter overlapping portions
and a constant diameter for processing the contact holes and
size of halftone processing in the contact holes in the eigh-
teenth to twenty-sixth embodiments.

[0135] In the eighteenth to twentieth embodiments, the
density of the pigment of the color filters CF (%), the amount
of exposure to light (mJ/cm2) and the pixel size (um) are 60%,
125 mJ/em2 and 50 pm, respectively. When the size of half-
tone processing in the color filter overlapping portions is 1
um, as in the eighteenth embodiment, the angle of the taper in
the color filter overlapping portions is 75°, the amount of
color filter overlap is 5 um, and the difference in thickness
between color filters and overlapping portions is 1.0 pm.
When the size of halftone processing in the color filter over-
lapping portions is 3 pum, as in the nineteenth embodiment, the
angle of the taper in the color filter overlapping portions is
65°, the amount of color filter overlap is 3 um, and the differ-
ence in thickness between color filters and overlapping por-
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tions is 0.6 um. When the size of halftone processing in the
color filter overlapping portions is 5 pm, as in the twentieth
embodiment, the angle of the taper in the color filter overlap-
ping portions is 55°, the amount of color filter overlap is 1 pm,
and the difference in thickness between color filters and over-
lapping portions is 0.3 um. In contrast, when the size of
halftone processing in the color filter overlapping portions is
0 um, as in Comparative Example 5, the angle of the taper in
the color filter overlapping portions is 90°, the amount of
color filter overlap is 5 um, and the difference in thickness
between color filters and overlapping portions is 1.2 pm.

[0136] Inthe twenty-first to twenty-third embodiments, the
density of the pigment of the color filters CF (%), the amount
of exposure to light (mJ/cm2) and the pixel size (um) are 35%,
140 mJ/em2 and 37.5 pm, respectively. When the size of
halftone processing in the color filter overlapping portions is
1 um, as in the twenty-first embodiment, the angle of the taper
in the color filter overlapping portions is 70°, the amount of
color filter overlap is 3 pum, and the difference in thickness
between color filters and overlapping portions is 0.7 pm.
When the size of halftone processing in the color filter over-
lapping portions is 3 um, as in the twenty-second embodi-
ment, the angle of the taper in the color filter overlapping
portions is 60°, the amount of color filter overlap is 5 um, and
the difference in thickness between color filters and overlap-
ping portions is 0.8 pm. When the size of halftone processing
in the color filter overlapping portions is 5 pm, as in the
twenty-third embodiment, the angle of the taper in the color
filter overlapping portions is 50°, the amount of color filter
overlap is 7 um, and the difference in thickness between color
filters and overlapping portions is 1.0 pm. In contrast, when
the size of halftone processing in the color filter overlapping
portions is 0 um, as in Comparative Example 6, the angle of
the taper in the color filter overlapping portions is 80°, the
amount of color filter overlap is 5 pm, and the difference in
thickness between color filters and overlapping portions is 1.1

pm.
[0137] In the twenty-fourth to twenty-sixth embodiments,
the density of the pigment of the color filters CF (%), the
amount of exposure to light (mJ/cm2) and the pixel size (um)
are 10%, 120 mJ/cm2 and 25 pum, respectively. When the size
of halftone processing in the color filter overlapping portions
is 1 pum, as in the twenty-fourth embodiment, the angle of the
taper in the color filter overlapping portions is 50°, the amount
of color filter overlap is 3 um, and the difference in thickness
between color filters and overlapping portions is 0.6 pm.
When the size of halftone processing in the color filter over-
lapping portions is 3 pum, as in the twenty-fifth embodiment,
the angle of the taper in the color filter overlapping portions is
40°, the amount of color filter overlap is 3 pm, and the differ-
ence in thickness between color filters and overlapping por-
tions is 0.5 pm. When the size of halftone processing in the
color filter overlapping portions is 5 um, as in the twenty-sixth
embodiment, the angle of the taper in the color filter overlap-
ping portions is 30°, the amount of color filter overlap is 3 pm,
and the difference in thickness between color filters and over-
lapping portions is 0.4 um.

[0138] Furthermore, Table 2 shows the size of halftone
processing for creating contact holes and forming color filter
overlapping portions in the twenty-seventh and twenty-eighth
embodiments. In the twenty-seventh embodiment, the den-
sity of the pigment of the color filters CF (%), the amount of
exposure to light (mJ/cm?2) and the diameter for processing
contact holes (um) are 60%, 100 mJ/cm2 and 7 pm, respec-
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tively. When the size of halftone processing in the contact
holes is 0 um, the angle of the taper in the contact holes is 78°.
In addition, when the pixel size is 25 um and the size for
halftone processing in the color filter overlapping portions is
3 um, the angle of the taper in the color filter overlapping
portions is 40°, the amount of color filter overlapping is 3 pm,
and the difference between the color filters and their overlap-
ping portionsis 0.5 um. In the twenty-eighth embodiment, the
density of the pigment in the color filters CF (%), the amount
of exposure to light (mJ/cm2) and the diameter for processing
the contact holes (um) are 35%, 200 mJ/cm2 and 9 pm,
respectively. When the size of halftone processing in the
contact holes is 2 um, the angle of the taper in the contact
holes is 70°. In addition, when the pixel size is 50 pm and the
size of halftone processing in the color filter overlapping
portions is 5 um, the angle of the taper in the color filter
overlapping portions is 60°, the amount of color filter overlap
is 1 pm, and the difference in thickness between the color
filters and their overlapping portions is 0.4 um.

[0139] As is clear from the above description, in the liquid
crystal display device and the manufacturing method for the
same according to the present invention, halftone exposure to
light is used, so that the angle of the taper in the contact holes
is large and the angle of the taper in the color filter overlap-
ping portions is small in COA color filters.

[0140] Though embodiments of the present invention are
described above, the structures in these embodiments are
merely examples, and various modifications are possible for
the present invention, as long as the technological idea is not
deviated from. In addition, the structures in these embodi-
ments may be combined for use, as long as they are compat-
ible.

What is claimed is:
1. A liquid crystal display device, comprising a pair of
substrates positioned so as to face each other and sandwich
liquid crystal, wherein
gate signal lines made of a light blocking material which
run in a first direction and are aligned in a second direc-
tion which crosses said first direction, and drain signal
lines made of alight blocking material which run in said
second direction and are aligned in said first direction,
are formed on the surface of one of the two substrates, on
the liquid crystal side, and
thin film transistors which are turned on by a scanning
signal through a gate signal line and pixel electrodes to
which a video signal is supplied from a drain signal line
through a thin film transistor when turned on are pro-
vided in pixel regions, pixel regions being defined as
regions surrounded by two adjacent gate signal lines and
two adjacent drain signal lines, characterized in that

each of said pixel regions is provided with at least a gate
signal line, a drain signal line and a color filter formed in
a layer above a thin film transistor,

overlapping regions between adjacent first color filters and
second color filters are provided in regions in which said
drain signal lines or said gate signal lines are formed as
viewed from the top, and

the angle of the first taper of said first color filters formed in

said overlapping regions is set to 45° or more and 90° or
less relative to the surface of said drain signal lines or
gate signal lines, the angle of the second taper of said
second color filters formed in said overlapping regions is
set to 45° or more and 90° or less relative to the surface
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of said first color filters, and the width of said signal lines
is set to 1 um or more and 4 pm or less.

2. The liquid crystal display device according to claim 1,
characterized in that the film thickness of each color filter is
set to 1 um or more and 4 pum or less.

3. The liquid crystal display device according to claim 1,
characterized in that the film thickness of each color filter is
set to 1 um or more and 4 pm or less, and the overlapping
portions between said first color filters and said second color
filters have a step of 1 pm or less.

4. The liquid crystal display device according to claim 1,
characterized in that the end of the first taper of said first color
filters overlaps with the second taper of said second color
filters.

5. The liquid crystal display device according to claim 1,
characterized in that the angle of the first taper of said first
color filters formed in said overlapping regions is set to 45° or
more and 70° or less relative to the surface of said drain signal
lines or gate signal lines, and the angle of the second taper of
said second color filters formed in said overlapping regions is
set 1o 45° or more and 70° or less relative to the surface of said
first color filters.

6. The liquid crystal display device according to claim 1,
characterized in that the density of the pigment in said color
filters is 10% or more and 60% or less.

7. The liquid crystal display device according to claim 1,
characterized in that the density of the pigment in said second
color filters is lower than the density of the pigment in said
first color filters.

8. The liquid crystal display device according to claim 1,
characterized in that the relative dielectric constant of said
color filters is 3.0 or more and 7.0 or less.

9. The liquid crystal display device according to claim 1,
characterized in that said color filters are formed in accor-
dance with a selective etching method by means of photo-
lithographic technology using an aligner or stepper.

10. A manufacturing method for a liquid crystal display
device comprising:

a pair of substrates provided so as to face each other and
sandwich liquid crystal, gate signal lines which runin a
first direction and are aligned in a second direction
which crosses said first direction, and drain signal lines
which run said second direction and are aligned in said
first direction;

thin film transistors driven by a scanning signal from a gate
signal line; and

color filters formed so as to cover said gate signal lines, said
drain signal lines and said thin film transistors, and pixel
electrodes formed in a layer above these color filters,
characterized by comprising the steps of:

forming said color filters with color overlapping portions
where adjacent color filters overlap. and at the same time
creating contact holes for electrically connecting said
pixel electrodes to said thin film transistors; and

carrying out halftone exposure to light in the contact hole
portions of said color filters, the color overlapping por-
tions, or both, so that the angle of the taper in said color
overlapping portion is smaller than the angle of the taper
of said contact holes when said color filters are formed in
accordance with photolithographic technology.

11. The manufacturing method for a liquid crystal display
device according to claim 10, characterized in that the angle
of the taper in said color overlapping portions in said color
filters is 30° or more and 75° or less.
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12. The manufacturing method for a liquid crystal display
device according to claim 10, characterized in that the angle
of the taper in said contact holes in said color filters is 45° or
more and 90° or less.

13. The manufacturing method for a liquid crystal display
device according to claim 10, characterized in that the color
filters are formed so as too contain a pigment, and the density
of the pigment is 10% or more and 60% or less.

14. The manufacturing method for a liquid crystal display
device according to claim 10, characterized in that the amount
of color overlap in said color overlapping portions in said
color filter is 1 pm or more and 7 pm or less.

15. The manufacturing method for a liquid crystal display
device according to claim 10, characterized in that the half-
tone exposure to light in said color overlapping portions in
said color filters is carried out in an area 1 pm to 5 pm from the
end of said color filters.

16. The manufacturing method for a liquid crystal display
device according to claim 10, characterized in that the half-
tone exposure to light in said contact portions in said color
filters is carried out in an area 1 um to 5 wm from the edge of
said contact portions.

17. A liquid crystal display device, comprising:

a pair of substrates provided so as to face each other and
sandwich liquid crystal, gate signal lines which run in a
first direction and are aligned in a second direction
which crosses said first direction, and drain signal lines
which run said second direction and are aligned in said
first direction;
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thin film transistors driven by a scanning signal from a gate

signal line; and

color filters formed so as to cover said gate signal lines, said

drain signal lines and said thin film transistors, and pixel
electrodes formed in a layer above these color filters,
characterized in that

said color filters have color overlapping portions where

adjacent color filters overlap and contact holes for elec-
trically connecting said pixel electrodes to said thin film
transistors; and

the angle of the taper in said color overlapping portion is

smaller than the angle of the taper of said contact holes.

18. The liquid crystal display device according to claim 17,
characterized in that the angle of the taper in said color over-
lapping portions in said color filters is 30° or more and 75° or
less.

19. The liquid crystal display device according to claim 17,
characterized in that the angle of the taper in said contact
holes in said color filters is 45° or more and 90° or less.

20. The liquid crystal display device according to claim 17,
characterized in that the color filters are formed so as too
contain a pigment, and the density of the pigment is 10% or
more and 60% or less.

21. The liquid crystal display device according to claim 17,
characterized in that the amount of color overlap in said color
overlapping portions in said color filter is 1 pm or more and 7
um or less.
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