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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2010-242986 filed on Oct. 29,
2010, the content of which is hereby incorporated by refer-
ence into this application.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal dis-
play device and particularly to a technique for forming a
tapered opening in a film formed over a substrate. The present
invention relates to a technique that is applicable, for
example, when forming a contact hole for electrical connec-
tion between a source electrode of a thin-film transistor and a
pixel electrode, as such technique for forming a tapered open-
ing in the film in which the contact hole is formed.

BACKGROUND OF THE INVENTION

[0003] A liquid crystal display device is configured with a
pair of substrates that are disposed to be opposed to each other
with a liquid crystal layer sandwiched between the substrates.
Over a surface, facing toward the liquid crystal layer, of a first
substrate of the pair of substrates, gate lines extending in an X
direction and evenly spaced and arranged in aY direction and
drain lines extending in the 'Y direction and evenly spaced and
arranged in the X direction are formed. A rectangular area
surrounded by these lines is defined as a pixel area. A display
region is formed by a collection of all these pixels.

[0004] Each pixel includes a thin-film transistor that is
turned on by a scan signal from a gate line and a pixel elec-
trode to which a visual signal is supplied from a drain line via
a source electrode of the turned on thin-film transistor.
[0005] In such liquid crystal display device, an inorganic
insulation film is formed over the surface of each thin-film
transistor, thus covering the surface, facing toward the liquid
crystal layer, of the first substrate including the thin-film
transistors. An organic insulation film serving as a planarizing
film is formed over this inorganic insulation film surface
toward the liquid crystal layer. Over the organic insulation
film surface toward the liquid crystal layer, pixel electrodes
are disposed and a pad extending from the source electrode of
a thin-film transistor and a part of a pixel electrode are formed
in an overlap location. In this overlap region, a contact hole is
formed which penetrates through the organic and inorganic
insulation films and extends to the pad for electrical connec-
tion between the pixel electrode and the source electrode.
[0006] Meanwhile, as the scope of application to liquid
crystal display devices has expanded lately, even higher
image quality and definition are demanded. To realize higher
definition, it is needed to increase the aperture ratio of a liquid
crystal display panel, in other words, the aperture ratio of each
pixel. As a liquid crystal display device with an increased
aperture ratio, it is conceivable to form a film that forms the
contact hole for electrical connection between the pad and the
pixel electrode with a large taper angle, reduce the area occu-
pied by the contact hole in a pixel area, and increase the
aperture ratio.

[0007] A liquid crystal display device in which the contact
hole with a large taper angle is formed is, for example, a liquid
crystal display device described in Japanese Published Unex-
amined Patent Application No. 2008-64954. According to a
technique described in Japanese Published Unexamined
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Patent Application No. 2008-64954, a pad is formed in alayer
overlying an interlayer dielectric film and a contact hole with
a taper angle of 60 degrees is formed in an organic insulation
film which is formed to cover the pad. By this configuration,
a pixel electrode that is formed on the surface of the organic
insulation film and the pad are electrically connected.
[0008] However, it is known that, when an organic insula-
tion film having a contact hole is formed, particularly when an
organic insulation film having a contact hole is formed with a
negative-type organic material, the forming process requires
exposure time that is two or three times as much as the
exposure time forming other inorganic insulation films. Espe-
cially, to form an organic insulation film having a contact hole
with a taper angle of 60 degrees, as described in Japanese
Published Unexamined Patent Application No. 2008-64954,
a still larger amount of exposure is required. Therefore, it is
feared that throughput of liquid crystal display device pro-
duction may be significantly decreased due to increased time
required for production. In addition, use of some material
(resist material) of organic insulation film makes it impos-
sible to form a contact hole with a taper angle of more than 60
degrees.

SUMMARY OF THE INVENTION

[0009] An object of the present invention contrived in view
ofthese problems is to provide a technique that enables form-
ing an organic insulation film having a contact hole tapered at
a larger taper angle without increasing the amount of expo-
sure.

[0010] Inorderto solve the above problems, a liquid crystal
display device according to one aspect of the present includes
a first substrate and a second substrate which is disposed to be
opposed to the first substrate across a liquid crystal layer, the
first substrate including drain lines extending in a Y direction
and evenly spaced and arranged in an X direction; gate lines
extending in the X direction and evenly spaced and arranged
in the Y direction; thin-film transistors that output visual
signals from the drain lines to pixel electrodes in sync with
scan signals from the gate lines; and an organic film that is
formed between each of the thin-film transistors and each of
the pixel electrodes. In the liquid crystal display device, the
organic film has a contact hole for electrical connection
between a source electrode of each thin-film transistor and
each pixel electrode, a step is formed in a layer underlying the
organic film and an edge portion of the organic film toward
the thin-film transistor, the edge portion forming the contact
hole, is formed to lie on a lower plane of the step, and a
sidewall part of the contact hole which is formed in the
organic film is formed to have a taper angle of 60 degrees or
larger.

[0011] Another aspect of the present invention resides in a
liquid crystal display device including a plurality of pixels,
each including a thin-film transistor and a pixel electrode, and
an organic insulation film formed between one electrode of
the thin-film transistor and the pixel electrode. The one elec-
trode and the pixel electrode are connected through a contact
hole formed in the organic insulation film. A sidewall of the
contact hole, which is made of the organic insulation film, is
tapered. An underlying layer beneath the organic insulation
film, in contact with the organic insulation film, includes a
first plane that overlaps with the sidewall in a planar view and
a second plane that is situated nearer the pixel electrode in
relation to the first plane and a step is formed by the first plane
and the second plane. A distance from a position at which the
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sidewall intersects with the first plane to an end, abutting on
the second plane, of'the first plane is equal to or less than 1 pm.
[0012] A further aspect of the present invention resides in a
liquid crystal display device including a pair of substrates that
is dispose to be opposed to each other; a plurality of pixels,
each including a thin-film transistor and a pixel electrode,
formed over one of the pair of substrates; a color filter layer
including a first color filter, a second color filter, and a third
color filter formed between the thin-film transistor and the
pixel electrode and formed adjacent to each other. One elec-
trode of the thin-film transistor and the pixel electrode are
connected through a contact hole formed in the color filter
layer. A sidewall of the contact hole, which is made of the
color filter layer, is tapered. An underlying layer beneath the
color filter layer, in contact with the color filter layer, includes
a first plane that overlaps with the sidewall in a planar view
and a second plane that is situated nearer the pixel electrode in
relation to the first plane and a first step is formed by the first
plane and the second plane. A distance from a position at
which the sidewall intersects with the first plane to an end,
abutting on the second plane, of the first plane is equal to or
less than 1 pm. The first color filter, the second color filter, and
the third color filter are formed such that an end face of the
second color filter is superposed over one end face of the first
color filter and an end face of the third color filter is super-
posed over the other end face, which is different from the one
end face, of the first color filter. The one end face and the other
end face of the first color filter are tapered. A region of the
underlying layer, in contact with the first color filter, includes
a third plane that overlaps with the one end face or the other
end face in a planar view and a fourth plane that is situated
nearer the one electrode in relation to the third plane and a
step is formed by the third plane and the fourth plane. A
distance from a position at which the one end face or the other
end face intersects with the third plane to an end, abutting on
the fourth plane, of the third plane is equal to or less than 1 pum.
[0013] According to the present invention, it is possible to
fabricate a liquid crystal display device including an organic
insulation film having a contact hole tapered at a larger taper
angle without increasing the amount of exposure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.1is adiagram for explaining a rough structure
of a liquid crystal display device of a first embodiment of the
present invention;

[0015] FIG. 2 is a top view for explaining a rough structure
of a pixel in the liquid crystal display device of the first
embodiment of the present invention;

[0016] FIG. 3 is a cross-sectional view taken along line
B-B' seen in FIG. 2;

[0017] FIG. 4 is a cross-sectional view taken along line
C-C' seen in FIG. 2;

[0018] FIGS. 5A to 5C are cross-sectional views for
explaining the principle of the present invention;

[0019] FIG. 6 is a cross-sectional view of a contact hole
portion in a conventional liquid crystal display device corre-
sponding to FIG. 4;

[0020] FIG. 7 is atop view for explaining a rough structure
of a pixel in a liquid crystal display device of a second
embodiment of the present invention;

[0021] FIG. 8isacross-sectional view taken along line E-E'
seen in FIG. 7; and
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[0022] FIG.9is across-sectional view taken along line F-F'
seen in FIG. 7.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] Inthe following, embodiments in which the present
invention is applied will now be described by means of draw-
ings. In the following description, identical components are
assigned the same labels (reference symbols) and their
repeated description is omitted.

First Embodiment
Overall Structure

[0024] FIG. 1is adiagram for explaining a rough structure
of'a liquid crystal display device of a first embodiment of the
present invention. Based on FIG. 1, an overall structure of the
liquid crystal display device of the first embodiment will be
described below. Note that X and Y marks seen in FIG. 1
indicate an X axis and a Y axis, respectively. The following
description concerns a case where a linear pixel electrode is
disposed nearer a liquid crystal layer in relation to a planar
common electrode with an insulation film sandwiched
between the pixel electrode and the common electrode. How-
ever, possible embodiments of the present invention are not
limited to this case and are applicable to a case where, for
example, a drain line and a planar pixel electrode are formed
in the same layer and a linear common electrode is disposed
nearer the liquid crystal layer in relation to the pixel electrode
with an insulation film sandwiched between the common
electrode and the pixel electrode. Moreover, possible
embodiments of the present invention are applicable to not
only an IPS type liquid crystal display device, as referred to
herein, but also a so-called vertical alignment type liquid
crystal display device such as a TN mode and a VA mode.
[0025] AsshowninFIG. 1, the liquid crystal display device
of'the first embodiment has a liquid crystal display panel PNL
that is configured with a first substrate SUB1 over which a
pixel electrode (second electrode) PX and a thin-film transis-
tor TFT are formed, a second substrate SUB2 which is dis-
posed opposite to the first substrate SUB1 and over which,
inter alia, color filters (coloring layers) are formed, and a
liquid crystal layer, not shown, which is sandwiched between
the first substrate SUB1 and the second substrate SUB2. By
combining the liquid crystal display panel PNL with a back-
light unit (backlight device) which is a light source of the
liquid crystal display panel PNL, the liquid crystal display
device is configured. The first and second substrates SUB1
and SUB 2 are fixed and liquid crystals are sealed in by a
sealing material SL that is applied circularly around the
periphery of the second substrate. Note that, in the liquid
crystal display device of the first embodiment, involved in a
liquid crystals sealed-in region, a display region AR is a
region where display pixels (hereinafter simply referred to as
pixels) are formed. Therefore, even within the liquid crystals
sealed-in region, sections not having pixels formed therein
and not engaged in display are not included in the display
region AR.

[0026] The area of the second substrate SUB2 is smaller
than the area of'the first substrate SUB1, so that abottom edge
portion (as shown) of the first substrate SUBI1 is exposed. In
this edge portion of the first substrate SUB1, a drive circuit
DR which is configured as a semiconductor chip is mounted.
This drive circuit DR is to drive all pixels arranged in the
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display region AR. In the following description, the liquid
crystal display panel PNL, even where it is referred to in a
narrow sense, may sometimes be referred to as the liquid
crystal display device.

[0027] As the first substrate SUB1 and the second substrate
SUB2, for example, well-known glass substrates are gener-
ally used as a base material; however, the above substrates
may be resinous transparent substrates.

[0028] In the liquid crystal display device of the first
embodiment, over a surface, facing toward the liquid crystal
layer, of the first substrate SUB1 and within the display region
AR, scan signal lines (gate lines) GL are formed, extending in
the X direction of FIG. 1 and evenly spaced and arranged in
the Y direction. To theses gate lines, scan signals are supplied
from the drive circuit DR. Also, visual signal lines (drain
lines) DL are formed, extending in the Y direction of FIG. 1
and evenly spaced and arranged in the X direction. To these
drain lines, visual signals (tone level signals) are supplied
from the drive circuit. An area surrounded by two adjacent
drain lines DL and two adjacent gate lines GL constitutes a
pixel and a plurality of pixels are arranged in a matrix along
the drain lines DL and gate lines GL within the display area
AR.

[0029] Each pixel, for example, as shown in an equivalent
circuit diagram A' enclosed by acircle A in FIG. 1, is provided
with a thin-film transistor TFT which is turned on/off by a
scan signal from a gate line GL, a pixel electrode PX to which
a visual signal is supplied from a drain line DL via the turned
on thin-film transistor TFT, and a common electrode CT to
which a common signal having a basic, referential potential
fora visual signal potential is supplied through a common line
CL. Although the common electrode CT is schematically
represented in a linear shape in the equivalent circuit diagram
A'enclosed by acircle A in FIG. 1, the common electrode CT
is formed in a planar shape as noted above in the first embodi-
ment. Actually, the thin-film transistor TFT in the first
embodiment behaves such that its drain electrode and source
electrode switch over to each other depending on a bias
applied to it. In the present specification, however, its elec-
trode that is connected to the corresponding drain line DL is
termed as a drain electrode DT and its electrode that is con-
nected to the corresponding pixel electrode PX is termed as a
source electrode ST for the sake of convenience.

[0030] An electric field having a component parallelized to
the principal surface of the first substrate SUB1 is generated
between the pixel electrode PX and the common electrode
CT. By this electric filed, liquid crystal molecules are driven.
Such a liquid crystal display device is known as the one
capable of wide view angle display and called an IPS type or
horizontal electric field type because of its specific character-
istic of application of electric fields to liquid crystals. The thus
configured liquid crystal display device performs display in a
normally black display mode in which light transmissibility is
minimum (black display) when no electric fields are applied
to liquid crystals and then is made to rise by applying electric
fields.

[0031] Ends of all drain lines DL and all gate lines GL
extend beyond the sealing material SL and are connected to
the drive circuit DR that generates drive signals such as visual
signals and scan signals based on input signals which are
input from an external system via a flexible printed-circuit
board FPS. Note that, although the drive circuit DR is formed
as a semiconductor chip and mounted on the first substrate
SUB1 in the configuration of the liquid crystal display device
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of the first embodiment, an alternative configuration may be
implemented as follows: either one of or both of a visual
signal drive circuit that outputs visual signals and a scan
signal drive circuit that outputs scan signals are mounted on
the flexible printed-circuit board FPS by a tape carrier method
or Chip On Film (COP) method and connected to the first
substrate SUB1.

[0032] For the configuration shown by the equivalent cir-
cuit diagram A' enclosed by a circle A in FIG. 1, the common
electrode CT is formed independently per pixel and a com-
mon signal is input to it through a common line CL. However,
this is not restrictive in the liquid crystal display device of the
first embodiment and an alternative configuration may be
implemented, for example, such that the common electrode
CT is formed all over at least the display area AR.

(Pixel Structure)

[0033] FIG. 2 is atop view for explaining a rough structure
of a pixel in the liquid crystal display device of the first
embodiment of the present invention. FIG. 3 is a cross-sec-
tional view taken along line B-B' seen in FIG. 2. FIG. 4 is a
cross-sectional view taken along line C-C' seen in FIG. 2. A
pixel structure in the liquid crystal display device of the first
embodiment will be described below, based on FIGS. 2
through 4. Since other thin films except for an organic insu-
lation film in which a contacthole is formed can be formed by
any conventional photolithography technology, a detailed
description of their forming method is omitted.

[0034] A transparent conductive film not shown which is
made of a transparent conductive material such as Indium Tin
Oxide (ITO) and becomes a common electrode is formed in
an area surrounded by gate lines GL and drain lines DL, as
shown in FIG. 2. The transparent conductive film is, for
example, formed such that, in an edge portion that adjoins a
common line, it lies above the common line and it is electri-
cally connected to the common line through a contact hole.
Note that, although ITO is used as the transparent conductive
film in this case discussed here, conventional ZnO base trans-
parent conductive films may be used, not limited to ITO.

[0035] Also, in the area surrounded by gate lines GL and
drain lines DL, in a rectangular transparent film made of a
transparent conductive material such as ITO, an opening is
formed that is smaller than the transparent conductive film.
This constitutes a linear (pectinate) pixel electrode PX in a
region where it lies above the common electrode. One end of
this pixel electrode is connected to a source electrode of a
thin-film transistor TFT formed at an edge of the pixel
through a contact hole TH1 whose side wall face is formed to
slope at a slope angle or taper angle of about 60 degrees.

[0036] FIG. 3 shows a cross-sectional structure of a portion
along a gate line GL.. As shown in FIG. 3, on the surface of the
first substrate SUB1, an undercoat film UC which is an insu-
lation film is formed in order to block incursion of ions such
as sodium (Na) and potassium (K) into the thin-film transistor
TFT from the first substrate SUB1. As the undercoat film UC,
for example, a thin film having a layered structure is used that
is comprised of a layer made of'silicon nitride (SiN) or the like
first formed on the surface of the first substrate SUB1 and a
layer made of silicon oxide (SiO) or the like overlying the first
layer. However, the undercoat film is not limited to this.

[0037] Inalayer overlying this undercoat film UC, a semi-
conductor layer AS made of, e.g., amorphous silicon is
formed. This semiconductor layer AS is to become a semi-
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conductor layer of the thin-film transistor TFT and may be
made of polysilicon, microcrystalline silicon, etc.

[0038] In a layer overlying the semiconductor layer AS, a
gate insulator film GI which is a silicon oxide (SiO) base thin
film is formed so as to cover the semiconductor layer AS. This
gate insulator film Gl is to serve as a gate insulator film of the
thin-film transistor TFT in a region where the thin-film tran-
sistor TFT is formed and its thickness or the like is set accord-
ingly. In a layer overlying the gate insulator film GI, a gate
line GL is formed and the gate line GL also serves as a gate
electrode GT in a portion where it lies above the semiconduc-
tor layer AS. In a layer overlying this gate line GL, an inor-
ganic insulation film (interlayer dielectric film) IN1 is
formed. As the inorganic insulation film IN1, for example,
silicon oxide (SiO) is preferable.

[0039] Further, in a layer overlying the inorganic insulation
film IN1, a drain line DL extending in the Y direction of FIG.
2 is formed. The drain line DL also serves as a drain electrode
in a portion where a part of the drain line DL is connected to
the semiconductor layer AS through a contact hole TH2
formed in the gate insulator film GI and the inorganic insula-
tion film IN1. A source electrode ST that is formed at the other
end of the semiconductor layer AS, together with the drain
line DL, is connected to the semiconductor layer AS through
the contact hole TH1 formed in the gate insulator film GI and
the inorganic insulation film IN1. In aregion where a gate line
GL and a drain line DL cross, the above-mentioned interlayer
dielectric film IN1 is disposed between the gate line GL and
the drain line DL, thus preventing a short circuit between the
gate line GL and the drain line DL.

[0040] Inalayer overlying the drain line DL and the source
electrode ST, that is, overlying the thin-film transistor TFT, an
inorganic insulation film IN2 is formed as a protective film
made of an inorganic compound to cover the thin-film tran-
sistor TFT. This inorganic insulation film IN2 has a role of
protecting the thin-film transistor TFT from, inter alia, some
components of an organic insulation film PAS and is made of,
for example, silicon nitride (SiN) film, silicon oxide (SiO,
Si02) film, or the like. The inorganic insulation film IN2 is
formed all over the layer overlying the thin-film transistor
TFT.

[0041] In a layer overlying the inorganic insulation film
IN2, an organic insulation film PAS that serves as a planariz-
ing film is formed. In the first embodiment, a taper angle of
about 60 degrees is provided in a region where the contact
hole TH1 is formed, as will be detailed later.

[0042] Inalayer overlying the organic insulation film PAS,
a transparent conductive film made of ITO is formed, which
becomes the common electrode CT. In a further overlying
layer, an inorganic insulation film IN3 that also servers as a
capacitance insulating film is formed. Through the inorganic
insulation film IN3, organic insulation film PAS, and inor-
ganic insulation film IN2, the contact hole TH1 is formed
extending to a thin film that becomes the source electrode ST.
The contact hole TH1 provides electrical connection between
the pixel electrode PX that is formed by a transparent con-
ductive film made of ITO and the source electrode ST.
[0043] In a portion of the contact hole TH1 that is formed
through the organic insulation film PAS, as shown in FIG. 4,
a taper angle of about 60 degrees (denoted by 0 in FIG. 4) is
provided, which is the angle between the inorganic insulation
film IN2 surface toward the liquid crystal layer and the side-
wall of the organic insulation film PAS. Note that the taper
angle is not limited to 60 degrees and may be any other angle
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larger than 60 degrees. In addition, as shown in FIG. 4, a step
(a raised portion situated above the inorganic insulation film
IN1 and the gate insulator film GI) is formed in a part of the
inorganic insulation film IN2 surface toward the liquid crystal
layer. In the through hole that forms the contact hole TH1,
extending from the organic insulation film PAS surface
toward the liquid crystal layer to the underlying inorganic
insulation film IN2, the sidewall of the organic insulation film
PAS is formed near the above step (raised portion) of the
inorganic insulation film IN2, as will be detailed in a later
subsection “Principle” subsection.

[0044] More specifically, in the first embodiment, in the
region where the contact hole TH1 is formed, the sidewall of
the organic insulation film PAS is formed such that a distance
L between a lower side corner of the organic insulation film
PAS, which is denoted by a circle D and adjoins the inorganic
insulation film IN2 formed in the underlying layer, and an end
(toward the sidewall of the organic insulation film PAS) ofthe
step (raised portion) formed in a part of the inorganic insula-
tion film IN2 surface toward the liquid crystal layer is equal to
or less than 1 um. In other words, the lower side corner of the
organic insulation film PAS is positioned within the distance
of'1 um from the lower end of the step (raised portion) formed
in a part of the inorganic insulation film IN2 surface toward
the liquid crystal layer. Owing to the above-described con-
figuration according to the first embodiment, a large slope
angle of the organic insulation film PAS is provided without
significantly increasing the amount of exposure when the
organic insulation film PAS is exposed to light. For the expo-
sure, for example, GHI rays are used. Because the amount of
exposure increases in proportion to exposure time, it is pos-
sible to provide a large slope angle of the organic insulation
film PAS without decreasing the production throughput of the
liquid crystal display device. Therefore, it is possible to
reduce the area occupied by the contact hole in a pixel region
and improve the aperture ratio without decreasing the pro-
duction throughput of the liquid crystal display device.
[0045] The step (raised portion) that is formed in a part of
the inorganic insulation film IN2 is the step formed by layer-
ing the inorganic insulation film IN2 over the end portions of
the gate insulator film GI and the inorganic insulation film
IN1 which are formed in the layers overlying the semicon-
ductor layer AS. In order to form such step, according to the
first embodiment, the opening of the organic insulation film
PAS is formed to have a larger width than the width of the
opening that is formed in the inorganic insulation film IN2,
and the opening of the gate insulator film GI and the inorganic
insulation film IN1 is formed to have a larger width than the
width of the opening of the organic insulation film PAS.
Thereby, an end portion of the pixel electrode PX is formed
over the surface of the thin film that becomes the source
electrode ST of the thin-film transistor TFT and the source
electrode ST and the pixel electrode PX are electrically con-
nected.

(Principle)

[0046] FIGS. 5A to 5C are cross-sectional views for
explaining the principle of the present invention. FIG. 5A is a
cross-sectional view when the lower corner of the organic
insulation film PAS is formed over a higher plane of the step.
FIG. 5B is a cross-sectional view when the lower corner of the
organic insulation film PAS is formed over a planar upper
surface. FIG. 5C is a cross-sectional view when the lower
corner of the organic insulation film PAS is formed over a
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lower plane of the step. Note that FIGS. 5A to 5C show the
cases where the openings of the organic insulation films are
formed with the same amount of exposure.

[0047] The present inventors have formed respective
organic insulation films PAS over a planar inorganic insula-
tion film IN2 and over inorganic insulation films IN2 with the
step formed and then formed respective openings having
tapered sidewalls in the organic insulation films PAS using an
amount of exposure. Then, the inventors have compared taper
angles in the respective cases and obtained the following
finding.

[0048] A taper angle of the organic insulation film PAS
when the organic insulation film PAS is formed over the
higher plane (flat plane) of the step in the inorganic insulation
film IN2, thus covering the step, is denoted by 61, as shown in
FIG. SA. A taper angle of the organic insulation film PAS
when the organic insulation film PAS is formed over the upper
surface and (flat of a planar inorganic insulation film IN2 is
denoted by 62, as shown in FIG. 5B. And a taper angle of the
organic insulation film PAS when the organic insulation film
PAS is formed over he lower plane (flat plane) of the step in
the inorganic insulation film IN2, thus covering the step, is
denoted by 03, as shown in FIG. 5C. The distance between the
sidewall of the organic insulation film PAS and the step is
equal to or less than 1 pm.

[0049] The taper angles of the openings, i.e., the corners of
the organic insulation films PAS, formed in the above cases,
are as follows: 63>02>01. In order to form the corner with a
larger taper angle 63 relative to the taper angle 82 with respect
to the planar underlying film, it has been found that the larger
taper angle 03 can be obtained even using the same amount of
exposure by forming the organic insulation film PAS over the
lower plane of the step of the inorganic insulation film IN2,
thus covering the step, as shown in FIG. 5C. In order to form
the corner with a smaller taper angle 01 than the taper angle
62 with respect to the planar underlying film using the same
amount of exposure, it has been found that the smaller taper
angle 61 can be obtained even using the same amount of
exposure by forming the organic insulation film PAS over the
he higher plane of the step of the inorganic insulation film
IN2, thus covering the step, as shown in FIG. SA.

[0050] Thus, in the liquid crystal display device of the first
embodiment, the lower corner of the organic insulation film
PAS is formed over the lower plane of the stage of the inor-
ganic insulation film IN2 and the stage is covered with the
organic insulation film PAS. By this configuration, the side-
wall of the organic insulation film PAS, i.e., the sidewall of the
contact hole TH1 is formed to have a taper angle of about 60
degrees, as shown in FIG. 4, without increasing the amount of
exposure when forming the organic insulation film PAS.
Thereby, the taper angle of the sidewall of the contact hole
TH1 in the liquid crystal display device of the first embodi-
ment shown in FIG. 4 can be made larger than the taper angle
of the contact hole sidewall of a conventional liquid crystal
display device (the shape of the step of the inorganic insula-
tion film IN2 differs from the step shown in FIG. 4) which is
shown in FIG. 6 corresponding to FIG. 4. However, the pixel
structure in the conventional liquid crystal display device
shown in FIG. 6 is such that the organic insulation film PAS is
formed over the higher plane of the stage of the inorganic
insulation film IN2, thus covering the step; that is, this is very
similar to the configuration as shown in FIG. 5A. Hence itcan
be supposed that quite a large amount of exposure is needed
to form the organic insulation film PAS having a taper angle
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of 6=60 degrees or larger in the conventional liquid crystal
display device including such configuration.

Second Embodiment

[0051] FIG. 7 is atop view for explaining a rough structure
of a pixel in a liquid crystal display device of a second
embodiment of the present invention. FIG. 8 is a cross-sec-
tional view taken along line E-E' seen in FIG. 7. FIG.9 is a
cross-sectional view taken along line F-F' seen in FIG. 7. The
liquid crystal display device of the second embodiment is
configured such that red (R), green (G), and blue (B) color
filters (coloring layers) are formed in order in the region
where the organic insulation film PAS is formed in the liquid
crystal display device of the first embodiment. Other compo-
nents except for the color filters are the same as for the first
embodiment. Thus, in the following description, how the
color filters are configured and a contact hole TH1 that is
formed through the color filters are described in detail.
[0052] As shown in FIG. 7, over a surface (face, upper
surface), facing toward the liquid crystal layer, of the first
substrate SUB in the liquid crystal display device of the
second embodiment, gate lines GL. and drain line DL are
arranged at predetermined intervals. In a pixel defined by an
area surrounded by two adjacent drain lines DL and two
adjacent gate lines GL, color filters of any color of red (R),
green (G), and blue (B) are formed. Particularly, in the liquid
crystal display device of the second embodiment, each color
filter is formed in a strip shape along the Y direction in which
the drain lines DL extend. For example, a green (G) color filer
CF(G) is formed in a pixel in the center of FIG. 7 and a green
(G) color filer CF(G) is also formed in each of pixels adjacent
to the center pixel in the Y direction. On the other hand, in the
X direction, strip-shaped color filters (a red (R) color filter
CF(R) (left in FIG. 7), a green (G) color filter CF(G) (center
in FIG. 7), and a blue (B) color filter CF(B) (right in FIG. 7))
are formed adjacently. Moreover, in the liquid crystal display
device of the second embodiment, ends (adjoining ends) of
adjacently arranged color filters are tapered and disposed to
overlap with each other and this overlap portion lies above
each drain line DL. In the thus configured pixel of the second
embodiment, as shown in FIG. 8, thin films including an
inorganic insulation film IN2 are configured in the same
manner as for the first embodiment and the color filters
CF(R), CF(R), CF(R) are formed over the inorganic insula-
tion film IN2. This inorganic insulation film IN2 has a role of
protecting the thin-film transistor TFT from, inter alia, metal
components included in pigments which are organic insula-
tive substances of the color filters. In the second embodiment,
each red (R) color filter CF(R), green (G) color filter CF(G),
and blue (B) color filter CF(B) are formed in order in a layer
overlying the inorganic insulation film IN2. Note that the
order in which the color filters of each color are formed is not
limited to the above-mentioned order. In forming these color
filters, a region where two adjacent color filters lie above each
drain line DL and overlap with each other is used as a light
shielding region (light shielding film). That is, two adjacent
color filters are configured to overlap with each other above
the relevant drain line DL.

[0053] In a case where such an overlap configuration is
adopted, if the taper angle of a lower positioned color filter in
the overlap portion (the taper angle of CF(G) in FIG. 8) is
somewhat large, an upper positioned color filter is usually
superposed over the lower positioned color filter and a raised
portion is formed in the overlap portion. In a left overlap
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portion in FIG. 8, a color filter CF(R) is superposed over the
color filter CF(G) and a raised portion is formed. Similarly, in
a right overlap portion in FIG. 8, a color filter CF(B) is
superposed over the color filter CF(G) and a raised portion is
formed. This raised portion results in raised and recessed
portions in the common electrode CT and pixel electrode PX
that are formed in a layer overlying the color filters, which
causes a degradation in the image quality of the liquid crystal
display device. Therefore, the taper angles of the color filters
in the overlap portions shown in FIG. 8 should be made a
relatively small angle.

[0054] On the other hand, when forming color filters
CF(R), CF(G), and CF(B), a contact hole TH1 in each pixel
region is also to be formed in order. For example, to form a
color filter CF(G), after applying a resist material for green
(G) all over the surface of the first substrate SUBI1, the resist
is patterned into a predetermined shape by photolithography.
In this process, the ends (overlap portions) of the color filters
are tapered and contact holes are formed concurrently. How-
ever, because a predetermined amount of irradiation of expo-
sure light onto the glass substrate is equally performed for a
region where a contact hole TH1 is formed and a color filter
overlap portion, the taper angle of the overlap portion
becomes equal to the taper angle of the contact hole TH1 in
conventional techniques. This makes it difficult to form
respective films with different optimal taper angles in each of
these regions. It is possible to realize different amounts of
exposure by using, for example, a halftone mask or the like.
However, even in this case, exposure should be performed by
anamount of exposure that is determined by the taper angle of
the contact hole TH1 for which a large amount of exposure
should be performed. Thus, the exposure time becomes
lengthy and the production throughput decreases.

[0055] To address this, in the liquid crystal display device
of the second embodiment, as shown in FIG. 8, color filters in
an each overlap portion, lying above each drain line DL, are
formed such that, for example, the lower corners of the color
filters are positioned on the upper plane of a step that is
formed by each drain line DL and the color filters cover the
step (configuration shown in FIG. 5A). Thereby, the corners
ofthe color filters are tapered at a relatively small taper angle.
For example, the color filter CF(G) is configured as follows:
in upper peripheries of a raised portion of the inorganic insu-
lation film IN2 which is formed under the color filter CF(G),
a corner is formed where the color filter CF(G) and the inor-
ganic insulation film IN2 come into contact and the upper
surface (toward the liquid crystal layer) of the color filter
CF(G) is formed to extend above the lower plane between
raised portions. The distance between the tapered color filter
corner and the relevant end edge of the raised portion is equal
to or less than 1 pm. This is because the effect described in
conjunction with FIGS. 5A to 5C is obtained more signifi-
cantly.

[0056] Furthermore, in a portion where the contact hole
TH1 is formed, as shown in FIG. 9, the sidewall of the color
filter CF(G) is formed such that a distance L between a lower
side corner of the color filter CF(G) contacting with the inor-
ganic insulation film IN2 that is formed in the underlying
layer and an end which is near the first substrate SUB1 of a
step that is formed in the inorganic insulation film IN2 surface
toward the liquid crystal layer is equal to or less than 1 pm.
That is, the lower side corner of the color filter CF(G) is
positioned within the distance L=1 pum or less from the rel-
evant lower end of the raised portion that is formed in the
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inorganic insulation film IN2 surface toward the liquid crystal
layer (configuration shown in FIG. 5C). Thus, the same effect
as in the first embodiment can be obtained. In addition, in
upper peripheries of the raised portion of the inorganic insu-
lation film IN2 which is formed under the color filter CF, a
corner is formed where the color filter CF and the inorganic
insulation film IN2 come into contact and the upper surface
(toward the liquid crystal layer) of the color filter CF is
formed to extend above the lower plane from the raised por-
tion. Thus, the taper angle of the color filter CF can be made
larger with the same amount of exposure.

[0057] Inthis way, in the liquid crystal display device ofthe
second embodiment, even if there are regions such as the
contact hole TH1 portion and the color filter overlap portion
for which optimal taper angles differ, respective optimal taper
angles can be provided only by adjusting positions where a
step of the inorganic insulation film IN2 and a corner of a
tapered sidewall should be formed, without increasing the
number of times of exposure and without increasing the
amount of exposure.

[0058] While the invention made by the present inventors
has been described specifically based on the foregoing
embodiments of the invention, the present invention is not
limited to the described embodiments and various modifica-
tions may be made thereto without departing from the scope
of the invention.

What is claimed is:

1. A liquid crystal display device comprising a first sub-
strate and a second substrate which is disposed to be opposed
to the first substrate across a liquid crystal layer, the first
substrate including drain lines extending in a first direction
and arranged in a second direction; gate lines extending in the
second direction and arranged in the first direction; thin-film
transistors that output visual signals from the drain lines to
pixel electrodes in sync with scan signals from the gate lines;
and an organic film that is formed between each of the thin-
film transistors and each of the pixel electrodes,

wherein the organic film has a contact hole for electrical

connection between a source electrode of the each thin-
film transistor and the each pixel electrode,

wherein a step is formed in a layer underlying the organic

film and an edge portion of the organic film toward the
each thin-film transistor, the edge portion forming the
contact hole, is formed to lie on a lower plane of the step,
and

wherein a sidewall part of the contact hole which is formed

in the organic film is formed to have a taper angle of 60
degrees or larger.

2. The liquid crystal display device according to claim 1,
wherein the organic film is formed in a layer overlying the
step, thus covering the step.

3. The liquid crystal display device according to claim 1,
wherein the organic film includes an organic insulation film
that is formed in a layer overlying an inorganic insulation
layer.

4. The liquid crystal display device according to claim 1,
the organic film includes red (R), green (G), and blue (B)
coloring layers that are formed in a layer overlying the inor-
ganic insulation film.

5. The liquid crystal display device according to claim 4,

wherein the coloring layers are formed such that their

adjoining end faces are tapered and the adjoining end
faces of two of the red (R), green (G), and blue (B)
coloring layers overlap with each other, and
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wherein a region where the adjoining end faces of the two
coloring layers overlap with each other is situated in a
layer overlying the each drain line and lies above the
each drain line.

6. The liquid crystal display device according to claim 3,

wherein the step is the step of the inorganic insulation film.

7. The liquid crystal display device according to claim 1,
wherein the step is formed by a difference in the number of
layer thin film layers that are formed under the inorganic
insulation film.

8. A liquid crystal display device comprising a plurality of
pixels, each including a thin-film transistor and a pixel elec-
trode, and an organic insulation film formed between one
electrode of the thin-film transistor and the pixel electrode,

wherein the one electrode and the pixel electrode are con-
nected through a contact hole formed in the organic
insulation film,

wherein a sidewall of the contact hole, which is made of the
organic insulation film, is tapered,

wherein an underlying layer beneath the organic insulation
film, in contact with the organic insulation film, includes
a first plane that overlaps with the sidewall in a planar
view and a second plane that is situated nearer the pixel
electrode in relation to the first plane and a step is formed
by the first plane and the second plane, and

wherein a distance from a position at which the sidewall
intersects with the first plane to an end, abutting on the
second plane, of the first plane is equal to or less than 1
pm.

9. The liquid crystal display device according to claim 8,
wherein the underlying layer is an inorganic insulation film
including silicon nitride or silicon oxide.

10. The liquid crystal display device according to claim 8,

wherein the thin-film transistor has a gate insulator film,
and

wherein an end of the gate insulator film is situated under
the second plane.

11. A liquid crystal display device comprising:

a pair of substrates that is disposed to be opposed to each
other;

a plurality of pixels, each including a thin-film transistor
and a pixel electrode, formed over one of the pair of
substrates;

a color filter layer including a first color filter, a second
color filter, and a third color filter formed between the
thin-film transistor and the pixel electrode and formed
adjacent to each other,
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wherein one electrode of the thin-film transistor and the
pixel electrode are connected through a contact hole
formed in the color filter layer,

wherein a sidewall of the contact hole, which is made ofthe
color filter layer, is tapered,

wherein an underlying layer beneath the color filter layer,
in contact with the color filter layer, includes a first plane
that overlaps with the sidewall in a planar view and a
second plane that is situated nearer the pixel electrode in
relation to the first plane and a first step is formed by the
first plane and the second plane,

wherein a distance from a position at which the sidewall
intersects with the first plane to an end, abutting on the
second plane, of the first plane is equal to or less than 1

whuelllrlein the first color filter, the second color filter, and the
third color filter are formed such that an end face of the
second color filter is superposed over one end face of the
first color filter and an end face of the third color filter is
superposed over the other end face, which is different
from the one end face, of the first color filter,

wherein the one end face and the other end face of the first

color filter are tapered,

wherein a region of the underlying layer, in contact with the

first color filter, includes a third plane that overlaps with
the one end face or the other end face in a planar view
and a fourth plane that is situated nearer the one elec-
trode in relation to the third plane and a step is formed by
the third plane and the fourth plane, and

wherein a distance from a position at which the one end

face or the other end face intersects with the third plane
to an end, abutting on the fourth plane, of the third plane
is equal to or less than 1 pm.

12. The liquid crystal display device according to claim 11,
wherein the underlying layer is an inorganic insulation film
including silicon nitride or silicon oxide.

13. The liquid crystal display device according to claim 11,

wherein the thin-film transistor has a gate insulator film,

and

wherein an end of the gate insulator film is situated under

the second plane.

14. The liquid crystal display device according to claim 11,

wherein one of the substrates includes a plurality of drain

lines that supply visual signals to the pixel electrode via
the thin-film transistor, and

wherein each of the drain lines is situated under the third

plane.
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