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(57) ABSTRACT

The present invention reduces a connection failure between
two conductive layers which are connected with each other
via a through hole in a display device and reduces a defect
of an orientation film formed on a TFT substrate side in a
liquid crystal display device. A display device includes a
display panel in which a first conductive layer formed on a
surface of a substrate, and a second conductive layer which
is formed over the first conductive layer as viewed from a
surface of the substrate by way of a thin film layer formed
of one insulation film or two or more stacked thin films
including one insulation film are electrically connected with
each other in an opening portion formed in the thin film
layer. Out of opening ends of the opening portion of the thin
film layer, an outer periphery of the opening end remote
from the surface of the substrate changes a distance from the
surface of the substrate one time or more during one turn of
the outer periphery.
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DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese application JP2006-150773 filed on May 31, 2006, the
content of which is hereby incorpor ated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly to a technique which is effectively
applicable to through holes formed in a display region of a
liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] Convention ally, as a display device which displays
a video or an image, there has been known a liquid crystal
display device which uses a liquid crystal display panel
sealing a liquid crystal material between a pair of substrates.
[0006] Intheliquid crystal display panel, one substrate out
of a pair of substrates is generally referred to as a TFT
substrate, and on a surface of a transparent substrate, a
plurality of scanning signal lines and a plurality of video
signal lines which stereoscopically intersects the plurality of
scanning signal lines by way of an insulation layer are
formed. Then, a region which is surrounded by two neigh-
boring scanning signal lines and two neighboring video
signal lines corresponds to one pixel region, and a TFT
element, a pixel electrode and the like are arranged on each
pixel region. Further, another substrate which forms a pair
with the TFT substrate is generally referred to as a counter
substrate.

[0007] When the liquid crystal display panel is, for
example, of a drive method which is referred to as a
vertical-electric-field method such as a TN method or a VA
method, a counter electrode (also referred to as a common
electrode) which faces the pixel electrode of the TFT sub-
strate is arranged on a counter substrate side. Further, in case
of a drive method which is referred to as a lateral electric
field method such as an IPS method, for example, the
counter electrode is formed on the TFT substrate side.
[0008] Further, the pixel electrode of the TFT substrate is
electrically connected with a source electrode of the TFT
element. Here, a one-layered or two-layered insulation film
is interposed between the source electrode and the pixel
electrode, and the pixel electrode is connected with the
source electrode at an opening portion referred to as a
through hole or a contact hole formed in the insulation film
(for example, see patent document 1 (JP-A-11-326949)).
[0009] The TFT substrate and the counter substrate form
an orientation film for controlling the direction (orientation)
of liquid crystal molecules in a state that no potential
difference exists between the pixel electrode and the counter
electrode and an arrangement and an inclination of the liquid
crystal molecules when the potential difference is generated
between the pixel electrode and the counter electrode. The
orientation film is formed on an interface with a liquid
crystal material (a liquid crystal layer) of each substrate and,
for example, is formed by applying rubbing treatment to a
surface of a resin film made of polyimide which is formed
to cover the whole display region constituted of a mass of
the pixel regions.

[0010] Here, the pixel electrodes of the TFT substrate are
formed by forming a transparent conductive film made of

Dec. 6, 2007

ITO on a whole surface of an insulation layer in which
through holes (opening portions) are formed and, thereafter,
by etching the conductive film. Here, an etching resist used
in etching the conductive film is formed by applying a resist
material in a liquid form on the conductive film by printing
or coating and, thereafter, by exposing and developing the
resist material.

[0011] However, in the liquid crystal display device of
recent years, for example, along with the fining of the pixel
region and the increase of a numerical aperture of the pixel
region, a hole diameter of a through hole (opening portion)
is decreased. Accordingly, for example, when the resist
material in a liquid form is applied by printing or coating, the
resist material in a liquid form hardly enters a recessed
portion formed in a through hole portion. Accordingly, a
defect is formed in the through hole portion of the etching
resist which is formed by exposure and development and
hence, the conductive film (ITO film) of the through hole
portion is removed by etching performed subsequently. As a
result, for example, there arises a drawback that a conduc-
tive failure is generated between the source electrode and the
pixel electrode of the TFT substrate.

[0012] Further, in case of the TFT substrate, in forming the
orientation film, the resin material in a liquid form is applied
to the pixel electrode by printing or coating and, thereafter,
the resin material is hardened (cured) by baking. Also in this
case, for example, when the hole diameter of the through
hole (opening portion) for connecting the pixel electrode
with the source electrode is small, the printed resin material
in a liquid form hardly enters the recessed portion formed in
the through hole portion. Accordingly, there have been
drawbacks that fine recessed defects are generated in the
orientation film on the TFT substrate side, the orientation
irregularities occur in the through hole portion, and leaking
of light occurs.

SUMMARY OF THE INVENTION

[0013] Accordingly, it is an object of the present invention
to provide a technique which can reduce a connection failure
between two conductive layers which are connected with
each other via a through hole in a display device.

[0014] It is another object of the present invention to
provide, for example, a technique which is capable of
reducing a connection failure between a source electrode of
a TFT element and a pixel electrode which are connected
with each other via a through hole in a liquid crystal display
device.

[0015] It is another object of the present invention to
provide, for example, a technique which can reduce a defect
of an orientation film formed on a TFT substrate side in the
liquid crystal display device.

[0016] The above-mentioned and other objects and novel
features of the present invention will become apparent from
the description of this specification and attached drawings.
[0017] To schematically explain the summary of typical
inventions among inventions disclosed in this specification,
they are as follows.

[0018] A display device of the present invention includes
a pair of substrates which is formed of a transparent member,
a first conductive layer which is formed on one of the
substrates, a second conductive layer which is formed on a
liquid crystal side of the first conductive layer by way of an
intermediate layer which includes at least one insulation
layer, and an opening portion formed in the intermediate
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layer, wherein out of opening ends of the opening portion,
an outer periphery of the opening end on the liquid crystal
side has a distance thereof from the substrate changed one
time or more during one turn of the outer periphery.

[0019] Further, a display device of the present invention
includes a pair of substrates which is formed of a transparent
member, a first conductive layer which is formed on one of
the substrates, a second conductive layer which is formed on
a liquid crystal side of the first conductive layer by way of
an intermediate layer which includes at least one insulation
layer, and an opening portion formed in the intermediate
layer such that the second conductive layer is exposed,
wherein the first conductive layer is formed to cover the
opening portion, and an opening end of the opening portion
is formed such that a distance between the opening end on
another substrate side and the substrate is set at least in two
modes.

[0020] In the display device of the present invention, due
to the characterizing constitution thereof, for example, in
forming the second conductive layer by etching, the resist
material in a liquid form which is applied to the conductive
film by printing or coating easily enters a recessed portion
formed in the opening portion thus prevent ing a shape
defect of an etching resist. Accordingly, it is possible to
prevent a conductive failure between the first conductive
film and the second conductive film in the opening portion.

[0021] To change the distance between the outer periphery
of the opening end and the surface of the substrate, for
example, the opening portion may be formed such that the
outer periphery of the opening end on another substrate side
passes through two or more regions which differ in the
number of layers of thin films which are interposed between
the surface of the substrate and the second conductive layer.

[0022] Here, in the display device of the present invention,
provided that the liquid crystal display panel includes the
substrate which forms the first conductive layer and the
second conductive layer which are connected with each
other via the through hole on a surface thereof, any liquid
crystal display panel may be used. Particularly, it is desirable
to adopt the liquid crystal display panel which seals a liquid
crystal material between a pair of substrates.

[0023] The substrate of the liquid crystal display panel
forms an orientation film on an interface thereof with the
liquid crystal material (liquid crystal layer) and the orien-
tation film is formed by applying a resin material in a liquid
form to a surface of the substrate in which a recessed portion
is formed by the opening portion (through hole) by printing
or coating. Accordingly, by changing a distance between an
outer periphery of the opening end remoter from the surface
of the substrate in distance and the surface of the substrate,
for example, the printed resin material in a liquid form can
easily enter the recessed portion formed in the opening
portion thus preventing a shape defect of the orientation
film.

[0024] Further, in the liquid crystal display panel or the
like, the substrate which mounts the first conductive layer
and the second conductive layer thereon includes, on the
surface thereof, a plurality of scanning signal lines, a plu-
rality of video signal lines which stereoscopically intersects
the plurality of scanning signal lines by way of an insulation
layer, and a TFT element and a pixel electrode which are
arranged in each region surrounded by two neighboring
scanning signal lines and two neighboring video signal lines.
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Here, the first conductive layer is a source electrode of the
TFT element and the second conductive layer is the pixel
electrode.

[0025] Further, in the liquid crystal display panel, the
substrate which mounts the first conductive layer and the
second conductive layer thereon may include, on the surface
thereof, a plurality of scanning signal lines, a plurality of
video signal lines which stereoscopically intersect the plu-
rality of scanning signal lines by way of the insulation layer,
and a TFT element and a pixel electrode which are arranged
in each region surrounded by two neighboring scanning
signal lines and two neighboring video signal lines, common
electrodes which are overlapped with the pixel electrodes in
plane between the surface of the first substrate and the pixel
electrodes, and a bridge line which stereoscopically inter-
sects one scanning signal line by way of an insulation layer
and electrically connects two common electrodes which are
arranged with one scanning signal line sandwiched therebe-
tween. In this case, the number of combinations of the first
conductive layer and the second conductive layer is two. In
one combination, the first conductive layer is formed of a
source electrode of the TFT element and the second con-
ductive layer is formed of the pixel electrode. In another
combination, the first conductive layer is formed of the
common electrode or a conductive layer which is brought
into contact with and is electrically connected with the
common electrode, and the second conductive layer is the
bridge line.

[0026] Further, in the display panel such as a liquid crystal
display panel, for example, the TFT element adopts various
constitutions (structures). Besides the above-mentioned
combination of the source electrode and the pixel electrode
and the combination of the common electrode and the bridge
line, other conductive layers may be connected via the
opening portion (through hole). Also in such a case, by
providing the above-mentioned constitution to the opening
portion, when a material in a liquid form is applied to the
second conductive layer by printing or coating, the printed
material in a liquid form can easily enter the recessed portion
formed in the opening portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic plan view of a liquid crystal
display panel as viewed from a viewer’s side;

[0028] FIG. 2 is a schematic cross-section al view taken
along a line A-A' in FIG. 1;

[0029] FIG. 3 is a schematic plan view showing a consti-
tution al example of one pixel in a display region of a TFT
substrate of the liquid crystal display panel;

[0030] FIG. 4 is a schematic cross-section al view taken
along a line B-B' in FIG. 3;

[0031] FIG. 5 is a schematic cross-section al view taken
along a line C-C' in FIG. 3;

[0032] FIG. 6 is a schematic plan view showing the
schematic constitution of a through hole of an embodiment
L;

[0033] FIG. 7 is a schematic cross-section al view taken
along a line D-D' in FIG. 6;

[0034] FIG. 8 is a schematic plan view showing the
schematic constitution of a through hole in a convention al
TFT substrate;

[0035] FIG. 9 is a schematic cross-section al view for
explaining a point which becomes a drawback in the con-
vention al TFT substrate;
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[0036] FIG. 10 is a schematic cross-section al view for
explaining the manner of operation and advantageous effects
of the through hole in the embodiment 1;

[0037] FIG. 11 is a schematic plan view for explaining a
first modification of the through hole in the embodiment 1;
[0038] FIG. 12 is a schematic cross-section al view taken
along a line F-F' in FIG. 11;

[0039] FIG. 13 is a schematic plan view for explaining a
second modification of the through hole in the embodiment
L

[0040] FIG. 14 is a schematic plan view for explaining a
third modification of the through hole in the embodiment 1;
[0041] FIG. 15 is a schematic cross-section al view taken
along a line G-G' in FIG. 14;

[0042] FIG. 16 is a schematic plan view for explaining a
fourth modification of the through hole in the embodiment
L

[0043] FIG. 17 is a schematic cross-section al view for
explaining an application example of the through hole in the
embodiment 1;

[0044] FIG. 18 is a schematic plan view showing the
schematic constitution of the through hole in an embodiment
2;

[0045] FIG. 19 is a schematic cross-section al view taken
along a line H-H' in FIG. 18;

[0046] FIG. 20 is a schematic plan view showing the
schematic constitution ofthe through hole in an embodiment
3;

[0047] FIG. 21 is a schematic cross-section al view taken
along a line J-J' in FIG. 20;

[0048] FIG. 22 is a schematic plan view showing a state of
a glass substrate immediately before forming the through
hole;

[0049] FIG. 23 is a schematic cross-section al view taken
along a line K-K' in FIG. 22;

[0050] FIG. 24 is a schematic plan view for explaining a
modification of a stepped-portion forming layer MR;
[0051] FIG. 25 is a schematic plan view showing the
schematic constitution of the through hole in an embodiment
4

[0052] FIG. 26 is a schematic cross-section al view taken
along a line L-L' in FIG. 25,

[0053] FIG. 27 is a schematic plan view for explaining a
first modification of a connection portion of the through hole
in the embodiment 4;

[0054] FIG. 28 is a cross-section al view taken along a line
M-M' in FIG. 29;

[0055] FIG. 29 is a schematic plan view for explaining a
second modification of the through hole in the embodiment
4

[0056] FIG. 30 is a schematic plan view showing the
schematic constitution of the through hole in an embodiment
55

[0057] FIG. 31 is a schematic cross-section al view taken
along a line N-N' in FIG. 30; and

[0058] FIG. 32 is a schematic cross-section al view for
explaining a modification of the through hole in the embodi-
ment 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0059] Herein after, the present invention is explained in
detail in conjunction with embodiments by reference to the
drawings. Here, in all drawings for explaining the embodi-
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ments, parts having identical functions are given same
symbols and their repeated explanation is omitted.

[0060] FIG. 1 to FIG. 5 are schematic views showing one
constitution al example of a display panel to which the
present invention is applied.

[0061] FIG. 1 is a schematic plan view of a liquid crystal
display panel as viewed from a viewer’s side. FIG. 2 is a
schematic cross-section al view taken along a line A-A' in
FIG. 1. FIG. 3 is a schematic plan view showing a consti-
tution al example of one pixel in a display region of a TFT
substrate of the liquid crystal display panel. FIG. 4 is a
schematic cross-section al view taken along a line B-B' in
FIG. 3. FIG. 5 is a schematic cross-section al view taken
along a line C-C' in FIG. 3.

[0062] The present invention relates to a display device
which includes a display panel, wherein the display panel
mounts two conductive layers which are connected to each
other by way of a through hole on a surface of a substrate.
As an example of such a display panel, a liquid crystal
display panel is named.

[0063] The liquid crystal display panel is, as shown in
FIG. 1 and FIG. 2, a display panel which seals a liquid
crystal material 3 between a pair of substrates 1, 2. Here, the
pair of substrates 1, 2 is adhered to each other using a sealing
material 4 which is arranged outside a display region DA in
an annular shape, and the liquid crystal material 3 is sealed
in a space surrounded by the pair of substrates 1, 2 and the
sealing material 4.

[0064] Out of the pair of substrates 1, 2, generally, the
substrate 1 having an external size thereof larger than an
external size of the substrate 2 as viewed from a viewer’s
side is referred to as a TFT substrate. Although the expla-
nation is omitted in FIG. 1 and FIG. 2, the TFT substrate 1
is configured such that a plurality of scanning signal lines
and a plurality of video signal lines which stereoscopically
intersect the plurality of scanning signal lines by way of an
insulation layer are formed on a surface of a transparent
substrate such as a glass substrate. Further, a region which
1s surrounded by two neighboring scanning signal lines and
two neighboring video signal lines corresponds to one pixel
region, and a TFT element, a pixel electrode and the like are
arranged on each pixel region. Further, another substrate 2
which forms a pair with the TFT substrate 1 is generally
referred to as a counter substrate.

[0065] When the liquid crystal display panel is, for
example, of a drive method referred to as a vertical-electric-
field method such as a TN method or a VA method, a counter
electrode (also referred to as a common electrode) which
faces the pixel electrode of the TFT substrate 1 is arranged
on a counter substrate 2 side. Further, in case of a drive
method which is referred to as a lateral electric field method
such as an IPS method, for example, the counter electrode is
formed on the TFT substrate 1 side.

[0066] Next, a constitution al example of one pixel of a
display region DA of the liquid crystal display panel is
briefly explained in conjunction with FIG. 3 to FIG. 5.
[0067] In the liquid crystal display panel to which the
present invention is applied, one pixel of the display region
DA may adopt any constitution provided that two conduc-
tive layers such as a source electrode of the TFT element and
the pixel electrode, for example, are connected with each
other via a through hole. However, in the embodiment
described herein after, the constitution which adopts the IPS
method shown in FIG. 3 to FIG. 5 is exemplified.



US 2007/0279564 A1l

[0068] In the IPS-method liquid crystal display panel, the
pixel electrodes and the counter electrodes (common elec-
trodes) are provided ona TFT substrate 1 side. Here, the TFT
substrate 1 is configured such that, for example, as shown in
FIG. 3 to FIG. 5, a plurality of scanning signal lines GL
which extend in the x direction are mounted on a surface of
a glass substrate SUB, and a plurality of video signal lines
DL which extend in the y direction by way of a first
insulation layer PAS1 and stereoscopically intersect the
plurality of scanning signal lines GL are formed on the
scanning signal lines GL. Further, a region which is sur-
rounded by two neighboring scanning signal lines GL and
two neighboring video signal lines DL corresponds to one
pixel region.

[0069] Further, on the surface of the glass substrate SUB,
for example, a planar counter electrode CT is formed for
every pixel region. Here, the counter electrodes CT in the
respective pixel regions which are arranged in the x direc-
tion are electrically connected with each other by a common
signal line CL which is arranged parallel to the scanning
signal line GL. Further, on a side opposite to the direction
along which the common signal line CL is formed as viewed
from the scanning signal line GL, a common connection pad
CP which is electrically connected with the counter elec-
trode CT is provided.

[0070] Further, on a first insulation layer PAS1, besides
the video signal lines DL, semiconductor layers, drain
electrodes SD1, and source electrodes SD2 are formed.
Here, the semiconductor layers are formed using amorphous
silicon (a-Si), for example. The semiconductor layers are
constituted of semiconductor layers which have a function
of a channel layer SC of the TFT element which is arranged
in each pixel region and the semiconductor layers (not
shown in the drawing) which prevent short-circuiting of the
scanning signal line GL and the video signal line DL in a
region where the scanning signal line GL and the video
signal line DL stereoscopically intersect each other, for
example. Here, to the semiconductor layer having the func-
tion of the channel layer SC of the TFT element, both of the
drain electrode SD1 and the source electrode SD2 which are
connected with the video signal line DL are connected.

[0071] Further, on a surface (layer) on which the video
signal lines DL and the like are formed, the pixel electrodes
PX are formed by way of a second insulation layer PAS2.
The pixel electrode PX is an electrode which is formed
independently for every pixel region and is electrically
connected with the source electrode SD2 at an opening
portion (through hole) TH1 which is formed in the second
insulation layer PAS2. Further, when the counter electrode
CT and the pixel electrode PX are, as shown in FIG. 3 to
FIG. 5, arranged in a stacked manner by way of the first
insulation layer PAS1 and the second insulation layer PAS2,
the pixel electrode PX is formed of a comb-teeth-shaped
electrode in which slits SL are formed.

[0072] Further, on the second insulation layer PAS2,
besides the pixel electrode PX, for example, bridge lines BR
for electrically connecting two counter electrodes CT which
are arranged vertically with the scanning signal line GL
sandwiched therebetween are provided. Here, the bridge line
BR is connected with the common signal line CL and the
common connection pad CP which are arranged with the
scanning signal line GL sandwiched therebetween via
through holes TH2, TH3.
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[0073] Further, on the second insulation layer PAS2, an
orientation film 5 is formed such that the orientation film
covers the pixel electrodes PX and the bridge lines BR.
Here, although not shown in the drawing, the counter
substrate 2 is arranged to face a surface of the TFT substrate
1 on which the orientation film 5 is formed.

[0074] Herein after, shapes of the through holes when one
pixel has the constitution shown in FIG. 3 to FIG. 5 are
explained.

Embodiment 1

[0075] FIG. 6 and FIG. 7 are schematic views showing the
schematic constitution of an essential part of the liquid
crystal display panel of the embodiment 1 according to the
present invention.

[0076] FIG. 6 is a schematic plan view showing the
schematic constitution of the through hole of the embodi-
ment 1, and FIG. 7 is a schematic cross-section al view taken
along a line D-D' in FIG. 6.

[0077] This embodiment 1 focuses on the through hole
which connects the source electrode of the TFT element and
the pixel electrode and the constitution al example to which
the present invention is applied and the manner of operation
and advantageous effects of the constitution al example are
explained.

[0078] When one pixel of the display region DA adopts
the constitution shown in FIG. 3 to FIG. 5, by applying the
present invention to the connection portion between the
source electrode SD2 of the TFT element and the pixel
electrode PX, it is possible to achieve the constitution shown
in FIG. 6 and FIG. 7, for example. Here, in a region where
the source electrode SD2 and the pixel electrode PX are
overlapped with each other in plane, a stepped-portion
forming layer MR is partially formed between the source
electrode SD2 and the first insulation layer PAS1. In the
embodiment 1, the stepped-portion forming layer MR is
formed simultaneously in a step in which the semiconductor
layer such as the channel layer SC of the TFT element is
formed. Further, the stepped-portion forming layer MR is,
for example, formed in a semicircular profile as viewed in
plane.

[0079] Here, the opening portion (through hole) THI1
formed in the second insulation layer PAS2 is formed such
that an outer periphery AR of an opening end remote from
the glass substrate SUB passes a region where the stepped-
portion forming layer MR is formed and a region where the
stepped-portion forming layer MR is not formed. Accord-
ingly, the outer periphery AR of the opening end of the
opening portion TH1 remote from the glass substrate SUB
is configured such that a region where a distance from a
surface of the glass substrate SUB is d1 and a region where
a distance from a surface of the glass substrate SUB is d2
exist during one turn of the outer periphery. Here, the outer
periphery AR of the opening end of the opening portion TH1
remote from the glass substrate SUB changes the distance
from the surface of the glass substrate SUB from d1 to d2 at
an intersecting point thereof with an outer periphery of the
stepped-portion forming layer MR. The manner of operation
and advantageous effects attributed to the through hole TH1
having such a shape are explained in conjunction with FIG.
8 to FIG. 10.

[0080] FIG. 8 is a schematic plan view showing the
schematic constitution of a through hole in a convention al
TFT substrate. FIG. 9 is a schematic cross-section al view
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for explaining a point which becomes a drawback in the
convention al TFT substrate. FIG. 10 is a schematic cross-
section al view for explaining the manner of operation and
advantageous effects of the through hole in the embodiment
1. Here, FIG. 9 is a cross-section al view corresponding to
a cross section taken along a line E-E' in FIG. 8, and FIG.
10 is a cross-section al view corresponding to a cross section
taken along a line D-D' in FIG. 6.

[0081] In the convention al TFT substrate, a connecting
portion of a source electrode SD2 of a TFT element and a
pixel electrode PX is configured as shown in FIG. 8 and FIG.
9, for example, wherein the source electrode SD2 has a
region thereof where the pixel electrode PX is overlapped
with the source electrode SD2 in plane arranged substan-
tially parallel to a surface of the glass substrate SUB. That
is, in the convention al TFT substrate, with respect to an
outer periphery AR of an opening end of an opening portion
(through hole) TH1 formed in the second insulation layer
PAS2 remote from a glass substrate SUB, a distance from a
surface of the glass substrate SUB is set to an approximately
fixed value d1 at any point on the outer periphery AR.
[0082] Accordingly, for example, in a step for forming the
pixel electrode PX, when a resist material 7 in a liquid form
which is used for forming an etching resist is applied by
printing or coating to a transparent conductive film 6 made
of ITO for forming the pixel electrode PX, for example, as
shown in FIG. 9, there exists a case in which the resist
material 7 in a liquid form does not enter a recessed portion
formed by the through hole TH1. When the etching resist is
formed by performing development and exposure in a state
that the resist material 7 does not enter the recessed portion
formed by the through hole TH1, the recessed portion which
is to be covered with the etching resist in an origin al state
exhibits an exposed state. Accordingly, when the conductive
film 6 is etched, a portion of the conductive film 6 extending
to the recessed portion is removed thus giving rise to a
drawback that a conductive failure occurs between the
source electrode SD2 and the pixel electrode PX.

[0083] On the other hand, in the TFT substrate 1 of the
embodiment 1, when the resist material 7 in a liquid form for
forming the etching resist is applied by printing or coating
to the transparent conductive film 6 made of ITO for forming
the pixel electrode PX, out of the outer periphery AR of the
opening end of the opening portion (through hole) TH1
formed in the second insulation layer PAS2 remote from the
glass substrate SUB, at the portion where the distance from
the surface of the glass substrate SUB changes from d1 to
d2, the resist material 7 in a liquid form can easily enter the
recessed portion formed by the through hole TH1. Accord-
ingly, as shown in FIG. 10, the etching resist can be formed
by development and exposure in a state that the resist
material 7 is filled in the recessed portion formed by the
through hole TH1 and hence, a conductive failure between
the source electrode SD2 and the pixel electrode PX can be
prevented.

[0084] Although the explanation using drawings is omit-
ted, in manufacturing the TFT substrate 1, also when the
orientation film 5 is formed after forming the pixel electrode
PX, a resin material in a liquid form is applied by printing
or coating. Also in this case, when the through hole TH1 has
a shape shown in FIG. 8 and FIG. 9, the printed resin
material in a liquid form hardly enters a recessed portion
formed in a through hole portion thus giving rise to a case
in which a defect is generated in the orientation film 5. On
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the other hand, by forming the orientation film 5 as in the
case of the TFT substrate 1 of the embodiment 1, in the same
manner as the above-mentioned resist material in a liquid
form, out of an outer periphery AR of the through hole TH1
formed in the second insulation layer PAS2 remote from the
glass substrate SUB, at a portion where a distance from the
surface of the glass substrate SUB changes from dl to d2,
the resin material in a liquid form can easily enter the
recessed portion formed in the through hole portion. Accord-
ingly, it is possible to prevent the occurrence of a defect in
the orientation film 5.

[0085] Here, in explaining the technical feature of the TFT
substrate 1 of the embodiment 1, in an example shown in
FIG. 6, between the source electrode SD2 and the first
insulation layer PAS1, the stepped-portion forming layer
MR having the semicircular profile in a plan view is pro-
vided. However, the profile of the stepped-portion forming
layer MR in a plan view is not limited to such a profile and,
it is needless to say that the stepped-portion forming layer
MR may have other shapes.

[0086] The TFT substrate 1 of the embodiment 1 provides
the portion where the distance from the surface of the glass
substrate SUB changes from d1 to d2 during one turn of the
outer periphery AR of the opening end of the opening
portion (through hole) TH1 formed on the second insulation
layer PAS2 remote from the glass substrate SUB and hence,
the printed or coated resist material in a liquid form can
easily enter the recessed portion formed in the through hole
portion.

[0087] That is, an essential point in the TFT substrate 1 of
the embodiment 1 lies in that the outer periphery AR of the
opening end of the opening portion (through hole) TH1
formed on the second insulation layer PAS2 remote from the
glass substrate SUB includes the portion where the distance
from the surface of the glass substrate SUB changes from d1
to d2 during one turn of the outer periphery AR. Provided
that this condition is satisfied, the profile of the stepped-
portion forming layer MR in a plan view may have any
shape.

[0088] FIG. 11 is a schematic plan view for explaining a
first modification of the through hole of the embodiment 1.
FIG. 12 is a schematic cross-section al view taken along a
line F-F' in FIG. 11.

[0089] In forming the portion where the distance from the
surface of the glass substrate SUB changes from d1 to d2 on
the outer periphery AR of the opening end of through hole
TH1 formed in the second insulation layer PAS2 remote
from the glass substrate SUB, for example, as shown in FIG.
11, a rod-like stepped-portion forming layer MR which is
elongated in one direction may be provided. Also in this
case, by allowing the outer periphery AR of the opening end
of the through hole TH1 formed in the second insulation
layer PAS2 remote from the glass substrate SUB to pass
through a region where the stepped-portion forming layer
MR is interposed and a region where the stepped-portion
forming layer MR is not interposed, as shown in FIG. 12, on
the outer periphery AR of the opening end of the through
hole TH1 formed in the second insulation layer PAS2 remote
from the glass substrate SUB, a region in which the distance
from the surface of the glass substrate SUB is d1 and a
region in which the distance from the surface of the glass
substrate SUB is d2 exist. Accordingly, in the same manner
as the example shown in FIG. 6 and FIG. 7, a resist material
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or a resin material in a liquid form can easily enter the
recessed portion formed in the through hole portion.
[0090] FIG. 13 is a schematic plan view for explaining a
second modification of the through hole in the embodiment
L.

[0091] In forming the portion where the distance from the
surface of the glass substrate SUB changes from d1 to d2 on
the outer periphery AR of the opening end of through hole
THI1 formed in the second insulation layer PAS2 remote
from the glass substrate SUB, for example, a cruciform
stepped-portion forming layer MR shown in FIG. 13 may be
provided. Also in this case, by allowing the outer periphery
AR of the opening end of the through hole TH1 formed in
the second insulation layer PAS2 remote from the glass
substrate SUB to pass through a region where the stepped-
portion forming layer MR is interposed and a region where
the stepped-portion forming layer MR is not interposed, the
cross-section al structure taken along a line F-F' in FIG. 13
is configured as shown in FIG. 12. Accordingly, in the same
manner as the example shown in FIG. 6 and FIG. 7, a resist
material or a resin material in a liquid form can easily enter
the recessed portion formed in the through hole portion.
[0092] FIG. 14 is a schematic plan view for explaining a
third modification of the through hole in the embodiment 1.
FIG. 15 is a schematic cross-section al view taken along a
line G-G' in FIG. 14. FIG. 16 is a schematic plan view for
explaining a fourth modification of the through hole in the
embodiment 1.

[0093] In forming the portion where the distance from the
surface of the glass substrate SUB changes from d1 to d2 on
the outer periphery AR of the opening end of through hole
THI1 formed in the second insulation layer PAS2 remote
from the glass substrate SUB, for example, island-like
stepped-portion forming layers MR shown in FIG. 14 may
be provided. Also in this case, by allowing the outer periph-
ery AR of the opening end of the through hole TH1 formed
in the second insulation layer PAS2 remote from the glass
substrate SUB to pass through a region where the stepped-
portion forming layer MR is interposed and a region where
the stepped-portion forming layer MR is not interposed, as
shown in FIG. 15, on the outer periphery AR of the opening
end of the through hole TH1 formed in the second insulation
layer PAS2 remote from the glass substrate SUB, a region in
which the distance from the surface of the glass substrate
SUB is dl and a region in which the distance from the
surface of the glass substrate SUB is d2 exist. Accordingly,
in the same manner as the example shown in FIG. 6 and FIG.
7, a resist material or a resin material in a liquid form can
easily enter the recessed portion formed in the through hole
portion.

[0094] Further, in the modification shown in FIG. 14, the
example in which two island-like stepped-portion forming
layers MR are formed is exemplified. However, it is needless
to say that the present invention is not limited to such an
example and, for example, four island-like stepped-portion
forming layers MR may be provided as shown in FIG. 16.
[0095] FIG. 17 is a schematic cross-section al view for
explaining an application example of the through hole in the
embodiment 1. Here, FIG. 17 is a cross-section al view
corresponding to a cross section taken along a line D-D' in
FIG. 6.

[0096] In the TET substrate of the embodiment 1, to form
the portion where the distance from the surface of the glass
substrate SUB changes from d1 to d2 on the outer periphery
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AR of the opening end of the through hole TH1 formed in
the second insulation layer PAS2 remote from the glass
substrate SUB, for example, as shown in FIG. 7, the stepped-
portion forming layer MR is provided between the source
electrode SD2 and the first insulation layer PAS1. However,
the formation of the stepped-portion forming layer MR is
not limited to such an example and, for example, as shown
in FIG. 17, the stepped-portion forming layer MR may be
provided between the first insulation layer PAS1 and the
glass substrate SUB. In this case, the stepped-portion form-
ing layer MR may be simultaneously formed in a step which
forms the scanning signal lines GL, for example. Further, in
case of the TFT substrate in which one pixel adopts the
constitution shown in FIG. 3 to FIG. 5, for example, there
may be a case that a conductive film (ITO film) for forming
the counter electrodes CT and a conductive film (Al film) for
forming the scanning signal lines G and the like are
collectively formed. In such a case, the stepped-portion
forming layer MR may be constituted by stacking the ITO
film and the Al film.

[0097] Also in this case, by forming the through hole TH1
in the second insulation layer PAS2 such that the outer
periphery AR of the opening end remote from the glass
substrate SUB passes a region where the stepped-portion
forming layer MR is provided and the region where the
stepped-portion forming layer MR is not provided, on the
outer periphery AR of the opening end of the through hole
THI remote from the glass substrate SUB, there exists the
portion in which the distance from the surface of the glass
substrate SUB changes from d1 to d3 exists during one turn
of the outer periphery AR. Accordingly, in the same manner
as the example shown in FIG. 6 and FIG. 7, a resist material
or a resin material in a liquid form can easily enter the
recessed portion formed in the through hole portion.

Embodiment 2

[0098] FIG. 18 and FIG. 19 are schematic views showing
the schematic constitution of an essential part of a liquid
crystal display panel of an embodiment 2 according to the
present invention.

[0099] FIG. 18 is a schematic plan view showing the
schematic constitution of a through hole in the embodiment
2. FIG. 19 is a schematic cross-section al view taken along
a line H-H' in FIG. 18.

[0100] In the embodiment 1, by focusing on the through
hole which connects the source electrode of the TFT element
and the pixel electrode, as the constitution al example to
which the present invention is applied, the case which
provides the stepped-portion forming layer MR is exempli-
fied. Further, by allowing the outer periphery AR of the
opening end of the through hole (opening hole) TH1 formed
in the second insulation layer PAS2 remote from the glass
substrate SUB to pass through the region where the stepped-
portion forming layer MR is provided and the region where
the stepped-portion forming layer MR is not provided, the
portion where the distance from the surface of the glass
substrate SUB changes from d1 to d2 is formed on the outer
periphery AR of the opening end of the through hole TH1
remote from the glass substrate SUB.

[0101] In the embodiment 2, the explanation is made with
respect to a method for providing a portion where a distance
from a surface of a glass substrate SUB changes on an outer
periphery AR of an opening end of a through hole TH1
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remote from the glass substrate SUB from a viewpoint
different from the viewpoint of the embodiment 1.

[0102] As the method for forming the portion where the
distance from a surface of a glass substrate SUB changes
from d1 to d2 on the outer periphery AR of the opening end
of the through hole TH1 remote from the glass substrate
SUB without forming the stepped-portion forming layer
MR, for example, as shown in FIG. 18, there exists a method
which forms a cutout portion UC in a region of a source
electrode SD2 where a pixel electrode PX is overlapped with
the source electrode SD2 in plane.

[0103] Here, the cutout portion UC of the source electrode
SD2 is formed such that the outer periphery AR of the
through hole TH1 formed in the second insulation layer
PAS2 remote from the glass substrate SUB intersects an
outer periphery of the source electrode SD2 at the cutout
portion UC. Due to such a constitution, the outer periphery
AR of the opening end of the through hole TH1 formed in
the second insulation layer PAS2 remote from the glass
substrate SUB passes through a region where the source
electrode SD2 is formed and a region where the source
electrode SD2 is not formed. Accordingly, on the outer
periphery AR of the opening end of the through hole TH1
remote from the glass substrate SUB, the portion where the
distance from the surface of the glass substrate SUB changes
from d1 to d4 exists during one turn of the outer periphery
AR.

[0104] In this manner, by forming the portion where the
distance from the surface of the glass substrate SUB changes
from d1 to d4 on the outer periphery AR of the opening end
of the through hole TH1 remote from the glass substrate
SUB, in the same manner as the case in which the stepped-
portion forming layer MR exemplified in the embodiment 1
is formed, at the portion where the distance from the surface
of the glass substrate SUB changes on the outer periphery
AR of the opening end of the through hole TH1 remote from
the glass substrate SUB, a resist material or a resin material
in a liquid form can easily enter a recessed portion formed
in the through hole portion. Accordingly, it is possible to
prevent a conductive failure between the source electrode
SD2 and the pixel electrode PX and a defect of an orienta-
tion film.

[0105] Here, the cutout portion UC of the source electrode
SD2 may be configured such that the outer periphery AR of
the opening end of the through hole TH1 formed in the
second insulation layer PAS2 remote from the glass sub-
strate SUB intersects an outer periphery of the source
electrode SD2 in the cutout portion UC. Accordingly, it is
needless to say that a shape of the source electrode SD2 in
a plan view is not limited to the shape shown in FIG. 18 and
various shapes are applicable as a planar shape of the source
electrode SD2.

Embodiment 3

[0106] FIG. 20 and FIG. 21 are schematic views showing
the schematic constitution of an essential part of a liquid
crystal display panel of an embodiment 3 according to the
present invention.

[0107] FIG. 20 is a schematic plan view showing the
schematic constitution of a through hole in the embodiment
3. FIG. 21 is a schematic cross-section al view taken along
a line J-T' in FIG. 20.

[0108] In the embodiment 1 and the embodiment 2, as one
example of the through hole formed in the TFT substrate 1
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of the liquid crystal display panel, the through hole TH1
which connects the source electrode SD2 and the pixel
electrode PX is exemplified. However, one pixel adopts the
pixel constitution of the TFT substrate having the constitu-
tion shown in FIG. 3 to FIG. 5, besides the through hole
THI, the through hole TH2 which connects the bridge line
BR and the common signal line CL and the like may be
formed, for example.

[0109] The embodiment 3 focuses on the through hole
TH2 which connects the bridge line BR and the common
signal line CL, and a constitution al example and the manner
of operation and advantageous effects of a liquid crystal
display panel when the present invention is applied to the
liquid crystal display panel of this embodiment 3 is
explained.

[0110] Provided that one pixel of the display region DA
adopts the pixel constitution shown in FIG. 3 to FIG. 5, for
example, when the present invention is applied to a connec-
tion portion between the common signal line CL and the
bridge line BR, the pixel constitution is configured as shown
in FIG. 20 and FIG. 21. Here, in a region where the common
signal line CL and the bridge line BR are overlapped with
each other in plane, between the first insulation layer PAS1
and the second insulation layer PAS2, stepped-portion form-
ing layers MR are partially formed. In the embodiment 3, the
stepped-portion forming layers MR are simultaneously
formed in a step for forming semiconductor layers such as
channel layers SC of TFT elements. Further, the stepped-
portion forming layers MR are exposed to an opening side
surface of the through hole TH2, for example.

[0111] Here, the through hole TH1 is configured such that
an outer periphery AR of an opening end of the through hole
THI1 remote from a glass substrate SUB passes through a
region where the stepped-portion forming layer MR is
formed and a region where the stepped-portion forming
layer MR is not formed. Accordingly, on the outer periphery
AR of the opening end of the through hole TH2 remote from
the glass substrate SUB, a portion where a distance from the
surface of the glass substrate SUB changes from dS to d6
exists during one turn of the outer periphery AR.

[0112] In this manner, by forming the portion where the
distance from the surface of the glass substrate SUB changes
from d5 to d6 on the outer periphery AR of the opening end
of the through hole TH2 remote from the glass substrate
SUB, in the same manner as the case in which the stepped-
portion forming layer MR exemplified in the embodiment 1
is formed, at the portion where the distance from the surface
of the glass substrate SUB changes on the outer periphery
AR of the opening end of the through hole TH2 remote from
the glass substrate SUB, a resist material or a resin material
in a liquid form can easily enter a recessed portion formed
in the through hole portion. Accordingly, it is possible to
prevent a conductive failure between the common signal line
CL and the bridge line BR and a defect of an orientation film.
[0113] FIG. 22 and FIG. 23 are schematic views for
explaining a manufacturing method of the through hole of
the embodiment 3. FIG. 22 is a schematic plan view showing
a state of the glass substrate immediately before forming the
through hole. FIG. 23 is a schematic cross-section al view
taken along a line K-K' in FIG. 22.

[0114] In manufacturing the TFT substrate having the
through hole TH2 of the constitution shown in the embodi-
ment 3, a method and steps equal to convention al methods
and steps may be adopted up to a step for forming the first
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insulation layer PAS1. Then, in forming the semiconductor
layer such as the channel layer SC of the TFT element on the
first insulation layer PAS1, for example, as shown in FIG. 22
and FIG. 23, the rod-like stepped-portion forming layer MR
which is longer than a hole diameter of the outer periphery
AR of the opening end of the through hole TH2 remote from
the glass substrate SUB formed in a later step is simulta-
neously formed. Thereafter, the second insulation layer
PAS2 is formed in the same manner as the convention al
method. As a result, on the second insulation layer PAS2, as
shown in FIG. 23, a stepped portion is formed in a boundary
between the region where the stepped-portion forming layer
MR is formed and the region where the stepped-portion
forming layer MR is not formed.

[0115] Then, by forming the through hole TH2 in a state
shown in FIG. 23, the stepped-portion forming layer MR
disposed inside the outer periphery AR of the opening end
of the through hole TH2 remote from the glass substrate
SUB is removed, and the stepped-portion forming layer MR
remaining outside the outer periphery AR of the opening end
is exposed to the side surface of the through hole TH2.
Thereafter, by forming the pixel electrode PX and the bridge
line BR in the same manner as the convention al method, as
shown in FIG. 21, it is possible to form the portion where the
distance from the surface of the glass substrate SUB changes
from d5 to d6 on the outer periphery AR of the opening end
of the through hole TH2 remote from the glass substrate
SUB.

[0116] FIG. 24 is a schematic plan view for explaining a
modification of the stepped-portion forming layer MR.
[0117] In manufacturing the TFT substrate 1 of the
embodiment 3, due to the presence of the semiconductor
layer, when the rod-like stepped-portion forming layer MR
is formed as shown in FIG. 22, for example, after the
formation of the through hole TH2, the stepped-portion
forming layer MR remains in two regions of the outer
periphery AR of the opening end of the through hole TH2
remote from the glass substrate SUB. However, it is needless
to say that in forming the stepped-portion forming layer MR
by the method used in the embodiment 3, a profile in a plan
view of the stepped-portion forming layer MR formed by the
semiconductor layer is not limited to the rod-shape and, for
example, the profile may be formed in a cruciform as shown
in FIG. 24. In this case, when the through hole TH2 is
formed, the stepped-portion forming layers MR remain in
four region on the outer periphery AR of the opening end of
the through hole TH2 remote from the glass substrate SUB.
[0118] Here, although the explanation using drawings is
omitted, by forming the through hole TH3 formed in the
connecting portion of the bridge line BR and the common
connection pad CP shown in FIG. 3 into a shape (constitu-
tion) shown in FIG. 20 and FIG. 21, it is possible to prevent
a conductive failure between the common connection pad
CP and the bridge line BR and a defect of an orientation film.

Embodiment 4

[0119] FIG. 25 and FIG. 26 are schematic views showing
the schematic constitution of an essential part of a liquid
crystal display panel of an embodiment 4 according to the
present invention. FIG. 25 is a schematic plan view showing
the schematic constitution of the through hole in the embodi-
ment 4. FIG. 26 is a schematic cross-section al view taken
along a line L-I' in FIG. 25.
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[0120] 1In the embodiment 3, by focusing on the through
hole TH2 which connects the common signal line CL and the
bridge line BR, as the constitution al example to which the
present invention is applied, the case which provides the
stepped-portion forming layer MR is exemplified. Further,
by allowing the outer periphery AR of the opening end of the
through hole TH2 remote from the glass substrate SUB to
pass through the region where the stepped-portion forming
layer MR is provided and the region where the stepped-
portion forming layer MR is not provided, the portion where
the distance from the surface of the glass substrate SUB
changes from d5 to d6 is formed on the outer periphery AR
of the opening end of the through hole TH2 remote from the
glass substrate SUB.

[0121] In the embodiment 4, the explanation is made with
respect to a method which forms a portion where a distance
from a surface of a glass substrate SUB changes on an outer
periphery AR of an opening end of a through hole TH2
remote from the glass substrate SUB from a viewpoint
different from the viewpoint of the embodiment 3.

[0122] As the method for forming the portion where the
distance from the surface of the glass substrate SUB changes
on the outer periphery AR of the opening end of the through
hole TH2 remote from the glass substrate SUB without
forming the stepped-portion forming layer MR, for example,
as shown in FIG. 25, there exists a method which forms a
cutout portion UC in a region of a common signal line CL
where a bridge line BR is overlapped with the common
signal line CL.

[0123] Here, the cutout portion UC of the common signal
line CL is formed such that the outer periphery AR of the
through hole TH2 remote from the glass substrate SUB
intersects an outer periphery of the common signal line CL
at the cutout portion UC. Due to such a constitution, the
outer periphery AR of the opening end of the through hole
TH2 formed in the first insulation layer PAS1 and the second
insulation layer PAS2 remote from the glass substrate SUB
passes through a region where the common signal line CL is
formed and a region where the common signal line CL is not
formed. Accordingly, on the outer periphery AR of the
opening end of the through hole TH2 remote from the glass
substrate SUB, as shown in FIG. 26, the portion where the
distance from the surface of the glass substrate SUB changes
from d6 to d7 exists during one turn of the outer periphery
AR.

[0124] In this manner, by forming the portion where the
distance from the surface of the glass substrate SUB changes
from d6 to d7 on the outer periphery AR of the opening end
of the through hole TH2 remote from the glass substrate
SUB, in the same manner as the case in which the stepped-
portion forming layer MR exemplified in the embodiment 3
is formed, at the portion where the distance from the surface
of the glass substrate SUB changes on the outer periphery
AR of the opening end of the through hole TH2 remote from
the glass substrate SUB, a resist material or a resin material
in a liquid form can easily enter a recessed portion formed
in the through hole portion. Accordingly, it is possible to
prevent a conductive failure between the common signal line
CL and the bridge line BR and a defect of an orientation film.
[0125] Here, the cutout portion UC of the common signal
line CL may be configured such that the outer periphery AR
of the opening end of the through hole TH2 remote from the
glass substrate SUB intersects an outer periphery of the
common signal line CL in the cutout portion UC. Accord-



US 2007/0279564 A1l

ingly, it is needless to say that a shape of the cutout portion
UC in a plan view is not limited to the shape shown in FIG.
25 and various shapes are applicable as a planar shape of the
cutout portion UC.

[0126] FIG. 27 is a schematic plan view for explaining a
first modification of the through hole in the embodiment 4.
FIG. 28 is a cross-section al view taken along a line M-M'
in FIG. 29. FIG. 30 is a schematic plan view for explaining
a second modification of the through hole in the embodiment
4.

[0127] The TFT substrate 1 of the embodiment 4 is
configured such that one pixel adopts the constitution shown
in FIG. 3 to FIG. 5. Here, there may be a case that counter
electrodes CT, scanning signal lines GL, common signal
lines CL and common connection pads CP which are formed
on the surface of the glass substrate SUB are collectively
formed. In this case, on the surface of the glass substrate
SUB, for example, an ITO film for forming the counter
electrode CT and conductive films such as an aluminum film
for forming the scanning signal lines GL are stacked and,
thereafter, the conductive film is etched to form the scanning
signal lines GL and the like. Subsequently, the ITO film is
etched to form the counter electrode CT. Accordingly, with
respect to the scanning signal lines GL or the common signal
lines CL, there may be a case that the ITO film remains
below the conductive film such as the aluminum film. That
is, there may be a case that the ITO film remains between the
conductive film and the glass substrate SUB.

[0128] In steps for forming the TFT substrate 1 in the
embodiment 4, in forming the cutout portion UC in the
common signal line CL, for example, the conductive film
formed of an aluminum film and the ITO film may be
removed. However, as shown in FIG. 27 and FIG. 28, it is
preferable to form the cutout portion UC by removing the
conductive film formed of an aluminum film, while leaving
an ITO film 8. Due to such a constitution, when the through
hole TH2 is formed in the first insulation layer PAS1 and the
second insulation layer PAS2, the remaining ITO film 8
functions as a protective film thus prevent ing the glass
substrate SUB from being shaved off.

[0129] Further, in forming the cutout portion UC in the
common signal line CL, for example, as shown in FIG. 29,
it is desirable to form the cutout portion UC such that the
cutout portion UC divides the through hole TH2 in two.
[0130] Here, the cutout portion UC of the common signal
line CL may be configured such that the outer petiphery AR
of the opening end of the through hole TH2 remote from the
glass substrate SUB intersects the outer periphery of the
common signal line CL in the cutout portion UC. Accord-
ingly, it is needless to say that a shape of the cutout portion
UC in a plan view is not limited to the shape shown in FIG.
29 and FIG. 31 and various shapes are applicable as a planar
shape of the cutout portion UC.

[0131] Further, although the explanation using drawings is
omitted, by forming the through hole TH3 which connects
the bridge line BR and the common connection pad CP into
a shape (constitution) shown in FIG. 27 and FIG. 28, it is
possible to prevent a conductive failure between the com-
mon signal line CL and the bridge line BR and a defect of
an orientation film.

Embodiment 5

[0132] FIG. 30 and FIG. 31 are schematic views showing
the schematic constitution of an essential part of a liquid
crystal display panel of an embodiment 5 according to the
present invention.
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[0133] FIG. 30 is a schematic plan view showing the
schematic constitution of the through hole in the embodi-
ment 5. FIG. 31 is a schematic cross-section al view taken
along a line N-N' in FIG. 30.

[0134] The embodiment 1 to the embodiment 4 focus on
the through hole formed in the pixel region of the display
region DA of the liquid crystal display panel (TFT substrate
1), and the constitution al example to which the present
invention is applied is explained.

[0135] However, there may be a case in which the through
hole is formed outside the display region DA on the TFT
substrate 1. In the embodiment 5, a constitution al example
in which the present invention is applied to the through hole
formed outside the display region DA is explained.

[0136] In the case in which the TFT substrate 1 adopts the
constitution shown in FIG. 3 to FIG. 5, for example, as
shown in FIG. 30 and FIG. 31, the common bus line 9 which
electrically connects the plurality of common signal lines CL
1s provided outside the display region DA, and the common
bus line 9 and the respective common signal lines CL are
connected with each other via the through holes TH4, TH5
using the common line 10.

[0137] Here, the common bus lines 9 are, for example,
formed simultaneously in a step in which the video signal
lines DL or the like are formed. Further, the common lines
10 are formed simultaneously in the step in which the pixel
electrodes PX are formed.

[0138] Further, in a region where the through hole TH4
which connects the common bus line 9 and the common line
10 with each other is formed, the stepped-portion forming
layer MR explained in the embodiment 1 is formed, and the
outer periphery of the opening end of through hole TH4
remote from the glass substrate SUB passes through the
region where the stepped-portion forming layer MR is
interposed and the region where the stepped-portion forming
layer MR is not interposed during one turn of the outer
periphery. Here, the stepped-portion forming layers MR are
simultaneously formed in a step in which the semiconductor
layers such as channel layers SC of the TFT elements are
formed. Due to such a constitution, at a portion where a
distance from the surface of the glass substrate SUB changes
formed on the outer periphery of the opening end of the
through hole TH4 remote from the glass substrate SUB, the
resist material or the resin material in a liquid form can
easily enter the recessed portion formed in the through hole
portion. Accordingly, it is possible to prevent a conductive
failure between the common bus line 9 and the common line
10 and a defect of an orientation film.

[0139] Further, in a region where the through hole TH5
which connects the common signal line CL and the common
line 10 with each other is formed, as explained in the
embodiment 4, the cutout portion UC is formed in the
common signal line CL, and the outer periphery of the
opening end of through hole TH5 remote from the glass
substrate SUB passes through a region where the common
signal line CL is interposed and a region where the common
signal line CL is not interposed during one turn of the outer
periphery. Due to such a constitution, at a portion where a
distance from the surface of the glass substrate SUB changes
formed on the outer periphery of the opening end of the
through hole THS remote from the glass substrate SUB, the
resist material or the resin material in a liquid form can
easily enter the recessed portion formed in the through hole
portion. Accordingly, it is possible to prevent a conductive
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failure between the common signal line CL and the common
line 10 and a defect of an orientation film.

[0140] Here, in the region where the through hole THS
which connects the common signal line CL and the common
line 10 with each other is formed, for example, as shown in
FIG. 31, it is desirable that the ITO film 8 is interposed
between the common signal line CL and the glass substrate
SUB and the cutout portion UC of the common signal line
CL is formed of only the conductive film which is used for
forming the scanning signal line GL and the like. Due to
such a constitution, when the through hole TH5 is formed in
the first insulation layer PAS1 and the second insulation
layer PAS2, the remaining ITO film 8 functions as a pro-
tective film thus prevent ing the glass substrate SUB from
being shaved off in the cutout portion UC.

[0141] FIG. 32 is a schematic cross-section al view for
explaining a modification of the through hole in the embodi-
ment 5. Here, FIG. 32 is a cross-section al view correspond-
ing to a cross section taken along a line N-N' in FIG. 30.
[0142] In the region where the through hole TH5 which
connects the common signal line CL and the common line
10 with each other is formed on the TFT substrate 1 of the
embodiment 5, for example, as shown in FIG. 31, it is
desirable that the ITO film 8 is interposed between the
common signal line CL and the glass substrate SUB. How-
ever, it is needless to say that the present invention is not
limited to such a constitution and, for example, as shown in
FIG. 32, the ITO film 8 may not be interposed between the
common signal line CL and the glass substrate SUB.
[0143] Further, in the embodiment 5, the TFT substrate 1
in which one pixel of the display region DA adopts the
constitution shown in FIG. 3 to FIG. § is exemplified.
However, also with respect to a substrate TFT in which one
pixel of the display region DA adopts the constitution other
than the above-mentioned constitution, holding capacitive
lines may be arranged in parallel to the respective scanning
signal lines GL and, the respective holding capacitive lines
may be connected with each other using the common line 10
outside the display region DA. In this case, the common
electrode CT is formed on another layer or on the counter
substrate and hence, the TFT substrate may be, as shown in
FIG. 32, configured such that the ITO film 8 is not inter-
posed between the holding capacitive line and the glass
substrate SUB.

[0144] Here, in the embodiment 5, in a region where the
through hole TH4 which connects the common bus line 9
and the common line 10 with each other is formed, the
stepped-portion forming layer MR which is constituted of
the semiconductor layer and is simultaneously formed with
the semiconductor layer such as the channel layer SC of the
TFT element is formed. However, it is needless to say that
the stepped-portion forming layer MR is not limited to such
a constitution, and the stepped-portion forming layer MR
may be simultaneously formed with the scanning signal
lines GL. Further, it is needless to say that instead of forming
the stepped-portion forming layer MR, the cutout portion
UC may be formed in the common bus line 9, for example.
[0145] Further, also with respect to the region where the
through hole THS which connects the common signal line
CL and the common line 10 with each other is formed, it is
needless to say that instead of forming the cutout portion
UC, for example, the stepped-portion forming layer MR
such as the channel layer SC of the TFT element explained
in conjunction with the embodiment 3 which is constituted

Dec. 6, 2007

of the semiconductor layer and is simultaneously formed
with the semiconductor layer may be formed.

[0146] Although the present invention has been specifi-
cally explained in conjunction with the embodiment here-
tofore, it is needless to say that the present invention is not
limited to the above-mentioned embodiment and various
modifications are conceivable without departing from the
gist of the present invention.

[0147] For example, in the embodiment 1 to the embodi-
ment 5, the case in which one pixel adopts the constitution
shown in FIG. 3 to FIG. 5 has been explained. However, it
is needless to say that the present invention is not limited to
such a constitution, and the present invention is applicable
to a through hole which connects two conductive layers on
a TFT substrate having the convention ally known various
constitutions.

[0148] Further, the embodiment 1 to the embodiment 5
have been explained by taking the TFT substrate used in the
liquid crystal display panel as an example. However, the
present invention is not limited to such an example, and it is
needless to say that the present invention is applicable to a
through hole which connects two conductive layers in a
display panel including a substrate which has the substan-
tially equal constitution as the TFT substrate used in the
liquid crystal display panel. That is, the present invention is
not limited to the liquid crystal display panel, and is also
applicable to a self-luminescent type display panel using a
PDP (Plasma Display Panel) or an organic EL (Electro
Luminescence) display panel, for example.

What is claimed is:

1. A display device comprising:

a pair of substrates which is formed of a transparent
member;

a first conductive layer which is formed on one of the
substrates;

a second conductive layer which is formed on a liquid
crystal side of the first conductive layer by way of an
intermediate layer which includes at least one insula-
tion layer; and

an opening portion formed in the intermediate layer,
wherein

out of opening ends of the opening portion, an outer
periphery of the opening end on the liquid crystal side
has a distance thereof from the substrate changed one
time or more during one turn of the outer periphery.

2. A display device according to claim 1, wherein the first

conductive layer and the second conductive layer are elec-
trically connected with each other via the opening portion.

3. A display device comprising:

a pair of substrates which is formed of a transparent
member;

a first conductive layer which is formed on one of the
substrates;

a second conductive layer which is formed on a liquid
crystal side of the first conductive layer by way of an
intermediate layer which includes at least one insula-
tion layer; and

an opening portion formed in the intermediate layer such
that the second conductive layer is exposed, wherein

the first conductive layer is formed to cover the opening
portion, and

an opening end of the opening portion is formed such that
a distance between the opening end on another sub-
strate side and the substrate is set at least in two modes.
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4. A display device according to claim 3, wherein an outer
periphery of the opening end on another substrate side
passes through a region where a semiconductor layer is
interposed between the opening end and the substrate and a
region where a semiconductor layer is not interposed
between the opening end and the substrate.

5. A display device according to claim 4, wherein the
semiconductor layer is interposed between the second con-
ductive layer and the substrate.

6. A display device according to claim 4, wherein the
intermediate layer includes two insulation films, and the
semiconductor layer is interposed between two insulation
layers.

7. A display device comprising:

a pair of substrates which is adhered to each other by way

of liquid crystal,

a first conductive layer which is formed on one of the
substrates;

a second conductive layer which is formed on a liquid
crystal side of the first conductive layer by way of an
intermediate layer which includes at least one insula-
tion layer, and

an opening portion formed in the intermediate layer such
that the second conductive layer is exposed, wherein

the first conductive layer is formed to be electrically
connected with the second conductive layer by way of
the opening portion, and

a stepped-portion forming layer is formed on a portion
between an opening end of the opening portion and the
substrate.

8. A display device according to claim 7, wherein the
stepped-portion forming layer is formed between the second
conductive layer and the substrate.

9. A display device according to claim 8, wherein the
stepped-portion forming layer is formed in a semicircular
shape and a portion of the stepped-portion forming layer is
overlapped with a portion of the opening end.

10. A display device according to claim 8, wherein the
stepped-portion forming layer i1s formed in a rectangular
shape and a portion of the stepped-portion forming layer is
overlapped with a portion of the opening end.

11. A display device according to claim 8, wherein the
stepped-portion forming layer is formed in a cruciform
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shape and a portion of the stepped-portion forming layer is
overlapped with a portion of the opening end.

12. A display device according to claim 8, wherein the
stepped-portion forming layer is formed in a rectangular
shape and a plurality of stepped-portion forming layers are
arranged at positions where the stepped-portion forming
layers are overlapped with the opening end.

13. A display device according to claim 7, wherein the
intermediate layer is constituted of two insulation layers and
the stepped-portion forming layer is interposed between the
insulation layers and is formed at a position where the
stepped-portion forming layer is brought into contact with a
portion of the opening portion.

14. A display device according to claim 13, wherein a
plurality of stepped-portion forming layers are formed in a
periphery of the opening portion.

15. A display device comprising:

a pair of substrates which is adhered to each other by way

of liquid crystal,

a first conductive layer which is formed on one of the
substrates;

a second conductive layer which is formed on a liquid
crystal side of the first conductive layer by way of an
intermediate layer which includes at least one insula-
tion layer, and

an opening portion formed in the intermediate layer such
that the second conductive layer is exposed, wherein

the first conductive layer is formed to be electrically
connected with the second conductive layer by way of
the opening portion, and

a cutout portion is formed in the second conductive layer
at a position where the second conductive layer is
overlapped with the opening portion.

16. A display device according to claim 13, wherein the
first conductive layer is connected with a switching element
and the second conductive layer is a pixel electrode.

17. A display device according to claim 13, wherein the
second conductive layer is a counter electrode, and the first
conductive layer is a common line which is connected to a
common signal line which supplies an electric signal to the
counter electrode.
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