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(57) ABSTRACT

An embodiment of the present invention provides a liquid
crystal display panel which allows for the area of a wiring
diverting region to be reduced. A liquid crystal display panel
1 includes: a substrate (100) having a displaying region (30)
and a non-displaying region (10); a plurality of first wires
provided in a first layer; a plurality of second wires which
are provided in a second layer differing from the first layer;
a plurality of touch panel lines (60) which are provided in a
third layer differing from both the first and second layers; a
plurality of touch panel electrodes (70) each of which is
connected to a respective one of the plurality of touch panel
lines (60); and a sensing section (80) which is provided at a
first end of the substrate (100) and connected to the plurality
of touch panel lines (60), out of those of the plurality of
touch panel lines (60) connected to those of the plurality of
touch panel electrodes (70) located farther away from the
sensing section (80) than is the non-displaying region (10),
at least one touch panel line (60) being provided so as to run
from the sensing section (80) to a second end of the substrate
(100) and, at the second end, turn back toward the plurality
of touch panel electrodes (70).
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LIQUID CRYSTAL DISPLAY PANEL

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119 on Patent Application No. 2018-
049509 filed in Japan on Mar. 16, 2018, the entire contents
of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal
display panel.

BACKGROUND ART

[0003] Conventionally, there are cases in which a liquid
crystal display panel having a built-in touch sensing function
has an opening formed in its substrate. In such cases, yield
rates decrease due to issues such as disconnections and short
circuits. Conversely, securing a high yield rate involves
decreasing the size of a displaying region of the substrate.
[0004] This reason for this is as follows. Wiring cannot be
provided in the opening because the substrate does not exist
in the opening. It is therefore necessary to provide, periph-
erally to the opening, a wiring diverting region for diverting
wiring such as gate lines, data lines, and touch panel lines
(TP lines). A sealing material for sealing the liquid crystals
must also be provided in the wiring diverting region, and
thus the wiring diverting region must have a certain width.
However, it is preferable to keep the width of the wiring
diverting region small so as to avoid a decrease in the size
of the displaying region. As such, the various wires are
provided densely in the wiring diverting region. This
requires decreasing the width of the wires themselves and/or
the spacing between the wires. Such a configuration is
therefore prone to disconnections and short circuits.
[0005] Patent Literature 1, for example, discloses a display
device which makes it possible to provide an adequate
display area by (i) gathering, in the periphery of a through
hole, low-voltage power supply lines and high-voltage
power supply lines connected to a pixel driving circuit, so as
to reduce the space for providing these power supply lines
and (ii) in a region where scanning lines cross with these
power supply lines in a planar view, provide the scanning
lines in a separate layer above an insulating layer.

CITATION LIST

Patent Literature

[0006] [Patent Literature 1]
[0007] Japanese Patent Application Publication, Tokukai,
No. 2008-257191 (Publication Date: Oct. 23, 2008)

SUMMARY OF INVENTION

Technical Problem

[0008] Unfortunately, in a configuration having touch
panel lines, using the techniques disclosed in Patent Litera-
ture 1 as-is so that certain wires are merely provided in
separate layers would be not be sufficient to reduce the area
of a wiring diverting region while also avoiding a decreased
yield rate.

[0009] The present invention has been made in view of the
above problem. An object of the present invention is to
provide a liquid crystal display panel which allows for the
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area of a wiring diverting region to be reduced in a con-
figuration including touch panel lines.

Solution to Problem

[0010] Inorder to solve the above problem, a liquid crystal
display panel in accordance with an aspect of the present
invention includes: a substrate having a displaying region
and a non-displaying region; a plurality of first wires pro-
vided in a first layer; a plurality of second wires which are
provided in a second layer differing from the first layer in a
manner so as to run crosswise with respect to the plurality
of first wires; a plurality of touch panel lines which are
provided in a third layer differing from both the first and
second layers; a plurality of touch panel electrodes each of
which is connected to a respective one of the plurality of
touch panel lines; and a sensing section which is provided at
a first end of the substrate and connected to the plurality of
touch panel lines, out of those of the plurality of touch panel
lines connected to those of the plurality of touch panel
electrodes located farther away from the sensing section
than is the non-displaying region, at least one touch panel
line being provided so as to run from the sensing section to
a second end of the substrate and, at the second end, turn
back toward the plurality of touch panel electrodes.

Advantageous Effects of Invention

[0011] An aspect of the present invention makes it pos-
sible to provide a liquid crystal display panel which allows
for the area of a wiring diverting region to be reduced in a
configuration including touch panel lines.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a diagram illustrating an overall configu-
ration of a liquid crystal display panel in accordance with
Embodiment 1 of the present invention.

[0013] (a) of FIG. 2 is an enlarged view of section A of
FIG. 1. (b) of FIG. 2 is a cross-sectional view of a connec-
tion section shown in (a) of FIG. 2.

[0014] (a) of FIG. 3 is a plan view of one unit pixel
included in the liquid crystal display panel of FIG. 1. (b) of
FIG. 3 is a cross-sectional view taken along line X-X' of (a)
of FIG. 3. (¢) of FIG. 3 is a cross-sectional view taken along
line Y-Y' of (a) of FIG. 3.

[0015] FIG. 4 illustrates Variation 1 of the liquid crystal
display panel in accordance with Fmbodiment 1. FIG. 4
shows a view corresponding to (a) of FIG. 2.

[0016] FIG. 5 illustrates Variation 2 of the liquid crystal
display panel in accordance with Embodiment 1. FIG. §
shows a view corresponding to (a) of FIG. 2.

[0017] FIG. 6 is a diagram for explaining a pixel layout.
(a) of FIG. 6 illustrates a vertical pixel layout, whereas (b)
of FIG. 6 illustrates a horizontal pixel layout.

[0018] FIG. 7 is a diagram illustrating an overall configu-
ration of a liquid crystal display panel in accordance with
Embodiment 2 of the present invention.

[0019] FIG. 8 is a diagram illustrating an overall configu-
ration of a liquid crystal display panel in accordance with
Embodiment 3 of the present invention.
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DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0020] The following description will discuss Embodi-
ment 1 of the present invention, with reference to FIGS. 1 to
6.

[0021] (Overall Configuration of Liquid Crystal Display
Panel)

[0022] The following description will discuss, with refer-
ence to FIG. 1, an overall configuration of a liquid crystal
display panel in accordance with Embodiment 1. FIG. 1 is
a diagram illustrating an overall configuration of a liquid
crystal display panel 1 in accordance with Embodiment 1.
As illustrated in FIG. 1, the liquid crystal display panel 1
includes a substrate (array substrate) 100 such as a glass
substrate, an opposing substrate provided so as to oppose the
substrate 100 with a predetermined distance therebetween,
and a liquid crystal layer sealed between the substrate 100
and the opposing substrate. The liquid crystal display panel
1 has a displaying region 30 and a non-displaying region 10.
FIG. 1 illustrates an example configuration in which (i) the
liquid crystal display panel 1 is substantially circular in
contour (only a sensing section being rectilinear in contour)
and (ii) the non-displaying region 10 is also circular and is
in a substantially central portion of the liquid crystal display
panel 1. The displaying region 30 surrounds the non-dis-
playing region 10. The substrate 100 has a substantially
circular cutout section which overlaps with all of, or at least
part of, the non-displaying region 10. The reference sign 80
in FIG. 1 indicates a sensing section provided at, for
example, a first end of the substrate 100 (for example, a
lower end as illustrated in FIG. 1). The sensing section 80
detects a touch position at which a user has touched the
liquid crystal panel, based on a change in electric potential
in a plurality of touch panel electrodes (described later).
Note that the sensing section 80 may be included in a source
driving section which provides a data signal to source lines
40 (described later).

[0023] The reference sign 20 indicates a wiring diverting
region located peripherally to the non-displaying region 10.
The reference sign 40 indicates data lines (also called
“source lines”). The reference sign 50 indicates gate lines
(also called scanning lines). The reference sign 7 indicates
a gate driving section which provides a scan signal to the
gate lines 50.

[0024] The reference sign 60 indicates touch panel lines,
and the reference sign 70 indicates touch panel electrodes
(also called common electrodes) connected to respective
ones of the touch panel lines 60. The gate lines 50 are
provided in a layer differing from a layer in which the data
lines 40 are provided. The gate lines 50 run crosswise with
respect to the data lines 40. The touch panel lines 60 are
provided in a layer differing from both (i) the layer in which
the data lines 40 are provided and (ii) the layer in which the
gate lines 50 are provided.

[0025] Note that although the presently discussed example
involves a configuration in which the substrate 100 includes
a cutout section in the non-displaying region 10, it is not
essential for the substrate 100 to have such a cutout section.
For example, even in a configuration where the substrate 100
is present in the non-displaying region 10, the transmittance
of the non-displaying region 10 can be improved by pro-
viding the wiring diverting region peripherally to the non-
displaying region 10, such that no wiring is present in the
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non-displaying region 10. Such a configuration is suitable
for a game machine in which, for example, a backlight is not
provided behind the non-displaying region 10, and instead,
a drum (reel) for a slot machine is provided.

[0026] The embodiments of the present invention as dis-
cussed herein assume, as a basic configuration, a so-called
“full in-cell touch panel” configuration, in which touch
panel electrodes and other such basic components of touch
sensors are integrated on the substrate.

[0027] A common electrode is also provided on the sub-
strate, the common electrode being a shared electrode paired
with pixel electrodes of each pixel included in the liquid
crystal display panel. The liquid crystal layer is provided
between the pixel electrodes and the common electrode. The
common electrode is divided into a plurality of rectangular
electrodes (which, in the vicinity of the non-displaying
region, may also have a non-rectangular shape) whose sides
are, for example, approximately 2 mm to 6 mm in length.
Each of these rectangular electrodes is connected to at least
one respective touch panel line so as to function as a touch
panel electrode (also called “TP electrode”).

[0028] A period in which the plurality of touch panel
electrodes function as touch sensors (a sensing period)
differs from a period in which an image signal is written in
each pixel (writing period). In the writing period, the plu-
rality of touch panel electrodes are caused to have the same
constant potential.

[0029] The present configuration assumes that oxide semi-
conductor thin film transistors are used as switching ele-
ments for each pixel. This is because the present configu-
ration assumes the use of an in-cell touch panel, which has
a high sensor precision (high ratio of sensing period time to
writing period time), and an oxide semiconductor thin film
transistor is suitable as a switching element for a case where
the charge time of each pixel is short. However, in accor-
dance with such factors as screen size, resolution, and sensor
precision, it is possible to use an a-Si thin film transistor, a
p-Si thin film transistor, or the like.

[0030] As illustrated in FIG. 1, the liquid crystal display
panel 1 includes a plurality of data lines 40, a plurality of
gate lines 50, and a plurality of touch panel lines 60. In
Embodiment 1, the touch panel electrodes 70 are provided
so as to be in 1-to-1 correspondence with the touch panel
lines 60.

[0031] One of the plurality of touch panel lines 60 which
is connected to one of the touch panel electrodes located
farther away from the sensing section 80 than is the non-
displaying region 10 (for example, one of the touch panel
electrodes 70 which is adjacent to the non-displaying region
10 in FIG. 1), is provided so as to run from the sensing
section 80 to a second end of the substrate 100 (for example,
an upper end as illustrated in FIG. 1) and, at the second end,
turn back towards the touch panel electrodes 70.

[0032] In Embodiment 1, each of the touch panel elec-
trodes 70 is larger in size than each of the pixels. As such,
the number of touch panel lines 60 required for the sensing
section 80 to carry out sensing is, generally, less than the
number of data lines 40. As will be described later, in
Embodiment 1, the touch panel lines 60 are provided so as
to be parallel to respective ones of the data lines 40 (in a
layer above the data lines 40).

[0033] As such, in a configuration similar to conventional
art, in which the touch panel lines 60 are not routed so as to
first run in one direction and the turn back, there are data
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lines 40 along which no corresponding touch panel line is
present (i.e., data lines for which no touch panel line 60 is
present in layer thereabove). In the present specification, for
convenience, such a data line is referred to as a “surplus data
line”.

[0034] In Embodiment 1, providing touch panel lines 60
so as to be parallel to respective ones of the surplus data lines
(specifically, in a layer above the surplus data lines), after
first running in one direction and then turning back as
described above, makes it possible to suitably route the
touch panel lines through wiring regions which would not be
utilized in conventional art.

[0035] (a) of FIG. 2 is an enlarged view of section A of
FIG. 1. (b) of FIG. 2 is a cross-sectional view of a connec-
tion section 65 shown in (a) of FIG. 2. The term “connection
section 65” (described later in detail) refers to a section at
which one of the data lines 40 is connected to a touch panel
line layer 60. As illustrated in (b) of FIG. 2, the liquid crystal
display panel 1 includes a plurality of layers stacked upon
each other. In (b) of FIG. 2, a gate line layer is not shown,
but it can be seen that the liquid crystal display panel 1
includes the substrate 100, a gate insulating film 50q, a data
line layer 40, a first insulating film 51, the touch panel line
layer 60, and a second insulating film 71, in this order.
[0036] Note that in the present specification, the term
“data line layer” can be used in a broad sense to refer to a
layer in which data lines are provided, and in a narrower
sense to refer to a data line itself which is provided in such
a layer. The same applies to the other “line layers”.

[0037] Thus, as described above, a liquid crystal display
panel 1 of Embodiment 1 includes the substrate 100 having
the displaying region 30 and the non-displaying region 10,
a plurality of first wires (in Embodiment 1, this refers to the
data lines 40) provided in a first layer; a plurality of second
wires (in Embodiment 1, this refers to the gate lines 50)
which are provided in a second layer differing from the first
layer in a manner so as to run crosswise with respect to the
plurality of first wires 40; the plurality of touch panel lines
60 which are provided in a third layer differing from both the
first and second layers; a plurality of touch panel electrodes
70 each of which is connected to a respective one of the
plurality of touch panel lines 60; and a sensing section 80
which is provided at a first end of the substrate 100 and
connected to the plurality of touch panel lines 60, out of
those of the plurality of touch panel lines 60 connected to
those of the plurality of touch panel electrodes 70 located
farther away from the sensing section 80 than is the non-
displaying region 10, at least one touch panel line 60 being
provided so as to run from the sensing section 80 to a second
end of the substrate 100 and, at the second end, turn back
toward the plurality of touch panel electrodes 70.

[0038] In a configuration having touch panel lines 60, the
above configuration obviates the need to provide the touch
panel lines 60 in the wiring diverting region 20 and therefore
makes it possible to provide a liquid crystal display panel 1
in which the area of the wiring diverting region 20 is
reduced.

[0039] With reference to FIG. 2, the following description
will discuss in detail a configuration of the liquid crystal
display panel 1. As described above, (a) of FIG. 2 is an
enlarged view of section A of FIG. 1, and (b) of FIG. 2 is a
cross-sectional view of the connection section 65 shown in
(a) of FIG. 2. In the example illustrated in FIG. 2, data lines
405, 40(s+1), 40(s+2), 40(s+3), etc. constitute the plurality

Sep. 19,2019

of first wires 40. Similarly, gate lines 50g, 50(g+1), etc.
constitute the plurality of second wires 50. Each of the
plurality of touch panel electrodes 70 (in the example of (a)
of FIG. 2, the 12 electrodes having various shapes) is
connected to a respective one of the touch panel lines.

[0040] Note here that the letter “‘s” as used in the reference
signs for the data lines 40s, 40(s+1), 40(s+2), 40(s+3), etc.
represents “source” and serves as an index for differentiating
between differing data lines. The index “s” is an integer of
not less than 0. The letter “g” as used in the reference signs
for the gate lines 50g, 50(g+1), etc. represents “gate” and
serves as an index for differentiating between differing gate
lines. The index “g” is an integer of not less than 0.
Hereafter, “n,” “m,” etc. may be used as similar indices.

[0041] As illustrated in (a) of FIG. 2, the liquid crystal
display panel 1 in accordance with Embodiment 1 is con-
figured such that, in the wiring diverting region 20 located
peripherally to the non-displaying region 10, at least one of
the first wires 40 achieves an electrical connection via a
connecting line (for example, connecting line 60#(s+1) or
connecting line 60z(s+3)) which is provided in the same
layer as the touch panel lines 60.

[0042] Note here that the “60¢” in the reference sign of the
connecting line 60z(s+1) and connecting line 60#(s+3) indi-
cates that the lines are provided in the same layer as the
touch panel lines 60. The “(s+1)” and “(s+3)” in these
reference signs indicate that these lines correspond to the
data lines 40(s+1) and 40(s+3), respectively. Similar expres-
sions may be used in reference signs hereinafter.

[0043] With the above configuration, in the wiring divert-
ing region 20, a portion of the data lines 40 achieve an
electrical connection via a connecting line which is provided
in the same layer as the touch panel lines 60. This makes it
possible to use the touch panel line layer 60 effectively. This
also makes it possible to reduce the likelihood of a short
circuit between adjacent data lines. Furthermore, this con-
figuration makes it possible to decrease the area of the
wiring diverting region 20 without an excessive increase in
the density at which the data lines 40 are provided.

[0044] As illustrated in FIGS. 1 and 2, the liquid crystal
display panel 1 in accordance with Embodiment 1 is con-
figured such that those of the touch panel lines 60 connected
to those of the touch panel electrodes located closer to the
sensing section 80 than is the non-displaying region 10 are
provided so as to run from the sensing section 80 to a
respective one of the touch panel electrodes without extend-
ing past and then turning back toward the respective one of
the touch panel electrodes.

[0045] Specifically, as seen in the example illustrated in
FIG. 1, six touch panel lines are connected to respective ones
of six touch panel electrodes located closer to the sensing
section 80 than is the non-displaying region 10. These six
touch panel lines run from the sensing section 80 to the six
touch panel electrodes without extending past and turning
back toward the six touch panel electrodes.

[0046] With the above configuration, those of the touch
panel lines which are connected to those of the touch panel
electrodes located closer to the sensing section than is the
non-displaying region are not routed through the wiring
diverting region. This makes it possible to achieve connec-
tion in a simple manner, without having to increase the
length of these touch panel lines. It is therefore possible to
decrease the likelihood that a disconnection will occur.
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[0047] With reference to FIG. 3, the following description
will further discuss a configuration of the liquid crystal
display panel 1. (a) of FIG. 3 is a plan view of one unit pixel
3 included in the liquid crystal display panel 1 of FIG. 1. (b)
of FIG. 3 is a cross-sectional view taken along line X-X' of
(a) of FIG. 3. (c) of FIG. 3 is a cross-sectional view taken
along line Y-Y" of (a) of FIG. 3.

[0048] As illustrated in (a) of FIG. 3, the unit pixel 3
includes a touch panel electrode 70m and a touch panel
electrode 707, which are separated by a distance W. The umt
pixel 3 includes a connection section 65m1 and a connection
section 65m2, which are for connecting the touch panel
electrode 70m and a touch panel line 60#. The touch panel
line 60m overlaps with a data line 40m provided in a layer
below the touch panel line 607. Similarly, a touch panel line
60(m-1) overlaps with a data line 40(m-1) provided in a
layer below the touch panel line 60(m-1). The first insulat-
ing film 51 is provided between the touch panel lines and the
data lines. Note that touch panel line 60(m-1) is not con-
nected to any touch panel electrodes in a column which
includes the touch panel electrode 70m. The reference sign
50m indicates a gate line.

[0049] As illustrated in (b) of FIG. 3, the liquid crystal
display panel includes the gate insulating film 50a which is
provided on the substrate 100 so as to cover the substrate
100. A data line layer 40 is provided on the gate insulating
film 50a. The first insulating film 51 is provided on the data
line layer 40 so as to cover the data line layer 40m. A touch
panel line layer 60m is provided on the first insulating film
51, in a position corresponding to the data line layer 40m. A
pixel electrode layer 52, constituted by a transparent con-
ductive film, is provided in the same layer as the touch panel
line layer 60m, but in a location away from the touch panel
line layer 60m. The second insulating film 71 is provided
above the aforementioned layers so as to cover these layers.
Finally, a touch panel electrode 70m, constituted by a
transparent conductive film, is formed on the second insu-
lating film 71. The touch panel electrode 70m has (i) an
opening 73 which exposes a location corresponding to the
touch panel line layer 60m and (ii) slits 72 which expose
locations corresponding to the pixel electrode layer 52.
[0050] Inthis way, particularly as illustrated in (b) of FIG.
3, the liquid crystal display panel in accordance with
Embodiment 1 is configured so that in a layer which differs
from (i) the layer in which the first wires 40 are provided (in
Embodiment 1, the data line layer 40m) and (ii) the layer in
which the second wires 50 are provided (in Embodiment 1,
a gate line layer 50m), the touch panel line 60m is provided
in a manner so as to be parallel to a respective one of the first
wires 40.

[0051] Furthermore, the liquid crystal display panel in
accordance with Embodiment 1 is configured such that the
touch panel line 60m is provided above the data line layer
40m, which constitutes a portion of the plurality of first
wires 40, the first insulating film 51 being provided between
the touch panel line 60 and the data line layer 40m. The
wording “above a portion of the first wires 40” means that
the touch panel line 60m is provided further away from the
substrate than is the first wire 40m.

[0052] Examples of possible materials for the gate insu-
lating film 50a include inorganic insulating materials such as
silicon dioxide (Si0,) and silicon nitride (SiN_). In the
present example, the gate insulating film 504 is assumed to
be a laminated film in which silicon dioxide (Si0,) is
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provided above silicon nitride (SiN_). Examples of possible
materials for the first insulating film 51 include organic
insulating materials such as acrylic resin containing a pho-
tosensitizer. Alternatively, inorganic insulating materials
such as silicon dioxide (Si0,) and silicon nitride (SiN, ) can
be used, similarly to the gate insulating film 50q. In the
present example, the first insulating film 51 is assumed to be
a laminated film in which silicon nitride (SiN,) is provided
above silicon dioxide (SiO,).

[0053] Examples of possible materials for the touch panel
line layer 60m include titanium (Ti), copper (Cu), aluminum
(Al), ITO (transparent conductive film), and a laminated film
including any of these. Examples of possible materials for
the second insulating film 71 include inorganic insulating
materials such as silicon nitride (SiN,)

[0054] The data line layer 40m is a conductive layer.
Examples of possible materials for the data line layer 40m
include metallic materials such as titanium (T1), copper (Cu),
chromium (Cr), aluminum (Al), gold (Au), molybdenum
(Mo), tungsten (W), an alloy of any of these, and a laminated
film including any of these. In Embodiment 1, the data line
layer 40m is preferably configured to have a two-layered
structure including layer of copper (Cu) and a layer of
titanium (T1).

[0055] (c) of FIG. 3 illustrates a gate line layer 50 which
can be made of the same material as the data line layer 40m.
(c) of FIG. 3 also illustrates an oxide semiconductor film 53
provided on the gate insulating film 50a. Other members are
as described above, and thus descriptions thereof are omitted
here.

[0056] Note that on both the substrate 100 and the oppos-
ing substrate, an alignment film is provided as innermost
layer which comes into contact with the liquid crystal layer.
The alignment films orient the liquid crystal molecules in the
liquid crystal layer.

[0057] The touch panel electrodes 70 function as a com-
mon electrode paired with pixel electrodes 52. When a
potential difference occurs between a pixel electrode 52 and
a touch panel electrode 70 overlapping with each other, a
fringe field is generated between that pixel electrode 52 and
the fringes of the slit 72, the fringe field including a
component parallel to the surface of the substrate 100. Using
the fringe field makes it possible to control the orientation of
liquid crystal molecules in the liquid crystal layer. In other
words, the liquid crystal display panel 1 in accordance with
embodiment employs a fringe field switching (FFS) mode.
[0058] (Variation 1)

[0059] A configuration of Variation 1 differs from that of
Embodiment 1 mainly in that, in the wiring diverting region,
it is the gate lines 50 that achieve an electrical connection via
the connecting lines. The following description will focus
mainly on this difference.

[0060] The following description will discuss, with refer-
ence to FIG. 4, a configuration of a liquid crystal display
panel 1a. In Variation 1, any members similar to those of
Embodiment 1 will be given the same reference sign as in
Embodiment 1, and descriptions thereof will be omitted
unless necessary. FI1G. 4 illustrates Variation 1 of the liquid
crystal display panel in accordance with Embodiment 1.
FIG. 4 shows a view corresponding to (a) of FIG. 2.
[0061] As illustrated in FIG. 4, data lines 40s, 40(s+1),
40(s+2), 40(s+3), etc. constitute the plurality of first wires
40. Similarly, gate lines 50g, 50(g+1), etc. constitute the
plurality of second wires 50. Each of a plurality of touch
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panel electrodes 70a (in the example of FIG. 4, the 12
electrodes having various shapes) is connected to a respec-
tive one of the touch panel lines.

[0062] As illustrated in FIG. 4, the liquid crystal display
panel 1a in accordance with Variation 1 is configured such
that, in a wiring diverting region 20a located peripherally to
anon-displaying region 10a, at least one of the second wires
50 achieves an electrical connection via a connecting line
(for example, a connecting line 60¢g) which is provided in
the same layer as the touch panel lines.

[0063] Note here that the “60¢” in the reference sign of the
connecting line 60¢g indicates that the line is provided in the
same layer as the touch panel lines. The “g” in this reference
sign indicates that the line corresponds to a gate line 50g.

[0064] The above configuration, too, makes it possible
achieve an effect similar to that of Embodiment 1.

[0065] (Variation 2)

[0066] The configuration of Variation 2 differs from that of
Variation 1 mainly in that the non-displaying region is not
circular in shape, but rather, for example, rectangular. The
following description will focus mainly on this difference.
[0067] The following description will discuss, with refer-
ence to FIG. 5, a configuration of a liquid crystal display
panel 15. In Variation 2, any members similar to those in
Embodiment 1 will be given the same reference sign, and
descriptions thereof will be omitted unless necessary. FIG. 5
illustrates Variation 2 of the liquid crystal display panel in
accordance with Embodiment 1. FIG. 5 shows a view
corresponding to (a) of FIG. 2.

[0068] As illustrated in FIG. 5, data lines 4051, 40(s1+1),
etc. constitute the plurality of first wires 40. Similarly, gate
lines 50g1,50(g1+1), 50(g1+2), 50(g1+3), etc. constitute the
plurality of second wires 50. Each of a plurality of touch
panel electrodes 705 (in the example of FIG. 5, electrodes
having various shapes) is connected to a respective one of
touch panel lines.

[0069] As illustrated in FIG. 5, the liquid crystal display
panel 15 in accordance with Variation 2 is configured such
that, in a wiring diverting region 205 located peripherally to
a non-displaying region 105, at least one of the second wires
50 achieves an electrical connection via a connecting line
(for example, connecting line 60zgl or connecting line
60#(g1+2)) which is provided in the same layer as touch
panel lines 60a.

[0070] Note here that the “607” in the reference sign of the
connecting line 60¢g1 and connecting line 60#(g1+2) indi-
cates that the lines are provided in the same layer as the
touch panel lines. The “gl” and “g1+2” in these reference
signs indicate that these lines correspond to a gate line 50g1
and a gate line 50(g1+2), respectively.

[0071] The above configuration, too, makes it possible
achieve an effect similar to that of Embodiment 1 and
Variation 1.

[0072] The above descriptions involved configurations
where either (i) one or more data lines 40 or (ii) one or more
gate lines 50 achieved an electrical connection via a con-
necting line. Note, however, that these examples are non-
limiting. For example, the connecting line may be used with
respect to both the data lines and the gate lines.

[0073] (Pixel Layout)

[0074] The following description will discuss, with refer-
ence to FIG. 6, a pixel layout in a liquid crystal display
panel. FIG. 6 is a diagram for explaining a pixel layout. (a)
of FIG. 6 illustrates vertical pixels (which can also be called
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vertical stripe pixels or vertically oriented pixels), whereas
(b) of FIG. 6 illustrates horizontal pixels (which can also be
called horizontal stripe pixels or horizontally oriented pix-
els).

[0075] The pixel layout of a liquid crystal display panel 1¢
as illustrated in (a) of FIG. 6 can be compared as follows to
the pixel layout of a liquid crystal display panel 1d as
illustrated in (b) of FIG. 6. In a horizontal pixel layout, an
opposing substrate (provided so as to oppose a substrate
having a displaying region and a non-displaying region) has
a color filter whose orientation is rotated 90 degrees as
compared to that of a vertical pixel layout. Compared to a
vertical pixel layout, the horizontal pixel layout has an
increased number of gate lines 50 (for example, three times
as many) but a proportionally decreased number of data
lines 40 (for example, ¥4 as many). In an example configu-
ration having the pixel layout illustrated in (b) of FIG. 6,
even if there are more gate lines than data lines in a wiring
diverting region, applying the configuration of Variation 2
makes it possible to achieve an effect similar to that of
Embodiment 1 and Variation 1.

Embodiment 2

[0076] Discussed above were examples in which a circular
or rectangular non-displaying region was provided in the
center of a liquid crystal display panel. The present inven-
tion is not, however, limited to such examples. For example,
the non-displaying region may be provided in a peripheral
region of a liquid crystal display panel. In other words, it is
not essential for the non-displaying region to be completely
surrounded by the displaying region. It is possible to employ
a configuration in which the perimeter of the non-displaying
region is at least partly defined by the displaying region.
Furthermore, the non-displaying region may have a shape
other than those described above.

[0077] FIG. 7 is a diagram illustrating an overall configu-
ration of a liquid crystal display panel 1e in accordance with
Embodiment 2. For example, even in a configuration where
a non-displaying region is provided so as to be in contact
with a side of a mostly rectangular contour (displaying
region) (as is the case with the semicircular shapes on the
left and right sides in FIG. 7), data lines 40s2, 40(s2+1), etc.
constitute a plurality of first wires 40, as illustrated in FIG.
7. Similarly, gate lines 50g2, 50(g2+1), 50(g2+2). 50(g2+3),
etc. constitute a plurality of second wires 50. Each of a
plurality of touch panel electrodes 70e (in the example of
FIG. 7, electrodes having various shapes) is connected to a
respective one of touch panel lines. Reference sign 71
indicates a gate driving section which provides a scan signal
to the gate lines.

[0078] As illustrated in FIG. 7, the liquid crystal display
panel 1e in accordance with Embodiment 2 is configured
such that, in a wiring diverting region located peripherally to
a non-displaying region, at least one of the first wires 40
achieves an electrical connection via a connecting line (for
example, connecting line 607(s2+1)) which is provided in the
same layer as the touch panel lines.

[0079] Note here that the “607” in the reference sign of the
connecting line 60#(s2+1) indicates that the line is provided
in the same layer as the touch panel lines 60. The “(s2+1)”
in this reference sign indicates that the line corresponds to a
data line 40(s2+1).
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[0080] The above configuration, too, makes it possible
achieve an effect similar to that of Embodiment 1 and the
variations of Embodiment 1.

Embodiment 3

[0081] The following description will discuss, with refer-
ence to FIG. 8, a configuration of a liquid crystal display
panel in accordance with Embodiment 3. FIG. 8 is a diagram
illustrating an overall configuration of a liquid crystal dis-
play panel 1f in accordance with Embodiment 3. For
example, even in a configuration where a non-displaying
region is provided so as to be in one or more corners of a
mostly rectangular contour (displaying region) (as is the
case with the lower left and lower right portions in FIG. 8),
data lines 40s3, 40(s3+1), etc. constitute a plurality of first
wires 40, as illustrated in FIG. 8. Similarly, gate lines 50g3,
50(g3+1), 50(g3+2), etc. constitute a plurality of second
wires 50. Each of a plurality of touch panel electrodes 70/ (in
the example of FIG. 8, electrodes having various shapes) is
connected to a respective one of touch panel lines. Reference
sign 72 indicates a gate driving section which provides a
scan signal to the gate lines.

[0082] As illustrated in FIG. 8, the liquid crystal display
panel 1f in accordance with Embodiment 3 is configured
such that, in a wiring diverting region located peripherally to
a non-displaying region, at least one of the first wires 40
achieves an electrical connection via a connecting line (for
example, connecting line 60¢(s3+1)) which is provided in the
same layer as the touch panel lines.

[0083] Note here that the “60¢” in the reference sign of the
connecting line 60#(s3+1) indicates that the line is provided
in the same layer as the touch panel lines 60. The “(s3+1)”
in this reference sign indicates that the line corresponds to a
data line 40(s3+1).

[0084] The above configuration, too, makes it possible
achieve an effect similar to that of Embodiment 1, the
variations of Embodiment 1, and Embodiment 2.

[0085] While the above descriptions discuss an example in
which the first wires 40 are data lines and the second wires
50 are gate lines, this example is non-limiting. For example,
the first wires 40 may be gate lines and the second wires 50
may be data lines.

[0086] In the above descriptions, the non-displaying
region may be a region in which the substrate is not present,
or may be a region in which the substrate is present but no
pixels are provided.

[0087] [Recap]

[0088] A liquid crystal display panel 1 in accordance with
Aspect 1 of the present invention includes: a substrate (100)
having a displaying region (30) and a non-displaying region
(10); a plurality of first wires (40) provided in a first layer;
a plurality of second wires (50) which are provided in a
second layer differing from the first layer in a manner so as
to run crosswise with respect to the plurality of first wires
(40); a plurality of touch panel lines (60) which are provided
in a third layer differing from both the first and second
layers; a plurality of touch panel electrodes (70) each of
which is connected to a respective one of the plurality of
touch panel lines (60); and a sensing section (80) which is
provided at a first end of the substrate (100) and connected
to the plurality of touch panel lines (60), out of those of the
plurality of touch panel lines (60) connected to those of the
plurality of touch panel electrodes (70) located farther away
from the sensing section (80) than is the non-displaying
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region (10), at least one touch panel line (60) being provided
so as to run from the sensing section (80) to a second end of
the substrate (100) and, at the second end, turn back toward
the plurality of touch panel electrodes (70).

[0089] The above configuration makes it possible to pro-
vide a liquid crystal display panel (1) which allows for the
area of a wiring diverting region (20) to be reduced in a
configuration including gate lines (50), data lines (40), and
touch panel lines (60).

[0090] In Aspect 2 of the present invention, the liquid
crystal display panel 1 of Aspect 1 may be configured such
that in a wiring diverting region (20) located peripherally to
the non-displaying region (10), at least one of the plurality
of first wires (40) and at least one of the plurality of second
wires (50) achieve an electrical connection via a respective
connecting line provided in the third layer.

[0091] With the above configuration, in the wiring divert-
ing region (20), a portion of the data lines (40) achieve an
electrical connection via a connecting line which is provided
in the layer in which the touch panel lines (60) are provided.
This makes it possible to use the touch panel line layer (60)
effectively. This configuration also makes it possible to
reduce the likelihood of a short circuit between adjacent gate
lines. Furthermore, this configuration makes it possible to
decrease the area of the wiring diverting region (20) without
an excessive increase in the density at which the data lines
(40) are provided.

[0092] In Aspect 3 of the present invention, the liquid
crystal display panel 1 of Aspect 1 or 2 may be configured
such that those of the plurality of touch panel lines (60)
connected to those of the plurality of touch panel electrodes
(70) located closer to the sensing section (80) than is the
non-displaying region (10) are provided so as to run from the
sensing section (80) to a respective one of the plurality of
touch panel electrodes (70) without extending past and then
turning back toward the respective one of the touch panel
electrodes (70).

[0093] With the above configuration, those of the touch
panel lines which are connected to those of the touch panel
electrodes located closer to the sensing section than is the
non-displaying region are not routed through the wiring
diverting region. This makes it possible to achieve connec-
tion in a simple manner, without having to increase the
length of these touch panel lines. It is therefore possible to
decrease the likelihood that a disconnection will occur.
[0094] In Aspect 4 of the present invention, the liquid
crystal display panel 1 of any one of Aspects 1 to 3 may be
configured such that in the third layer, the plurality of touch
panel lines (60) are provided in a manner so as to be parallel
to respective ones of the plurality of first wires (40).
[0095] In Aspect 5 of the present invention, the liquid
crystal display panel 1 of any one of Aspects 1 to 4 may be
configured such that the plurality of touch panel lines (60)
are provided above a portion of the plurality of first wires
(40), an insulating layer (51) being provided between the
plurality of touch panel lines (60) and the plurality of first
wires (40).

[0096] In Aspect 6 of the present invention, the liquid
crystal display panel 1 of any one of Aspects 1 to 5 may be
configured such that the plurality of first wires (40) are
respective data lines, and the plurality of second wires (50)
are respective gate lines.

[0097] In Aspect 7 of the present invention, the liquid
crystal display panel 1 of Aspect 1 may be configured such
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that the plurality of first wires are respective gate lines (40),
and the plurality of second wires (50) are respective data
lines.

[0098] The present invention is not limited to the embodi-
ments, but can be altered by a skilled person in the art within
the scope of the claims. The present invention also encom-
passes, in its technical scope, any embodiment derived by
combining technical means disclosed in differing embodi-
ments. It is possible to form a new technical feature by
combining the technical means disclosed in the respective
embodiments.

REFERENCE SIGNS LIST

[0099] 1. 1a to 1f Liquid crystal display panel

[0100] 3 Unit pixel

[0101] 10, 10a, 105 Non-displaying region

[0102] 20, 20a, 205 Wiring diverting region

[0103] 30, 30a, 305 Displaying region

[0104] 40 (40s, 40(s+1) to 40(s3+1)), 40m First wire
(data line)

[0105] 50 (50g, 50(g+1) to 50(g3+2), 50m Second wire
(gate line)

[0106] 60, 60m Touch panel line

[0107] 60#(s+1) to 60/(s3+1), 607g to 60#(gl+2) Con-

necting line

[0108] 65, 65a, 655, 65¢, 65/ Connection section

[0109] 70, 70a, 705, 70e, 70f, 70m Touch panel elec-
trode

[0110] 80 Sensing section

[0111] 100 Substrate

1. A liquid crystal display panel comprising:

a substrate having a displaying region and a non-display-
ing region;

a plurality of first wires provided in a first layer;

aplurality of second wires which are provided in a second
layer differing from the first layer in a manner so as to
run crosswise with respect to the plurality of first wires;

a plurality of touch panel lines which are provided in a
third layer differing from both the first and second
layers;

a plurality of touch panel electrodes each of which is
connected to a respective one of the plurality of touch
panel lines; and
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a sensing section which is provided at a first end of the
substrate and connected to the plurality of touch panel
lines,

out of those of the plurality of touch panel lines connected
to those of the plurality of touch panel electrodes
located farther away from the sensing section than is
the non-displaying region, at least one touch panel line
being provided so as to run from the sensing section to
a second end of the substrate and, at the second end,
turn back toward the plurality of touch panel elec-
trodes.

2. The liquid crystal display panel as set forth in claim 1,
wherein in a wiring diverting region located peripherally to
the non-displaying region, at least one of the plurality of first
wires and at least one of the plurality of second wires
achieve an electrical connection via a respective connecting
line provided in the third layer.

3. The liquid crystal display panel as set forth in claim 1,
wherein those of the plurality of touch panel lines connected
to those of the plurality of touch panel electrodes located
closer to the sensing section than is the non-displaying
region are provided so as to run from the sensing section to
a respective one of the plurality of touch panel electrodes
without extending past and then turning back toward the
respective one of the touch panel electrodes.

4. The liquid crystal display panel as set forth in claim 1,
wherein in the third layer, the plurality of touch panel lines
are provided in a manner so as to be parallel to respective
ones of the plurality of first wires.

5. The liquid crystal display panel as set forth in claim 1,
wherein the plurality of touch panel lines are provided above
a portion of the plurality of first wires, an insulating layer
being provided between the plurality of touch panel lines
and the plurality of first wires.

6. The liquid crystal display panel as set forth in claim 1,
wherein the plurality of first wires are respective data lines,
and the plurality of second wires are respective gate lines.

7. The liquid crystal display panel as set forth in claim 1,
wherein the plurality of first wires are respective gate lines,
and the plurality of second wires are respective data lines.
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