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(54) DISPLAY DEVICE WITH TOUCH PANEL

(57) A method of manufacturing a capacitance cou-
pling type touch panel comprises forming a first trans-
parent conductive film on a substrate (11) ; forming a first
etching mask on the film; etching the conductive film us-
ing the first etching mask for forming first and second
electrodes (1X, 2Y) ; removing the etching mask; forming
an insulating film (12) on portions of the first and second
electrodes (1X, 2Y) ; forming contact holes (12a) in the

insulating film (12); forming a second transparent con-
ductive film on the insulating film (12) and in the contact
holes (12a); forming a second etching mask on the sec-
ond transparent conductive film; etching the second con-
ductive film for forming first portions (1a) of each of the
first electrodes (1X); removing the second mask; and
forming a protective film (13).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a display device
with a touch panel, and more particularly, to a display
device with a touch panel which includes a capacitance
coupling type touch panel.

2. Description of the Related Art

[0002] Major systems adopted by conventional touch
panels include a system of detecting an optical change
and a system of detecting a change in electric
characteristic . As systems of detecting a change in elec-
tric characteristic, a capacitance coupling system is
known (see, for example, JP 2008-65748 A and JP
2009-015489 A).
[0003] FIGS. 9 to 11 illustrate a conventional capaci-
tance coupling type touch panel. FIG. 9 is a plan diagram
illustrating an electrode pattern, FIG. 10 is a sectional
diagram illustrating a sectional structure cut on the line
X-X of FIG. 9, and FIG. 11 is a sectional diagram illus-
trating a sectional structure cut on the line XI-XI of FIG. 9.
[0004] As illustrated in FIGS. 9 to 11, the conventional
capacitance coupling type touch panel includes a plural-
ity of electrodes 1X extending in a first direction (e.g., X
direction) and being disposed in parallel in a second di-
rection (e.g., Y direction) intersecting the first direction,
and a plurality of electrodes 2Y intersecting the elec-
trodes 1X, extending in the second direction, and being
disposed in parallel in the first direction. The plurality of
0606-77764EP-Div/AP electrodes 2Y are disposed on a
substrate 11 to be covered with an insulating film 12
formed thereon. The plurality of electrodes 1X are dis-
posed on the insulating film 12 to be covered with a pro-
tective film 13 formed thereon. The electrodes 1X and
2Y are made of transparent conductive materials such
as indium tin oxides (ITOs).
[0005] In the conventional capacitance coupling type
touch panel, as illustrated in FIGS. 9 to 11, the plurality
of electrodes 1X and the plurality of electrodes 2Y are
formed on different conductive layers (upper and lower
layers) via the insulating film 12. In the case of this elec-
trode structure, distortion occurs in the protective film 13
formed on the insulating film 12 and the electrodes 1X
of the upper layer because of the electrode 1X of the
upper layer, and optical path lengths are different be-
tween the upper and lower layers with respect to a re-
flected light. Thus, a color difference is generated be-
tween the upper electrodes 1X and the lower electrodes
2Y, making electrode patterns of the electrodes 1X and
2Y visible. Such visible electrode patterns cause deteri-
oration of optical characteristics and reduction in char-
acteristics of a display device incorporating the touch
panel. Thus, countermeasures are necessary.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide
a technology capable of suppressing reduction in char-
acteristics of a display device with a touch panel.
[0007] This and other objects and novel features of the
present invention become apparent upon reading of the
detailed description of the invention in conjunction with
the accompanying drawings.
[0008] A typical aspect of the invention disclosed in
this application is briefly outlined as follows.

(1) A display device with a touch panel includes: a
display panel; and a capacitance coupling type touch
panel disposed on a surface of an observer side of
the display panel, in which: the capacitance coupling
type touch panel includes on a substrate, a plurality
of first electrodes extending in a first direction and
being disposed in parallel in a second direction in-
tersecting the first direction, and a plurality of second
electrodes intersecting the plurality of first elec-
trodes, extending in the second direction, and being
disposed in parallel in the first direction; each of the
plurality of first electrodes includes a first portion
formed on a layer different from a layer of the plurality
of second electrodes to intersect one of the plurality
of second electrodes, and a second portion formed
on the same layer as the layer of the plurality of sec-
ond electrodes separately from the plurality of sec-
ond electrodes; and the first portion is connected to
the second portion via a contact hole formed through
an insulating film formed between the first portion
and the plurality of second electrodes.
(2) In the display device with the touch panel accord-
ing to item (1), the first portion of the plurality of first
electrodes is formed above the plurality of second
electrodes.
(3) In the display device with the touch panel accord-
ing to item (1), the first portion of the plurality of first
electrodes is formed below the plurality of second
electrodes.
(4) In the display device with the touch panel accord-
ing to any one of items (1) to (3), each of the plurality
of second electrodes includes a portion wider than
a portion intersecting the plurality of first electrodes
between the plurality of first electrodes; and the each
of the plurality of first electrodes includes a portion
wider than a portion intersecting the plurality of sec-
ond electrodes between the plurality of second elec-
trodes.
(5) In the display device with the touch panel accord-
ing to any one of items (1) to (4), the plurality of first
electrodes and the plurality of second electrodes are
made of transparent conductive materials.
(6) The display device with the touch panel according
to any one of items (1) to (5) further includes a pro-
tective film formed on the substrate to cover the plu-
rality of first electrodes and the plurality of second
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electrodes.

[0009] The present invention enables suppression of
reduction in characteristics of the display device with the
touch panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the accompanying drawings:

FIG. 1 is a plan diagram illustrating electrode pat-
terns of a touch panel incorporated in a display de-
vice with a touch panel according to a first embodi-
ment of the present invention;
FIG. 2 is an enlarged plan diagram of a part of FIG. 1;
FIG. 3 is a sectional diagram illustrating a sectional
structure cut on the line III-III of FIG. 1;
FIG. 4 is a sectional diagram illustrating a sectional
structure cut on the line IV-IV of FIG. 1;
FIG. 5 is a block diagram illustrating a schematic
configuration of the display device with the touch
panel according to the first embodiment of the
present invention;
FIG. 6 is a plan diagram illustrating electrode pat-
terns of a touch panel incorporated in a display de-
vice with a touch panel according to a second em-
bodiment of the present invention;
FIG. 7 is a sectional diagram illustrating a sectional
structure cut on the line VII-VII of FIG. 6;
FIG. 8 is a sectional diagram illustrating a sectional
structure cut on the line VIII-VIII of FIG. 6;
FIG. 9 is a plan diagram illustrating electrode pat-
terns of a conventional capacitance coupling type
touch panel;
FIG. 10 is a sectional diagram illustrating a sectional
structure cut on the line X-X of FIG. 9; and
FIG. 11 is a sectional diagram illustrating a sectional
structure cut on the line XI-XI of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Hereinafter, referring to the drawings, embodi-
ments of the present invention are described in detail.
Throughout the drawings illustrative of the embodiments
of the present invention, similar functions are denoted by
similar reference numerals and symbols, and repeated
description thereof is avoided.

[First Embodiment]

[0012] A first embodiment of the present invention is
described by way of example in which the present inven-
tion is applied to a display device with a touch panel,
which includes the touch panel on a display panel such
as a liquid crystal display panel.
[0013] FIGS. 1 to 5 illustrate the display device with
the touch panel according to the first embodiment of the
present invention:

FIG. 1 is a plan diagram illustrating electrode pat-
terns of a touch panel incorporated in the display
device with the touch panel;
FIG. 2 is an enlarged plan diagram of a part of FIG. 1;
FIG. 3 is a sectional diagram illustrating a sectional
structure cut on the line III-III of FIG. 1;
FIG. 4 is a sectional diagram illustrating a sectional
structure cut on the line IV-IV of FIG. 1; and
FIG. 5 is a block diagram illustrating a schematic
configuration of the display device with the touch
panel.

[0014] In FIG. 5, a touch panel 20 illustrates a sectional
structure cut on the line V-V of FIG. 1.
[0015] As illustrated in FIG. 5, the display device with
the touch panel of the first embodiment includes a liquid
crystal display panel 30, the capacitance coupling type
touch panel 20 disposed on a surface of an observer side
of the liquid crystal display panel 30, and a backlight 40
disposed below a surface opposed to the observer side
of the liquid crystal display panel 30. For the liquid crystal
display panel 30, for example, a liquid crystal display pan-
el of an in-plane switching (IPS) type, a twisted nematic
(TN) type or a vertical alignment (VA) type is used.
[0016] As illustrated in FIGS. 1 to 4, the touch panel
20 includes a plurality of electrodes 1X extending in a
first direction (e.g., X direction) and being disposed in
parallel at predetermined array pitches in a second di-
rection (e.g., Y direction) intersecting the first direction,
and a plurality of electrodes 2Y intersecting the elec-
trodes 1X, extending in the second direction, and being
disposed in parallel at predetermined array pitches in the
first direction.
[0017] The plurality of electrodes 2Y are each formed
with an electrode pattern in which a plurality of first por-
tions 2a and a plurality of second portions 2b wider than
the first portions 2a are alternately arranged in the second
direction. The plurality of electrodes 2Y are each dis-
posed on a surface of an observer side of a substrate 11
to be covered with an insulating film 12 formed thereon.
For the substrate 11, a transparent insulating substrate
such as glass is used.
[0018] The plurality of electrodes 1X are each formed
with an electrode pattern in which a plurality of first por-
tions 1a and a plurality of second portions 1b wider than
the first portions 1a are alternately arranged in the first
direction. Each of the first portions 1a of the plurality of
electrodes 1X is formed on a conductive layer different
from that of the electrode 2Y to intersect the first portion
2a of the electrode 2Y in a planar manner . Each of the
second portions 1b of the plurality of electrodes 1X is
formed on the same conductive layer as that of the elec-
trode 2Y separately from the electrode 2Y. In this em-
bodiment, the first portion 1a of the electrode 1X is formed
above the electrode 2Y.
[0019] Each of the second portions 1b of the plurality
of electrodes 1X is covered with the insulating film 12 as
in the case of the electrodes 2Y. Each of the first portions
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1a of the plurality of electrodes 1X is disposed on the
insulating film 12 to be covered with a protective layer 13
formed thereon.
[0020] The first portion 1a of the electrode 1X inter-
sects the first portion 2a of the electrode 2Y in a planar
manner, and is electrically and mechanically connected
to two adjacent second portions 1b sandwiching the first
portion 2a via a contact hole 12a formed through the in-
sulating film 12 which is an interlayer insulating film be-
tween the first portion 1a of the electrode 1X and the
electrode 2Y.
[0021] In other words, each of the plurality of elec-
trodes 1X includes a first portion 1a formed on a conduc-
tive layer different from that of the electrode 2Y to inter-
sect the electrode 2Y, and a second portion 1b formed
on the same conductive layer as that of the electrode 2Y
separately from the electrode 2Y. The first portion 1a of
the electrode 1X is connected to the second portion 1b
of the electrode 1X via the contact hole 12a formed
through the insulating film 12 between the first portion 1a
and the electrode 2Y.
[0022] The second portion 2b of the electrode 2Y is
disposed between the first portions 1a in the two adjacent
electrodes 1X in a plan view. The second portion 1b of
the electrode 1X is disposed between the first portions
2a in the two adjacent electrodes 2Y in a plan view.
[0023] In other words, the electrode 2Y has a portion
wider than that of a portion intersecting the electrode 1X
between the electrode 2Y and the electrode 1X. The elec-
trode 1X has a portion wider than that of a portion inter-
secting the electrode 2Y between the electrode 1X and
the electrode 2Y.
[0024] The electrodes 1X and 2Y are made of highly
transmissive materials, for example, transparent conduc-
tive materials such as indium tin oxides (ITOs).
[0025] FIG. 5 schematically illustrates capacities C1
and C3 between an observer’ s finger 50 and the elec-
trode 1X and a capacity C2 between the observer’s finger
50 and the electrode 2Y. The touch panel 20 of this em-
bodiment detects a capacity difference of coupled capac-
ities between the electrodes 1X and 2Y to detect touch
position coordinates in a touch surface of the touch panel
20 touched by the observer’s finger 50.
[0026] Referring to FIGS. 1 to 4, a manufacturing meth-
od for the touch panel 20 of this embodiment is described.
[0027] First, a first conductive film made of a transpar-
ent conductive material (e.g., ITO) is formed on the sur-
face of the observer side of the substrate 11.
[0028] A first mask for the electrode pattern is formed
on the first conductive film by using, for example, a pos-
itive resist. Then, the first conductive film is etched by
using the first mask as an etching mask to form the elec-
trode 2Y and the second portion 1b of the electrode 1X.
[0029] The first mask is removed, and the insulating
film 12 made of, for example, a negative resist, is formed
on the substrate 11 and on the electrode 2Y and the
second portion 1b of the electrode 1X. In this step, the
electrode 2Y and the second portion 1b of the electrode

1X are covered with the insulating film 12.
[0030] The contact hole 12a is formed in a necessary
part of the insulating film 12. A second conductive film
made of a transparent conductive material (e.g., ITO) is
formed on the insulating film 12 and in the contact hole
12a.
[0031] A second mask for the electrode pattern is
formed on the second conductive film by using, for ex-
ample, a positive resist. Then, the second conductive film
is etched by using the second mask as an etching mask
to form the first portion 1a of the electrode 1X on the
insulating film 12. In this step, the first portion 1a of the
upper layer is electrically and mechanically connected to
the second portion 1b of the lower layer via the contact
hole 12a. The first portion 1a of the upper layer intersects
the first portion 1a of the electrode 2Y of the lower layer.
[0032] Next, the second mask is removed, and the pro-
tective film 13 made of, for example, a negative resist, is
formed on the insulating film 12 and on the first portion
1a of the electrode 1X, thereby forming a structure illus-
trated in FIGS. 1 to 4. In this step, the first portion 1a of
the electrode 1X is covered with the protective film 13.
[0033] Formation of peripheral wiring line patterns can
be inserted in an appropriate place among the steps.
[0034] In a conventional capacitance coupling type
touch panel, as illustrated in FIGS. 9 to 11, a plurality of
electrodes 1X and a plurality of electrodes 2Y are formed
on different conductive layers (lower and upper layers)
via an insulating film 12. In the case of this electrode
structure, distortion occurs in a protective film 13 formed
on the insulating film 12 and the electrode 1X of the upper
layer due to the electrode 1X of the upper layer, and
optical path lengths are different between the lower and
upper layers with respect to a reflected light. Thus, a color
difference is generated between the electrode 2Y of the
lower layer and the electrode 1X of the upper layer, mak-
ing electrode patterns of the electrodes 1X and 2Y visible.
[0035] On the other hand, in the capacitance coupling
type touch panel 20 of this embodiment, as illustrated in
FIGS. 1 to 4, the electrode 1X includes the first portion
1a formed on the layer different from that of the electrode
2Y to intersect the electrode 2Y, and the second portion
1b formed on the same layer as that of the electrode 2Y
separately from the electrode 2Y. The first portion 1a is
connected to the second portion 1b via the contact hole
12a formed through the insulating film 12 between the
first portion 1a and the electrode 2Y.
[0036] In the case of this electrode structure, the pro-
tective film 13 can be formed to be uniform, enabling
suppression of distortion of the protective film 13 and
visualization of the electrode patterns caused by a color
difference due to the distortion of the protective film 13.
As a result, deterioration of optical characteristics caused
by visualization of the electrode patterns can be sup-
pressed, and hence reduction in characteristics of the
display device incorporating the touch panel 20 can be
suppressed.
[0037] Portions in which color differences are gener-
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ated can be reduced to a minimum, in other words, to
only the first portion 1a of the electrode 1X, and hence
visualization of electrode patterns caused by a color dif-
ference generated due to an optical path difference can
also be suppressed. As a result, deterioration of optical
characteristics caused by visualization of the electrode
patterns can be suppressed, and hence reduction in
characteristics of the display device incorporating the
touch panel 20 can be suppressed.
[0038] When a defect occurs in the first portion 1a
(bridge portion) formed on the upper layer, the defect can
be repaired by re-executing the step of forming the first
portion 1a, and deterioration of optical characteristics
caused by visualization of the electrode patterns can be
suppressed to improve processing performance.

[Second Embodiment]

[0039] FIGS. 6 to 8 illustrate a display device with a
touch panel according to a second embodiment of the
present invention:

FIG. 6 is a plan diagram illustrating electrode pat-
terns of a touch panel incorporated in the display
device with the touch panel;
FIG. 7 is a sectional diagram illustrating a sectional
structure cut on the line VII-VII of FIG. 6; and
FIG. 8 is a sectional diagram illustrating a sectional
structure cut on the line VIII-VIII of FIG. 6.

[0040] The display device with the touch panel of the
second embodiment is basically similar in configuration
to that of the first embodiment, and is different as follows.
[0041] In the first embodiment, as illustrated in FIGS.
1 to 4, the electrode 2Y and the second portion 1b of the
electrode 1X are formed on the lower conductive layer,
and the first portion 1a of the electrode 1X is formed on
the upper conductive layer. In the second embodiment,
however, as illustrated in FIGS. 6 to 8, a first portion 1a
of an electrode 1X is formed on a lower conductive layer,
and an electrode 2Y and a second portion 1b of an elec-
trode 1X are formed on an upper conductive layer.
[0042] The first portion 1a (lower layer in this embod-
iment) of the electrode 1X intersects a first portion 2a of
the electrode 2Y, and is electrically and mechanically
connected to two adjacent second portions 1b (upper
layer in this embodiment) sandwiching the first portion
2a via a contact hole 12a formed through an insulating
film 12 which is an interlayer insulating film between the
first portion 1a of the electrode 1X and the electrode 2Y.
[0043] Also in the second embodiment, visualization
of electrode patterns caused by a color difference due to
distortion of a protective film 13 and visualization of elec-
trode patterns caused by a color difference due to an
optical path difference can be suppressed. Thus, deteri-
oration of optical characteristics caused by visualization
of the electrode patterns can be suppressed, and reduc-
tion in characteristics of the display device incorporating

the touch panel 20 can be suppressed.
[0044] The above-mentioned embodiments have been
directed to the display device with the touch panel, which
includes the touch panel on the liquid crystal display pan-
el as an example of the display panel. However, the
present invention is not limited to this. The present in-
vention can be applied to a display device with a touch
panel which includes the touch panel on another display
panel such as an organic EL display panel or an inorganic
EL display panel.
[0045] The invention which has been made by the in-
ventors of the present invention has specifically been de-
scribed based on the embodiments. Not limited to the
embodiments, however, various changes and modifica-
tions can be made without departing from the gist of the
invention.
[0046] Some, but not all of the feature combinations
describing the invention can be itemized as follows:

A. A display device with a touch panel, the display
device comprising:

a display panel (30); and
a capacitance coupling type touch panel (20)
disposed on a surface of an observer side of the
display panel,
the capacitance coupling type touch panel in-
cluding a substrate (11), a plurality of first elec-
trodes (1X) extending in a first direction (X) on
the substrate and being disposed in parallel in
a second direction (Y) intersecting the first di-
rection, and a plurality of second electrodes (2Y)
three-dimensionally intersecting the plurality of
first electrodes (1X), extending in the second di-
rection (Y), and being disposed in parallel in the
first direction (X),
each of the plurality of first electrodes including
a first portion (1A) formed on a layer different
from a layer of the plurality of second electrodes
to three-dimensionally intersect one of the plu-
rality of second electrodes, and a second portion
(1b) formed on the same layer as the layer of
the plurality of second electrodes to be separat-
ed from the plurality of second electrodes,
the first portion being electrically connected to
the second portion via a contact hole (12a)
formed through an insulating film formed be-
tween the first portion and the plurality of second
electrodes.

B. A display device with a touch panel according to
item A, wherein the first portion is formed above the
plurality of second electrodes.
C. A display device with a touch panel according to
item A, wherein the first portion is formed below the
plurality of second electrodes.
D. A display device with a touch panel according to
any one of items A to C, wherein:
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each of the plurality of second electrodes in-
cludes a portion wider than a portion three-di-
mensionally intersecting the first portion, be-
tween adjacent two electrodes of the plurality of
first electrodes; and
each of the plurality of first electrodes includes
the second portion to be larger in width than the
first portion, between adjacent two electrodes of
the plurality of second electrodes.

E. A display device with a touch panel according to
any one of claims A to D, wherein the plurality of first
electrodes and the plurality of second electrodes are
made of transparent conductive materials.
F. A display device with a touch panel according to
any one of claims A to E, further comprising a pro-
tective film formed on the substrate to cover the plu-
rality of first electrodes and the plurality of second
electrodes.

Claims

1. A method of manufacturing a capacitance coupling
type touch panel, the method comprising:

forming a first transparent conductive film on a
substrate (11) ;
forming a first etching mask on the first trans-
parent conductive film;
etching the first transparent conductive film us-
ing the first etching mask for forming portions of
a plurality of first electrodes (1X) and forming a
plurality of second electrodes (2Y);
removing the first etching mask;
forming an insulating film (12) on the portions of
the plurality of first electrodes (1X) and the plu-
rality of second electrodes (2Y) ;
forming a plurality of contact holes (12a) in the
insulating film (12);
forming a second transparent conductive film on
the insulating film (12) and in the plurality of con-
tact holes (12a);
forming a second etching mask on the second
transparent conductive film;
etching the second conductive film using the
second etching mask for forming a plurality of
first portions (1a) of each of the plurality of first
electrodes (1X);
removing the second etching mask; and
forming a protective film (13) on the plurality of
first portions (1a) and the insulating film (12),
characterized in that
the first etching mask and the second etching
mask are made of a positive resist,
the insulating film (12) and the protective film
(13) are made of a negative resist,
the plurality of first electrodes (1X) and the plu-

rality of second electrodes (2Y) are three-dimen-
sionally intersected each other,
each of the plurality of first electrodes (1X) in-
cludes a plurality of second portions (1b) which
is made of the first transparent conductive film
and separated from the plurality of second elec-
trodes (2Y),
each of the plurality of first portions (1a) of each
of the plurality of first electrodes (1X) three-di-
mensionally intersects corresponding one of the
plurality of second electrodes (2Y) and electri-
cally connects with adjacent two of the plurality
of second portions (1b) through two of the plu-
rality of contact holes (12a), and
the plurality of contact holes (12a) is filled with
the protective film (13).

2. The method of manufacturing the capacitance cou-
pling type touch panel according to claim 1, wherein

the insulating film (12), which is formed on the
plurality of second portions (1b) of the first elec-
trodes (1X) and the plurality of second elec-
trodes (2Y), directly contacts a side wall of the
plurality of secondportions (1b) of the plurality
of first electrodes (1X) and the plurality of second
electrodes (2Y).

3. The method of manufacturing the capacitance cou-
pling type touch panel according to claim 1, wherein

the protective film (13), which is formed on the
plurality of first portions (1a), directly contacts a
side wall of the plurality of first portions (1a).

4. The method of manufacturing the capacitance cou-
pling type touch panel according to claim 1, wherein

the plurality of first electrodes (1X) extends in a
first direction (X) and is disposed in parallel in a
second direction (Y) intersecting the first direc-
tion (X), and
the plurality of second electrodes (2Y) extends
in the second direction (Y) and is disposed in
parallel in the first direction (X) .

5. The method of manufacturing the capacitance cou-
pling type touch panel according to claim 1, wherein

the plurality of second portions (1b) is wider than
the plurality of first portions (1a) in the second
direction (Y).
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