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(57) ABSTRACT

According to an aspect, a display device with a touch detec-
tion function includes: a touch detection electrode that detects
proximity or contact of an object; a drive electrode to which
the excitation signal is applied; a first substrate on which the
drive elements are provided; a second substrate on which at
least one of the touch detection electrode and the drive elec-
trode is provided, the second substrate being bonded to the
first substrate to face each other via a sealing member; a
conductor that electrically is coupled to at least one of the
touch detection electrode and the drive electrode; and a con-
ductor support member that fills a space between the first
substrate and the second substrate and on the surface of which
the conductor is provided.
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DISPLAY DEVICE WITH TOUCH
DETECTION FUNCTION, ELECTRONIC
APPARATUS, AND METHOD OF
MANUFACTURING DISPLAY DEVICE WITH
TOUCH DETECTION FUNCTION

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2012-275145 filed in the Japan
Patent Office on Dec. 17, 2012, the entire content of which is
hereby incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to a touch detection

device capable of detecting an object approaching from out-
side, an electronic apparatus with the same, and a method of
manufacturing the display device with a touch detection func-
tion.

[0004] 2. Description of the Related Art

[0005] Recently, atouch detection device, which is referred
to as, so-called a touch panel, capable of detecting a physical
body approaching from outside as an object is attracting
attention. The touch detection device is combined with a
display device, for example, and is used as a device for input-
ting information by displaying various images and the like for
input on the display device.

[0006] Examples of the display device combined with the
touch detection device include a liquid-crystal display device.
The liquid-crystal display device has a pair of translucent
substrates such as glass that are bonded via a sealing member
and between which a liquid layer is interposed. If electrical
coupling is required to exchange signals between one of the
substrates and the other one of them, for example, conductive
paste can be used in the liquid-crystal display device (e.g.,
Japanese Patent Application Laid-open Publication No.
2008-299161 (JP-A-2008-299161) (see FIG. 4, F1G. 5, etc.)).
[0007] In the technology described in JP-A-2008-299161,
the conductive paste is applied to a side portion of the sub-
strates. This type of wiring is useful for reducing the thickness
of the liquid-crystal display device or the like. Incidentally,
there may occur a gap between the substrates at the outside of
the sealing member. Because the gap is small, the conductive
paste may spread caused by a capillary phenomenon. As a
result, in the technology described in JP-A-2008-299161,
when fine wiring is required, adjacent wirings are electrically
coupled, and therefore a function of wiring may not be
exerted.

[0008] For the foregoing reasons, there is a need for surely
exerting the function of the wiring for electrically coupling
between the both of the substrates at the outer side thereof.

SUMMARY

[0009] According to an aspect, a display device with a
touch detection function includes: a plurality of drive ele-
ments that perform a display operation based on a pixel signal
and a display drive signal; a touch detection electrode that
detects proximity or contact of an object based on an excita-
tion signal; a drive electrode to which the excitation signal
fluctuated at least in level at a predetermined cycle is applied
in order to detect the proximity or the contact of the object; a
first substrate on which the drive elements are provided; a
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second substrate on which at least one of the touch detection
electrode and the drive electrode is provided, the second
substrate being bonded to the first substrate to face each other
via a sealing member; a conductor that electrically is coupled
to at least one of the touch detection electrode and the drive
electrode; and a conductor support member that fills a space
between the first substrate and the second substrate at a posi-
tion of at least one edge face of the second substrate or in a
manner protruding in a direction farther away from the seal-
ing member than the position of the edge face, and on the
surface of which the conductor is provided.

[0010] According to another aspect, a display device with a
touch detection function includes: a plurality of drive ele-
ments that perform a display operation based on a pixel signal
and a display drive signal; a touch detection electrode that
detects proximity or contact of an object based on an excita-
tion signal; a first substrate on which the drive elements are
provided; a second substrate on which the touch detection
electrode is provided, the second substrate being bonded to
the first substrate to face each other via a sealing member; and
a wiring member that includes a conductor for electrically
coupling at least the touch detection electrode and an elec-
trode provided on a surface of the first substrate and a base
material for supporting the conductor, and that is provided
between the second substrate and the first substrate.

[0011] According to another aspect, an electronic appara-
tus includes the display device with a touch detection func-
tion.

[0012] According to another aspect, a method is of manu-
facturing a display device with a touch detection function.
The method includes: bonding a first substrate on which a
plurality of drive elements are formed and a second substrate
onwhich atouch detection electrode is formed using a sealing
member; injecting liquid crystal into between the first sub-
strate and the second substrate and sealing an injection hole;
providing aresin layer at least on an edge face where the touch
detection electrode of the second substrate is pulled out and a
portion of a surface of the first substrate; and providing a
conductor electrically coupling to the touch detection elec-
trode on a surface of the resin layer.

[0013] According to another aspect, a method is of manu-
facturing a display device with a touch detection function.
The method includes: bonding a first substrate on which a
plurality of drive elements are formed and a second substrate
on which a touch detection electrode is formed via sealing
member that is protruded at least from an edge face where the
touch detection electrode of the second substrate is pulled
out; injecting liquid crystal into between the first substrate
and the second substrate and sealing an injection hole; and
providing a conductor for electrically coupling the touch
detection electrode of the second substrate and an electrode
provided on a surface of the first substrate.

[0014] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 is a diagram of a configuration example of a
display device with a touch detection function according to a
first embodiment;

[0016] FIG. 2 is an explanatory diagram for explaining a
basic principle of a capacitive-type touch detection method
and illustrating a state where a finger is not in contact with or
in proximity to a touch detection device;
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[0017] FIG. 3 is an explanatory diagram of an example of
an equivalent circuit in the state where the finger is not in
contact with or in proximity to the touch detection device
illustrated in FIG. 2;

[0018] FIG. 4 is an explanatory diagram for explaining a
principle of detection of a touch operation and illustrating the
state where the finger is in contact with or in proximity to the
touch detection device;

[0019] FIG. 5 is an explanatory diagram of an example of
the equivalent circuit in the state where the finger is in contact
with or in proximity to the touch detection device illustrated
in FIG. 3;

[0020] FIG. 6 is a diagram of waveform examples of a
touch-detection drive signal and a touch detection signal;
[0021] FIG. 7 is a main-portion cross-sectional view of a
display unit with a touch detection function;

[0022] FIG. 8 is a diagram of a circuit example of the
display unit with a touch detection function according to the
first embodiment;

[0023] FIG. 9 is a schematic diagram of an example of a
touch detecting device;

[0024] FIG. 10 is a plan view of the display device with a
touch detection function according to the first embodiment;
[0025] FIG. 11 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to the
first embodiment;

[0026] FIG. 12 is a plan view of the wiring coupling struc-
ture of the touch detection electrode according to the first
embodiment;

[0027] FIG. 13 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to a
comparative example;

[0028] FIG. 14 is a plan view of the wiring coupling struc-
ture of the touch detection electrode according to the com-
parative example;

[0029] FIG. 15 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to a
first modification of the first embodiment;

[0030] FIG. 16 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to a
second modification of the first embodiment;

[0031] FIG.17is aplan view of a wiring coupling structure
of a touch detection electrode according to a third modifica-
tion of the first embodiment;

[0032] FIG. 18 is a plan view of a display device with a
touch detection function according to a fourth modification of
the first embodiment;

[0033] FIG.19is a flowchart of a method of manufacturing
the display device with a touch detection function according
to the first embodiment;

[0034] FIG. 20 is a flowchart of another method of manu-
facturing the display device with a touch detection function
according to the first embodiment;

[0035] FIG. 21 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to a
second embodiment;

[0036] FIG. 22 is a plan view of the wiring coupling struc-
ture of the touch detection electrode according to the second
embodiment;

[0037] FIG. 23 is a diagram of a wiring member;
[0038] FIG. 24 is a diagram of a wiring member;
[0039] FIG. 25 is a diagram of a wiring member;
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[0040] FIG. 26 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to a
modification of the second embodiment;

[0041] FIG. 27 is a plan view of the wiring coupling struc-
ture of the touch detection electrode according to the modi-
fication of the second embodiment;

[0042] FIG. 28 is a flowchart of a method of manufacturing
the display device with a touch detection function according
to the second embodiment;

[0043] FIG. 29 is a diagram of an example of an electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0044] FIG. 30 is a diagram of an example of an electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0045] FIG. 31 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0046] FIG. 32 is a diagram of an example of an electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0047] FIG. 33 is a diagram of an example of an electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0048] FIG. 34 is a diagram of an example of an electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0049] FIG. 35 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0050] FIG. 36 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0051] FIG. 37 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0052] FIG. 38 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment;

[0053] FIG. 39 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment; and

[0054] FIG. 40 is a diagram of an example of the electronic
apparatus including the display device with a touch detection
function according to the embodiment.

DETAILED DESCRIPTION

[0055] Exemplary embodiments for implementing the
present disclosure will be explained in detail below with
reference to the accompanying drawings in the following
order.

[0056] 1. First Embodiment

[0057] 1-1. Overall Configuration

[0058] 1-2. Principle of Detection of Touch Operation
[0059] 1-3. Display Unit with Touch Detection Function
[0060] 1-4. Operation of Display Device with Touch

Detection Function
[0061] 1-5. Wiring Coupling Structure for Extracting
Touch Detection Signal from Touch Detection Electrode
[0062] 1-6. Method of Manufacturing Display Device
with Touch Detection Function
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[0063] 2. Second Embodiment
[0064] 2-1. Wiring Coupling Structure
[0065] 2-2. Method of Manufacturing Display Device

with Touch Detection Function

[0066] 3. Application Examples
[0067] 4. Aspects of Present Disclosure
1. First Embodiment
1-1. Overall Configuration
[0068] FIG.1isa configuration example ofa display device

with a touch detection function according to a first embodi-
ment. A display device with a touch detection function 1
includes a display unit with a touch detection function 10, a
control unit 11, a gate driver 12, a source driver 13, a drive
electrode driver 14, and a touch detection unit 40. The display
device with a touch detection function 1 is a display device in
which the display unit with a touch detection function 10 has
a built-in touch detection function. The display unit with a
touch detection function 10 is a so-called in-cell type device
in which a liquid-crystal display unit 20 using a liquid crystal
element as a display element and a capacitive-type touch
detecting device 30 are integrated.

[0069] The liquid-crystal display unit 20 is a device that
sequentially scans and displays horizontal lines one by one
according to a scan signal Vscan transmitted from the gate
driver 12, as explained later. The control unit 11 is a circuit
that transmits a control signal to the gate driver 12, the source
driver 13, the drive electrode driver 14, and the touch detec-
tion unit 40 based on a video signal Vdisp transmitted from an
external device, and thereby provides the control so that these
units operate in synchronization with one another.

[0070] The gate driver 12 has a function of sequentially
selecting one horizontal line, being a target to be driven upon
display by the display unit with a touch detection function 10,
based on the control signal transmitted from the control unit
11.

[0071] The source driver 13 is a circuit that transmits a pixel
signal Vpix to each pixel Pix, explained later, of the display
unit with a touch detection function 10 based on the control
signal transmitted from the control unit 11.

[0072] The drive electrode driver 14 is a circuit that sup-
plies a drive signal Vcom to a drive electrode COML,
explained later, of the display unit with a touch detection
function 10 based on the control signal supplied from the
control unit 11.

1-2. Principle of Detection of Touch Operation

[0073] FIG. 2 is an explanatory diagram for explaining a
basic principle of a capacitive-type touch detection method
and illustrating a state where a finger is not in contact with or
in proximity to the touch detection device. FIG. 3 is an
explanatory diagram of an example of an equivalent circuit in
the state where the finger is not in contact with or in proximity
to the touch detection device illustrated in FIG. 2. FIG. 4is an
explanatory diagram for explaining a principle of detection of
atouch operation and illustrating the state where the finger is
in contact with or in proximity to the touch detection device.
FIG. 5 is an explanatory diagram of an example of the equiva-
lent circuit in the state where the finger is in contact with or in
proximity to the touch detection device illustrated in FIG. 4.
FIG. 6 is a diagram of waveform examples of a touch-detec-
tion drive signal and a touch detection signal.
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[0074] The touch detecting device 30 operates based on the
basic principle of capacitive-type touch detection, and out-
puts a touch detection signal Vdet when detecting approach or
contact (hereinafter, also referred to as “touch operation” if
necessary) of an object (finger or touch pen, etc.). For
example, as illustrated in FIG. 2 and FIG. 4, a capacitive
element C1 has a pair of electrodes, a drive electrode E1 and
a touch detection electrode E2, which are arranged opposite
to each other with a dielectric body D interposed therebe-
tween. As illustrated in FIG. 3 and FIG. 5, the capacitive
element C1 is coupled at one end to an alternating-current
signal source (drive signal source) Sac, and a point P as the
other end of the capacitive element C1 (hereinafter, also
referred to as “the other end P”) is grounded via a resistor R
and is coupled to a voltage detector (touch detector) DET.
[0075] When an excitation signal Sg of a predetermined
frequency (e.g., about several kHz to several hundreds of
kHz) is applied from the alternating-current signal source Sac
to the drive electrode E1 (one end of the capacitive element
C1), an output waveform (touch detection signal Vdet)
appears in the touch detection electrode E2 (the other end P of
the capacitive element C1). The excitation signal Sg corre-
sponds to a touch-detection drive signal Vcomt explained
later.

[0076] In the state where a finger is not contact with (or in
proximity to) the touch detection device (non-contact state),
as illustrated in FIG. 2 and FIG. 3, a current |, according to a
capacitance of the capacitive element C1 flows in the capaci-
tive element C1 in association with charge and discharge of
the capacitive element C1. A potential waveform at the other
end P of the capacitive element C1 at this time is like, for
example, a waveform V, as illustrated in FIG. 6. The voltage
detector DET illustrated in FIG. 3 detects the waveform V.
[0077] Meanwhile, in the state where the finger is in contact
with (or in proximity to) the touch detection device (contact
state), as illustrated in FIG. 4, a capacitance formed by the
finger acts as if the capacitance as a capacitive element C2 is
applied to the capacitive element C1. It is understood from the
equivalent circuit illustrated in FIG. 5 that the capacitive
element C2 is linearly added to the capacitive element C1. In
this state, currents I, and I, flow in the capacitive elements C1
and C2 in association with charge and discharge of the capaci-
tive elements C1 and C2. A potential waveform at the other
end P of the capacitive element C1 at this time is like, for
example, a waveform V, of FIG. 6. The voltage detector DET
detects the waveform V. At this time, the potential at the
point P becomes a divided voltage potential determined by
values of the current I, and I, passing through the capacitive
elements C1 and C2. Therefore, the value of the waveform V,
is lower than that of the waveform V, in the non-contact state.
The voltage detector DET compares the detected voltage with
apredetermined threshold voltage Vth, and determines, if the
voltage is the threshold voltage Vth or higher, the state as the
non-contact state. If the voltage is less than the threshold
voltage Vth, then the voltage detector DET determines the
state as the contact state. Thus, the touch operation can be
detected.

[0078] Thetouch detecting device 30 illustrated in FIG. 11s
configured to sequentially scan drive signal applied blocks
one by one to detect a touch operation, according to the
touch-detection drive signal Vcomt transmitted from the
drive electrode driver 14.

[0079] The touch detecting device 30 is also configured to
output the touch detection signal Vdet for each drive signal
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applied block from a plurality of touch detection electrodes
TDL, explained later, to be supplied to the touch detection
unit 40.

[0080] The touch detection unit 40 is a circuit that detects
the presence or absence of a touch operation performed on the
touch detecting device 30 based on the control signal supplied
from the control unit 11 and the touch detection signal Vdet
supplied from the touch detecting device 30 of the display
unit with a touch detection function 10, and calculates coor-
dinates or the like of the touch operation in a touch detected
area when a touch operation is detected. The touch detection
unit 40 includes a touch-detection-signal amplifier 42, an
analog-to-digital (A/D) convertor 43, a signal processor with
a filter 44, a coordinate extractor 45, a noise detector 46, and
a detection-timing controller 47.

[0081] The touch-detection-signal amplifier 42 amplifies
the touch detection signal Vdet transmitted from the touch
detecting device 30. The touch-detection-signal amplifier 42
may include a low-pass analog filter that removes a high
frequency component (noise component) contained in the
touch detection signal Vdet, extracts a touch component, and
outputs the touch component. Each of input terminals of the
touch-detection-signal amplifier 42 is grounded via the resis-
tor R used to apply a direct current potential (0V). It may be
configured to provide, for example, a switch instead of the
resistor R and apply a direct current potential (0V) by turning
on the switch at a predetermined time.

[0082] The A/D convertor 43 is a circuit that samples each
analog signal output from the touch-detection-signal ampli-
fier 42 at a timing synchronized with the touch-detection
drive signal Vcomt and converts the sampled signal into a
digital signal.

[0083] The signal processor with a filter 44 includes a digi-
tal filter that removes a higher frequency component (noise
component) than the frequency at which the touch detection
signal Vdet is sampled and extracts a touch component
included in the output signal of the A/D convertor 43. The
signal processor with a filter 44 is a logic circuit that detects
the presence or absence of a touch performed on the touch
detecting device 30 based on the output signal of the A/D
convertor 43.

[0084] The coordinate extractor 45 is a logic circuit that
calculates, when the signal processor with a filter 44 detects a
touch operation, coordinates of the position thereof in the
touch detecting device 30. The detection-timing controller 47
performs the control so that the touch-detection-signal ampli-
fier 42, the A/D convertor 43, the signal processor with a filter
44, and the coordinate extractor 45 operate in synchronization
with one another. When noise is included in the output signal
of the signal processor with a filter 44, the noise detector 46
outputs a noise notification signal of a touch detection signal
to the control unit 11.

1-3. Display Unit with Touch Detection Function

[0085] A configuration example of the display unit with a
touch detection function 10 will be explained in detail below.
[0086] FIG. 7 is a main-portion cross-sectional view of the
display unit with a touch detection function. FIG. 8 is a
diagram of a circuit example of the display unit with a touch
detection function according to the first embodiment. The
display unit with a touch detection function 10 includes a
pixel substrate 2 as a first substrate, a counter substrate 3 as a
second substrate arranged opposite to the pixel substrate 2,
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and a liquid crystal layer 4 interposed between the pixel
substrate 2 and the counter substrate 3.

[0087] The pixel substrate 2 includes a thin film transistor
(TFT) substrate 21 as a circuit board and a plurality of pixel
electrodes 22 arranged in a matrix on the surface of the TFT
substrate 21. Formed on the TFT substrate 21 are, as illus-
trated in FIG. 8, wirings such as a pixel data line SGL for
transmitting a pixel signal Vpix to a TFT element Tr being a
drive element of each pixel Pix and to the pixel electrodes 22
and a scan data line GCL for driving each TFT element Tr.
The TFT substrate 21 is, for example, a glass substrate. The
liquid-crystal display unit 20 illustrated in FIG. 1 has a plu-
rality of pixels Pix arranged in a matrix. Each pixel Pix
includes the TFT element Tr and a liquid crystal element LC.
The TFT element Tr is, for example, a thin film transistor,
which is, in this case, an n-channel metal oxide semiconduc-
tor (MOS) TFT. A source of the TFT element Tr is coupled to
the pixel data line SGL,, a gate thereof is coupled to the scan
data line GCL, and a drain thereof is coupled to one end of the
liquid crystal element L.C. The liquid crystal element L.C is
coupled at one end to the drain of the TFT element Tr and is
coupled at the other end to the drive electrode COML.
[0088] The pixel Pix is mutually electrically coupled to the
other pixels Pix belonging to the same row of the liquid-
crystal display unit 20 through the scan data line GCL. The
scan data line GCL is electrically coupled to the gate driver 12
to be supplied with the scan signal Vscan from the gate driver
12. The pixel Pix is mutually electrically coupled to the other
pixels Pix belonging to the same column of the liquid-crystal
display unit 20 through the pixel data line SGL. The pixel data
line SGL is coupled to the source driver 13 to be supplied with
the pixel signal Vpix from the source driver 13. Moreover, the
pixel Pix is mutually electrically coupled to the other pixels
Pix belonging to the same row of the liquid-crystal display
unit 20 through the drive electrode COML. The drive elec-
trode COML is electrically coupled to the drive electrode
driver 14 to be transmitted with the drive signal Vcom (dis-
play drive signal Vcomd and touch-detection drive signal
Veomt) from the drive electrode driver 14. In other words,
this example is configured that the pixels Pix belonging to the
same row share one line of drive electrode COML.

[0089] The gate driver 12 illustrated in FIG. 1 applies the
scan signal Vscan to the gates of the TFT elements Tr of the
pixels Pix through the scan data line GCL illustrated in FIG.
8 to thereby sequentially select one row (one horizontal line),
as a target to be driven upon display, from among the pixels
Pix formed in the matrix in the liquid-crystal display unit 20.
The source driver 13 illustrated in FIG. 1 transmits the pixel
signal Vpix to each of the pixels Pix forming one horizontal
line sequentially selected by the gate driver 12 via the pixel
data line SGL. illustrated in FIG. 8. The pixels Pix are config-
ured so that one horizontal line is displayed according to the
transmitted pixel signal Vpix. The drive electrode driver 14
illustrated in FIG. 1 applies the display drive signal Vcomd to
drive the drive electrodes COML in each drive signal applied
block that includes a predetermined number of drive elec-
trodes COML illustrated in FIG. 7 and FIG. 8.

[0090] As explained above, the liquid-crystal display unit
20 drives the gate driver 12 so as to sequentially scan the scan
data line GCL, and one horizontal line is thereby sequentially
selected. The liquid-crystal display unit 20 is configured so
that the source driver 13 transmits the pixel signal Vpix to the
pixels Pix belonging to one horizontal line, and horizontal
lines are thereby displayed one by one. Upon the display
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operation, the drive electrode driver 14 applies the display
drive signal Vcomd to a drive signal applied block including
the drive electrodes COML corresponding to the one hori-
zontal line.

[0091] The counter substrate 3 includes a glass substrate
31, a color filter 32 formed on one face of the glass substrate
31, and the drive electrodes COML formed on the surface of
the color filter 32 which is on the opposite side to the glass
substrate 31. The touch detection electrodes TDL being
detection electrodes of the touch detecting device 30 are
provided on the other face of the glass substrate 31, and a
polarizer 35 is disposed on the surface of the touch detection
electrode TDL.

[0092] The color filter 32 is such that color filter layers in
three colors, for example, red (R), green (G), and blue (B) are
periodically arranged and a set of the three colors: R, G, and
B is associated with each of the pixels Pix illustrated in FIG.
8.

[0093] The drive electrode COML functions as a common
drive electrode of the liquid-crystal display unit 20 and also
functions as a drive electrode of the touch detecting device 30.
In the present embodiment, one drive electrode COML is
arranged so as to correspond to one pixel electrode 22 (a row
of pixel electrodes 22). The drive electrode COML is config-
ured so that a drive signal Vcom of a square waveform (the
display drive signal Vcomd and the touch-detection drive
signal Vcomt) is applied from the drive electrode driver 14 to
the drive electrodes COML via a contact conductive pillar
having conductive properties (not illustrated).

[0094] The liquid crystal layer 4 is used to modulate light
passing therethrough according to the state of an electric field.
A liquid crystal in various modes such as a twisted nematic
(TN) mode, a vertical alignment (VA) mode, and an electri-
cally controlled birefringence (ECB) mode can be is used for
the liquid crystal layer 4. An alignment film may be provided
between the liquid crystal layer 4 and the pixel substrate 2 and
between the liquid crystal layer 4 and the counter substrate 3,
and an incident-side polarizer may be disposed on the bottom
side of the pixel substrate 2.

[0095] FIG. 9 is a schematic diagram of an example of a
touch detecting device. The touch detecting device 30
includes the drive electrodes COML and the touch detection
electrodes TDL provided on the counter substrate 3. The drive
electrodes COML are divided into a plurality of stripe-shaped
electrode patterns extending along the horizontal direction in
the figure. Upon detection of a touch operation, the drive
electrode driver 14 sequentially supplies the touch-detection
drive signal Vcomt to each of the electrode patterns in a drive
signal applied block and performs sequential scan driving
toward the direction indicated by arrow SC.

[0096] The touch detection electrodes TDL have stripe-
shaped electrode patterns extending along a direction inter-
secting with an extending direction of the electrode patterns
of the drive electrodes COML. Each electrode pattern of the
touch detection electrodes TDL is coupled to an input of the
touch-detection-signal amplifier 42 of the touch detection
unit 40. The electrode patterns of the drive electrode COML
and the touch detection electrode TDL which intersect one
another forms a capacitance at the intersection.

[0097] By thus doing, the touch detecting device 30 is con-
figured to drive the drive electrode driver 14 so as to perform
sequential scanning on drive signal applied blocks when a
touch operation is detected, and thereby sequentially select
one drive signal applied block. At this time, the touch detect-
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ing device 30 outputs the touch detection signal Vdet from the
touch detection electrode TDL to thereby enable touch detec-
tion on one drive signal applied block. In other words, the
drive signal applied block corresponds to the drive electrode
E1 and the touch detection electrode TDL corresponds to the
touch detection electrode E2 in the detection principle of the
touch detection. The touch detecting device 30 detects atouch
operation according to the detection principle. As illustrated
in FIG. 9, the mutually intersecting electrode patterns are
obtained by forming capacitive-type touch sensors into a
matrix. Therefore, by scanning over an entire touch detection
surface of the touch detecting device 30, it is possible to detect
aposition where an object (finger F in the example of FIG. 9)
approaches or contacts the touch detection surface.

[0098] The liquid crystal element [.C corresponds to a spe-
cific example of “display element” according to the present
disclosure. The gate driver 12 and the drive electrode driver
14 correspond to a specific example of “scan drive unit”
according to the present disclosure. The drive electrode
COML corresponds to a specific example of “common drive
electrode” according to the present disclosure.

1-4. Operation of Display Device with Touch
Detection Function

[0099] An operation of the display device with a touch
detection function 1 will be explained below.

[0100] The drive electrode COML functions as a common
drive electrode of the liquid-crystal display unit 20 and also
functions as a drive electrode of the touch detecting device 30.
Because of this, the drive signals Vcom may possibly affect
each other. Therefore a display operation period being a
period for performing a display operation and a touch-opera-
tion detection period being a period for detecting a touch
operation are separated from each other, and the drive signal
Vcom is applied to the drive electrode COML in each of the
periods. The drive electrode driver 14 applies the drive signal
Vcom as a display drive signal to the drive electrode COML
in the display operation period. The drive electrode driver 14
applies the drive signal Vcom as a touch-detection drive sig-
nal to the drive electrode COML in the touch-operation detec-
tion period. In the following explanation, the drive signal
Vcom as the display drive signal is described as the display
drive signal Vcomd, and the drive signal Vcom as the touch-
detection drive signal is described as the touch-detection
drive signal Vcomt.

[0101] The control unit 11 transmits a control signal to the
gate driver 12, the source driver 13, the drive electrode driver
14, and the touch detection unit 40 based on the video signal
Vdisp transmitted from an external device, and controls these
units so as to operate in synchronization with one another.
The gate driver 12 transmits the scan signal Vscan to the
liquid-crystal display unit 20 in the display operation period,
and sequentially selects one horizontal line as a target to be
driven upon display. The source driver 13 supplies the pixel
signal Vpix to the pixels Pix included in one horizontal line
selected by the gate driver 12 in the display operation period.
[0102] The drive electrode driver 14 applies the display
drive signal Vcomd to the drive signal applied block accord-
ing to the one horizontal line in the display operation period.
The drive electrode driver 14 sequentially applies the touch-
detection drive signal Vcomt with a frequency higher than a
frequency of the display drive signal Vcomd to the drive
signal applied block according to the touch detection opera-
tion in the touch-detection operation period, and sequentially
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selects one drive signal applied block. The display unit with a
touch detection function 10 performs a display operation in
the display operation period based on the signals transmitted
from the gate driver 12, the source driver 13, and the drive
electrode driver 14. The display unit with a touch detection
function 10 detects a touch operation in the touch-detection
operation period based on the signal supplied from the drive
electrode driver 14 and outputs the touch detection signal
Vdet from the touch detection electrode TDL.

[0103] The touch-detection-signal amplifier 42 amplifies
and outputs the touch detection signal Vdet. The A/D conver-
tor 43 converts the analog signal output from the touch-
detection-signal amplifier 42 into a digital signal at a timing
synchronized with the touch-detection drive signal Vcomt.
The signal processor with a filter 44 detects the presence or
absence of a touch performed on the touch detecting device
30 based on the output signal of the A/D convertor 43. When
the signal processor with a filter 44 detects a touch operation,
the coordinate extractor 45 calculates touch panel coordinates
corresponding to a position of the touch operation in the touch
detecting device 30.

[0104] The detection-timing controller 47 performs the
control so that the touch-detection-signal amplifier 42, the
A/D convertor 43, the signal processor with a filter 44, and the
coordinate extractor 45 operate in synchronization with one
another. When noise is included in the output signal of the
signal processor with a filter 44, the noise detector 46 outputs
a noise notification signal of a touch detection signal to the
control unit 11. The control unit 11 controls the detection-
timing controller 47 to change the sampling frequency of the
touch-detection drive signal Vcomt.

1-5. Wiring Coupling Structure for Extracting Touch
Detection Signal from Touch Detection Electrode

[0105] FIG. 10 is a plan view of the display device with a
touch detection function according to the first embodiment.
FIG. 11 is a cross-sectional view of a wiring coupling struc-
ture of the touch detection electrode according to the first
embodiment. FIG. 12 is a plan view of the wiring coupling
structure of the touch detection electrode according to the first
embodiment. FIG. 13 is a cross-sectional view of a wiring
coupling structure of a touch detection electrode according to
a comparative example. FIG. 14 is a plan view of the wiring
coupling structure of the touch detection electrode according
to the comparative example. A coupling structure (hereinaf-
ter, also referred to as “wiring coupling structure™) of wiring
electrically coupled to the touch detection electrode TDL will
be explained below with reference to the figures. The wiring
coupling structure is provided to extract the touch detection
signal Vdet to the outside from the touch detection electrode
TDL of the display unit with a touch detection function 10
provided in the display device with a touch detection function
1.

[0106] An electronic component 5 illustrated in FIG. 10
includes at least one of, for example, the gate driver 12, the
source driver 13, and the drive electrode driver 14 illustrated
in FIG. 1. The electronic component 5 is controlled by the
control signal supplied from the control unit 11 illustrated in
FIG. 1. In the present embodiment, as illustrated in FIG. 10,
conductors 50 each being wiring are electrically coupled to
one ends of the touch detection electrodes TDL provided in
the display unit with a touch detection function 10, respec-
tively. In the present embodiment, each of the conductors 50
is, for example, conductive paste. The conductors 50 pass
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through the edge face of the counter substrate 3 on the end
side of the touch detection electrodes TDL to be electrically
coupled to an electrode 7 provided on the surface of the pixel
substrate 2. A flexible printed circuit (FPC) board 6 is also
electrically coupled to the electrode 7. With this wiring cou-
pling structure, the touch detection signal Vdet from the touch
detection electrode TDL is extracted to the outside of the
display unit with a touch detection function 10 via the con-
ductor 50, the electrode 7, and the FPC 6. The extracted touch
detection signal Vdet is input to, for example, the touch detec-
tion unit 40 illustrated in FIG. 1.

[0107] All of the pixel substrate 2, the counter substrate 3,
and a sealing member 9 provided therebetween illustrated in
FIG. 11 have a certain amount of thickness. The counter
substrate 3 is made smaller than the pixel substrate 2 so as not
to overlap the electronic component 5 of the pixel substrate 2.
Therefore, when the pixel substrate 2 and the counter sub-
strate 3 are faced with each other and are bonded to each other,
the thickness of the display unit with a touch detection func-
tion 10 sharply changes between the pixel substrate 2 and the
edge face of the counter substrate 3 on the end side of the
touch detection electrodes TDL. The sharp change in the
thickness causes a step 8 to form between the pixel substrate
2 and the edge face of the counter substrate 3 on the end side
of the touch detection electrodes TDL.

[0108] As illustrated in FIG. 11, outer peripheral portions
of'the pixel substrate 2 and the counter substrate 3 are bonded
to each other by the sealing member 9 to be sealed. However,
an outside portion of the sealing member 9 may sometimes
enter an inner side of an edge face 3T of the counter substrate
3. Therefore, a space S may be formed between the pixel
substrate 2 and the counter substrate 3 at the outside of the
sealing member 9. In therelated art, the space S may cause the
conductor 50 to be disconnected at the position of the step 8.
[0109] Inthe present embodiment, as illustrated in FIG. 11,
the display unit with a touch detection function 10 has a
conductor support member 51 between at least one edge face
3T of the counter substrate 3 and the pixel substrate 2. The
conductor support member 51 fills the space S between the
pixel substrate 2 and the counter substrate 3 at a position of at
least one edge face 3T of the counter substrate 3 or in a
protruding manner in a direction farther away from the seal-
ing member 9 than the position of the edge face 3T. The
conductors 50 is provided on the surface of the conductor
support member 51. In the example illustrated in FIG. 11, the
conductor support member 51 is a resin layer that covers a
portion at least from the edge face 37T to part of a surface 2P
of the pixel substrate 2 and of which size, i.e. thickness, in a
direction perpendicular to the surface 2P of the pixel substrate
2 orto a surface 3P of the counter substrate 3 becomes thinner
with the separation of the conductor support member 51 from
the edge face 3T. Various resins such as thermosetting resin
and ultraviolet (UV) cured resin can be used as the resin layer.
Particularly, a solventless type resin of which volume con-
traction is small upon drying or curing is preferred as the resin
layer. An application width of the pixel substrate 2 (width
from the step 8 to a resin edge) is preferably set to the thick-
ness of the step 8 or more. To form the conductor support
member 51, the resin may be applied a plurality of times.
[0110] In the present embodiment, the conductor support
member 51 covers the surface of the electrode 7 as a surface
of the pixel substrate 2. As illustrated in FIG. 7, the pixel
substrate 2 has the pixel electrodes 22 formed on the surface
of the TFT substrate 21 made of glass or so. However, the
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surface of the pixel substrate 2 includes, in addition to the
surface of the TFT substrate 21 itself, electrodes such as the
pixel electrodes 22 formed on the surface of the TFT substrate
21, wiring, protective films, and the like.

[0111] The conductor support member 51 protrudes in the
direction farther away from the sealing member 9 than the
position of the edge face 3T, and its thickness becomes thin-
ner with the separation thereof from the edge face 3T of the
counter substrate 3. Therefore, the conductor support mem-
ber 51 has a slope 51S formed between the edge face of the
counter substrate 3 and the surface 2P of the pixel substrate 2.
The slope 51S is formed to prevent the sharp change in the
thickness of the display unit with a touch detection function
10 at the position of the step 8. Moreover, the conductor
support member 51 is provided between the pixel substrate 2
and the counter substrate 3 to fill the space S. The wiring
coupling structure according to the present embodiment has
the conductors 50 formed on the surface (slope 51S) of the
conductor support member 51. The wiring coupling structure
according to the present embodiment electrically couples the
electrode 7 of the pixel substrate 2 and the touch detection
electrodes TDL of the counter substrate 3 using the conduc-
tors 50.

[0112] A display unit with a touch detection function 110
illustrated in FIG. 13 has a wiring coupling structure accord-
ing to a comparative example. The wiring coupling structure
according to the comparative example has a space S between
the counter substrate 3 and the pixel substrate 2 at the position
of'the step 8. A conductor 150 is conductive paste, and there-
fore, in the wiring coupling structure according to the com-
parative example, the conductor 150 enters the space S as
illustrated in F1G. 13. Because the space S is small in size, the
conductor 150 having entered the space S is spread by its
surface tension as illustrated in FIG. 14. A spread portion
150E of the conductive paste electrically couples adjacent
conductors 150 to each other, and this prevents ensuring
insulation between the adjacent conductors 150.

[0113] In the wiring coupling structure according to the
present embodiment, the conductor support member 51 fills
the space S as illustrated in FIG. 11. Because the conductor 50
is provided on the surface of the conductor support member
51, the conductor 50 is substantially prevented from entering
the space S. Therefore, as illustrated in FIG. 12, the spread of
the conductor 50 in the space S is substantially prevented,
which ensures insulation of the adjacent conductors 50. Thus,
the conductor 50 can exert the function as wiring for extract-
ing the touch detection signal Vdet from the touch detection
electrode TDL.

[0114] In the wiring coupling structure according to the
comparative example, as illustrated in FIG. 13, the conductor
150 covers the edge face 3T at the position of the step 8, and
this leads to a sharp change in the shape of the conductor 150
at a portion covering the edge face 3T, which causes discon-
nection thereof to easily occur. Because the wiring coupling
structure according to the present embodiment has such a
structure as above, the conductor support member 51 having
the slope 518 suppresses the sharp change in the shape of the
conductor 50. Thus, the wiring coupling structure according
to the present embodiment can reduce the possibility of dis-
connection of the conductor 50 at the step 8. Moreover,
because the conductor support member 51 is resin, it can be
more easily deformed as compared with glass or the like.
Therefore, even if a relative position between the counter
substrate 3 and the pixel substrate 2 changes, the deformation
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of'the conductor support member 51 allows absorption of the
change in the relative position between the counter substrate
3 and the pixel substrate 2. As a result, the deformation of the
conductor 50 due to the change in the relative position
between the counter substrate 3 and the pixel substrate 2 is
suppressed, thus further reducing the possibility of discon-
nection of the conductor 50.

[0115] The wiring coupling structure according to the
present embodiment electrically couples the touch detection
electrode TDL and the electrode 7 of the pixel substrate 2
using the conductor 50 made of conductive paste. Therefore,
electrical resistance can be reduced as compared with a case
in which indium tin oxide (ITO) is used for wiring. The
resistance of the conductor 50 using the conductive paste
decreases more than that of the case where ITO is used for
wiring, and a touch detection performance and a detection
speed are thereby improved. Particularly, in the in-cell type,
because the drive electrode is used as both the touch-detection
drive electrode and a common electrode for display, an effect
of improving a touch performance obtained by the present
embodiment is particularly increased. There is a wiring cou-
pling structure in which the FPC is electrically coupled to the
touch detection electrode TDL to extract a touch detection
signal Vdet from the touch detection electrode TDL. In this
wiring coupling structure, the electronic component 5 and the
FPC 6 illustrated in FIG. 10 overlap each other, and the
thickness of the display unit with a touch detection function
10 is thereby increased by the thickness of the FPC. The
wiring coupling structure according to the present embodi-
ment does not require the FPC to be overlapped with the
electronic component 5, and the conductors 50 can be
arranged so as to avoid the electronic component 5 mounted
on the pixel substrate 2. Therefore, an increase in the thick-
ness of the display unit with a touch detection function 10 can
be suppressed. In addition, by arranging the conductors 50
around the electronic component 5, interference with both of
them can be avoided. As the conductive paste, a paste material
including silver particle and resin can be used, for example. A
conductive material included in the conductive paste may be
copper, carbon, gold, conductive resin, or the like. The thick-
ness of the conductive paste is preferably set to a value so that
the conductive paste does not interfere with a member such as
a cover glass disposed on an observer side, and further pref-
erably set to the thickness of the polarizer or less. A lower
resistance of the conductive paste is preferable. To ensure the
function of the touch panel, any material having a surface
resistivity of 1Q/[ (€2/sq) or less is preferable. It is further
preferable for the conductive paste that the surface resistivity
from an upper stage to a lower stage of the step 8 is 100€2/[]
(Q/sq) or less.

[0116] In the example of FIG. 11, the conductor support
member 51 protrudes in the direction farther away from the
sealing member 9 than the position of the edge face 3T;
however, the conductor support member 51 may be provided
up to the position of the edge face 3T. That is, the conductor
support member 51 may be configured to fill the space S
between the counter substrate 3 and the pixel substrate 2 up to
the position of the edge face 3T. In the counter substrate 3 and
the pixel substrate 2 each of which is rectangular in the plan
view, the wiring coupling structure according to the present
embodiment may be applied to any location other than the
electronic component 5 side illustrated in FIG. 10. Therefore,
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the conductor support member 51 has only to be provided at
the position of at least one edge face 3T of the counter sub-
strate 3.

[0117] The in-cell type display unit with a touch detection
function 10 and the display device with a touch detection
function 1 including the same need to extract a detection
signal of the touch detection electrode TDL. The wiring cou-
pling structure according to the present embodiment has also
an advantage that the increase in the thickness of the display
unit with a touch detection function 10 or so can be sup-
pressed by applying this structure to such an in-cell type
display unit with a touch detection function 10 or so and
extracting the detection signal of the touch detection elec-
trode TDL via the pixel substrate 2 (hereinafter, the same as
above).

[0118] The present embodiment has explained the example
in which the display unit with a touch detection function 10 is
the in-cell type; however, the embodiment is not limited
thereto. For example, in the present embodiment, the display
unit with a touch detection function 10 may be an on-cell type
device in which the liquid-crystal display unit 20 and the
touch detecting device 30 illustrated in FIG. 1 are different
units.

[0119] When the display unit with a touch detection func-
tion 10 is the on-cell type, the drive electrodes COML are
provided on the counter substrate 3 as the second substrate. In
this way, in the present embodiment, at least one of the drive
electrodes COML and the touch detection electrodes TDL
has only to be provided on the counter substrate 3 as the
second substrate. The drive electrodes COML may be pro-
vided on any location, such as on the color filter side of the
counter substrate 3, on the opposite side to the color filter of
the counter substrate 3, or on the pixel substrate 2 as the first
substrate. Wiring on the step 8 using the conductive paste may
be coupled only to the drive electrodes COML, only to the
touch detection electrodes TDL, or to both of them.

[0120] Inthe present embodiment, the touch detection elec-
trode TDL and the drive electrode COML are rectangular in
the plan view; however, the embodiment is not limited
thereto. The touch detection electrode TDL and the drive
electrode COML may be formed, for example, in a rhombus
(diamond shape) in the plan view. When the display unit with
a touch detection function 10 is the on-cell type, the drive
electrode COML and the touch detection electrode TDL may
intersect with each other via the insulating layer or may be
insulated from each other by means of bridge connection.
When the display unit with a touch detection function 10 is
the in-cell type, a target to be coupled through the step 8 using
the conductor 50 has only to be the touch detection electrode
TDL. Therefore, in the present embodiment, the in-cell type
can simplify a manufacturing process more than that of the
on-cell type.

[0121] First Modification

[0122] FIG. 15 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to the
first modification of the first embodiment. The wiring cou-
pling structure provided in a display unit with a touch detec-
tion function 10a according to the present modification has a
structure as the conductor support member, as illustrated in
FIG. 15, in which a sealing member 94 is provided up to the
position of the edge face 3T of the counter substrate 3 or is
extended up to a position farther away from the edge face 3T.
In the example of FIG. 15, the sealing member 9a extends up
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to a position farther away from the edge face 37T, and this
portion is an extension portion 9E.

[0123] With this structure, the space S between the counter
substrate 3 and the pixel substrate 2 is filled with the sealing
member 9a. The conductors 50 cover the edge face 3T, the
sealing member 9a, and the surface of the electrode 7 pro-
vided on the surface 2P of the pixel substrate 2, and, as
explained above, the space S is filled with the sealing member
9a. Therefore, entering of the conductors 50 being the con-
ductive paste into the space S is substantially prevented. This
allows, as explained above, the spread of the conductor 50 in
the space S to be substantially prevented, thus ensuring the
insulation between the adjacent conductors 50. Accordingly,
the conductor 50 can exert the function as wiring for extract-
ing the touch detection signal Vdet from the touch detection
electrode TDL.

[0124] The extension portion 9E of the sealing member 9a
allows a sharp change in the shape of the conductor 50 pro-
vided across the step 8 to be suppressed. As a result, the
wiring coupling structure according to the present modifica-
tion enables a reduction in the possibility of the disconnection
of the conductor 50 at the step 8. In addition, because the
sealing member 9a is resin, it can be more easily deformed as
compared with glass or the like. Therefore, even if a relative
position between the counter substrate 3 and the pixel sub-
strate 2 changes, the deformation of the sealing member 9a
allows absorption of the change in the relative position
between the counter substrate 3 and the pixel substrate 2. As
a result, the deformation of the conductor 50 is suppressed,
thus further reducing the possibility of the disconnection of
the conductor 50. In the present modification, the sealing
member 9a is extended up to the position away from the edge
face 3T of the counter substrate 3; however, the sealing mem-
ber 94 has only to be provided up to at least the position of the
edge face 3T so as to fill the space S. Even if the structure is
formed in this way, it is also possible to prevent the spread of
the conductor 50 in the space S caused by the capillary phe-
nomenon, thus ensuring the insulation between the adjacent
conductors 50.

[0125] Second Modification

[0126] FIG. 16 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to the
second modification of the first embodiment. A wiring cou-
pling structure provided in a display unit with a touch detec-
tion function 1056 according to the present modification is
similar to the wiring coupling structure according to the first
modification. However, the wiring coupling structure accord-
ing to the present modification is different from the wiring
coupling structure according to the first modification in that
the size, i.e. thickness, in a direction perpendicular to the
surface 3P of the counter substrate 3 becomes thinner with
extension of the edge face 3T of the counter substrate 3
toward the outside of the counter substrate 3. The edge face
3T can be processed to such a shape as above by using a
processing method such as oblique scribing, sandblasting, or
glass etching.

[0127] The wiring coupling structure according to the
present modification can obtain the same action and effect as
these of the wiring coupling structure according to the first
modification. The edge face 3T of the counter substrate 3 is
inclined from the surface 3P of the counter substrate 3 toward
the sealing member 9a. Therefore, the wiring coupling struc-
ture according to the present modification enables to
smoothen a pathway, on which the conductor 50 is formed,
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from the touch detection electrode TDL formed on the surface
3P of the counter substrate 3 to the electrode 7 formed on the
surface 2P of the pixel substrate 2. As a result, the wiring
coupling structure according to the present modification pre-
vents the sharp change in the shape of the conductor 50
provided across the step 8, thus reducing the possibility of the
disconnection of the conductor 50 at the step 8.

[0128] Third Modification

[0129] FIG.17is aplan view of a wiring coupling structure
of a touch detection electrode according to the third modifi-
cation of the first embodiment. In the wiring coupling struc-
ture according to the present modification, where a structure
in which the conductor support member 51 or the sealing
member 9 as the conductor support member is provided up to
aposition away from the edge face 3T of the counter substrate
3, a portion where the conductor 50 is provided has hydro-
philic property and a portion where the conductor 50 is not
provided has water-repellent property. With this structure, the
conductor 50 is surely formed on the portion where the con-
ductive paste as the conductor 50 is to be provided, and
because the portion between adjacent conductors 50 is water-
repellent, adhesion of the conductive paste thereto can be
prevented. As a result, the adjacent conductors 50 can be
surely separated from each other, thus ensuring the insulation
between the conductors 50.

[0130] The wiring coupling structure according to the
present modification can be applied to the display units with
a touch detection function 10, 10q, and 105. A portion of
hydrophilic property (hydrophilic portion) 52 and a portion of
water-repellent property (water-repellent portion) 53 can be
formed by, for example, using hydrophobic reaction with
active radiation such as ultraviolet rays or patterning a mate-
rial with a contact angle different from a material of the step
8.

[0131] Fourth Modification

[0132] FIG. 18 is a plan view of a display device with a
touch detection function according to the fourth modification
of the first embodiment. As explained above, the conductors
50 are arranged around the position of the electronic compo-
nent 5 mounted on the pixel substrate 2 as illustrated in FIG.
10. The display unit with a touch detection function 10 illus-
trated in FIG. 10 has the conductors 50 arranged on one side
of'the electronic component 5. Whereas, as illustrated in FIG.
18, a display unit with a touch detection function 10c¢ accord-
ing to the present modification has the conductors 50
arranged on both sides of the electronic component 5. With
this arrangement, interference between the conductors 50 and
the electronic component 5 can be avoided, and concentration
of the conductors 50 to one side of the electronic component
5 can be prevented. The wiring coupling structure with the
conductors 50 arranged on both sides of the electronic com-
ponent 5 can also be applied to the display units with a touch
detection function 10, 10a, and 105.

1-6. Method of Manufacturing Display Device with
Touch Detection Function

[0133] FIG.19is a flowchart of a method of manufacturing
the display device with a touch detection function according
to the first embodiment. The method of manufacturing the
display device with a touch detection function is a method of
manufacturing the display device with a touch detection func-
tion 10 illustrated in FIG. 11 and FI1G. 12. First of all, the pixel
substrate 2 and the counter substrate 3 are bonded to each
other by the sealing member 9 illustrated in FIG. 11 (Step
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S101). Subsequently, wiring required for the pixel substrate 2
and the counter substrate 3 is formed (Step S102). At this
stage, a plurality of display units with a touch detection func-
tion 10 are connected to each other as one unit. Therefore, the
display units with a touch detection function 10 are cut off
(scribed) into separate display units with a touch detection
function 10 (Step S103).

[0134] Thereafter, the space between the pixel substrate 2
and the counter substrate 3 is injected with a liquid crystal and
an injection hole is sealed (Step S104). Thus, the liquid crys-
tal layer 4 illustrated in FIG. 11 is formed. The conductor
support member 51 illustrated in FIG. 11 is then formed on
the edge face 3T of the counter substrate 3 in a direction along
which the touch detection electrode TDL is extended on the
electrode 7 side illustrated in FIG. 11 (electronic component
5 side illustrated in FIG. 10) (Step S105). The conductor
support member 51 can be formed by applying resin to the
edge face 3T using, for example, a dispenser or the like.
Subsequently, the conductor 50 is formed on the surface of the
conductor support member 51 (Step S106), to electrically
couple the touch detection electrode TDL and the electrode 7
of'the pixel substrate 2. The conductor 50 can be obtained by
forming a pattern of the conductive paste on the surface of the
conductor support member 51 using, for example, a dis-
penser, printing, or ink jet. A solventless type is preferably
used as the conductive paste because there is less volume
reduction. As is understood from the procedure, the liquid
crystal is injected and then the conductor 50 is formed. There-
fore, to reduce the influence of temperature on the liquid
crystal, it is preferable to use the conductor 50 which is cured
at comparatively low temperature.

[0135] The display unit with a touch detection function 10
is manufactured in this manner. In addition, by coupling
required wiring to the finished display unit with a touch
detection function 10 or by attaching a cover or so thereto, the
display device with a touch detection function is completed.
[0136] FIG. 20 is a flowchart of another method of manu-
facturing the display device with a touch detection function
according to the first embodiment. The method of manufac-
turing the display device with a touch detection function is a
method of manufacturing the display device with a touch
detection function 10q illustrated in FIG. 15. First of all, the
pixel substrate 2 and the counter substrate 3 are bonded to
each other by the sealing member 9a illustrated in FIG. 15 and
the sealing member 9a is extended up to a position away from
the edge face 3T of the counter substrate 3, to thereby form the
conductor support member (Step S201). Step S202 to Step
S204 are the same as Step S102 to Step S104, and explanation
thereof is therefore not repeated.

[0137] After the liquid crystal is injected and the injection
hole is sealed, the conductor 50 is provided on the edge face
3T side of the counter substrate 3 in the direction along which
the touch detection electrode TDL is extended on the elec-
trode 7 side illustrated in FIG. 15 (electronic component 5
side illustrated in FIG. 10) (Step S105), to electrically couple
the touch detection electrode TDL and the electrode 7 of the
pixel substrate 2. When the display unit with a touch detection
function 105 illustrated in FIG. 16 is to be manufactured, the
edge face 3T of the counter substrate 3 is processed after the
cut-oft at Step S203. Specifically, the edge face 3T of the
counter substrate 3 in the direction along which the touch
detection electrode TDL is extended on the electrode 7 side
(electronic component 5 side illustrated in FIG. 10) is
obliquely processed by scribing or so. The display unit with a
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touch detection function 105 is manufactured in this manner.
In addition, by coupling required wiring to the finished dis-
play unit with a touch detection function 105 or by attaching
acover or so thereto, the display device with a touch detection
function is completed.

2. Second Embodiment

2-1. Wiring Coupling Structure

[0138] FIG. 21 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to a
second embodiment. FIG. 22 is a plan view of the wiring
coupling structure of the touch detection electrode according
to the second embodiment. A wiring coupling structure pro-
vided in a display unit with a touch detection function 104
electrically couples the touch detection electrode TDL and
the electrode 7 via a wiring member 54. The wiring member
54 includes a conductor 55 that electrically couples at least
the touch detection electrode TDL and the electrode 7 pro-
vided on the surface 2P of the pixel substrate 2, and a base
material 56 for supporting the conductor 55. The wiring
member 54 is provided between the counter substrate 3 and
the pixel substrate 2 to electrically couple the touch detection
electrode TDL and the electrode 7.

[0139] FIG. 23 to FIG. 25 are diagrams of the wiring mem-
ber. The wiring member 54 illustrated in FIG. 23 has a plu-
rality of conductors 55 arranged in a row at predetermined
intervals on the base material 56 such as resin. The base
material 56 preferably has insulation properties. The base
material 56 may be transparent or translucent. Used for the
base material 56 are, for example, polyethylene terephthalate
(PET), polycarbonate, and polyimide. As illustrated in FIG.
24, the base material 56 is a plate member which is rectangle
in the plan view. The base material 56 has flexibility. The
conductor 55 is also rectangle in the plan view. In the present
embodiment, the conductor 55 is an adhesive layer having
conductivity. Examples of the adhesive layer having conduc-
tivity include, but not limited to, a conductive tape, conduc-
tive resin, and those in which conductive particles are dis-
persed into the adhesive layer. A wiring member 54A
illustrated in FIG. 25 includes a non-conductive adhesive
layer 57 arranged between adjacent conductors 55. By pro-
viding the non-conductive adhesive layer 57 between the
adjacent conductors 55 in this way, the adjacent conductors
55 can be surely insulated from each other.

[0140] The wiring members 54 and 54 A use the conductive
adhesive layer as the conductor 55. Therefore, when the wir-
ing members 54 and 54 A are used, the conductor 55 is pressed
onto the touch detection electrode TDL or onto wiring pulled
out of the touch detection electrode TDL, onto the electrode 7
of'the pixel substrate 2 or wiring pulled out of the electrode 7,
and the like, and this enables conduction between these com-
ponents and the conductor 55. As a result, by using the wiring
member 54, manufacturing of the display unit with a touch
detection function 104 and the display device with a touch
detection function including the same is facilitated.

[0141] As illustrated in FIG. 21 and FIG. 22, the wiring
member 54 is provided along a portion of the step 8, so that
the wiring pulled out of the touch detection electrode TDL of
the counter substrate 3 and the wiring pulled out of the elec-
trode 7 provided on the pixel substrate 2 are electrically
coupled to each other by using the conductor 55. In the wiring
member 54, although the conductor 55 is opposed to the edge
face 3T, the conductor 55 is arranged apart from the edge face

Jun. 19, 2014

3T. Moreover, as explained above, because the conductors 55
are arranged on the wiring member 54 at predetermined inter-
vals, the conductive paste does not spread over the space
between the counter substrate 3 and the pixel substrate 2. In
addition, the base material 56 has flexibility, thus reducing the
possibility of disconnection of the conductor 55 supported by
the base material 56.

[0142] FIG. 26 is a cross-sectional view of a wiring cou-
pling structure of a touch detection electrode according to
modification of the second embodiment. FIG. 27 is a plan
view of the wiring coupling structure of the touch detection
electrode according to the modification of the second
embodiment. The wiring coupling structure of the display
unit with a touch detection function 104 illustrated in FIG. 21
and FIG. 22 electrically couples the wiring pulled out of the
touch detection electrode TDL and the wiring pulled out of
the electrode 7 provided on the pixel substrate 2 using the
conductor 55 of the wiring member 54. On the other hand, a
wiring coupling structure of a display unit with a touch detec-
tion function 10e illustrated in FIG. 26 and FIG. 27 electri-
cally couples the touch detection electrode TDL and the elec-
trode 7 provided on the pixel substrate 2 using a conductor
55¢ of a wiring member 54e. In other words, the conductor
55¢ of the wiring member 54¢ is used as both the wiring
pulled out of the touch detection electrode TDL and the
wiring pulled out of the electrode 7. By thus doing, there is no
need to form the wiring pulled out of the touch detection
electrode TDL and the wiring pulled out of the electrode 7 on
the counter substrate 3 and the pixel substrate 2 respectively.
Therefore, the time taken to manufacture the display unit with
a touch detection function 10e can be reduced. The wiring
member 54¢ has a base material 56e which is larger in size, by
an extended portion of the conductor 55¢, than that of the
wiring member 54 provided in the display unit with a touch
detection function 104 illustrated in FIG. 21 and FIG. 22.

2-2. Method of Manufacturing Display Device with
Touch Detection Function

[0143] FIG. 28 is a flowchart of a method of manufacturing
the display device with a touch detection function according
to the second embodiment. Step S301 to Step S304 in the
manufacturing method are the same as Step S101 to Step
S104 in the above-described manufacturing method (see FIG.
19), and the explanation thereof is therefore not repeated.
After the liquid crystal is injected and the injection hole is
sealed, the wiring member 54 (54A, 54¢) is provided on the
edge face 3T side of the counter substrate 3 on the electrode
7 side illustrated in FIG. 21 and FIG. 26 in a direction along
which the touch detection electrode TDL is extended. The
touch detection electrode TDL and the electrode 7 of the pixel
substrate 2 are then electrically coupled to each other via the
conductor 55 of the wiring member 54. The display units with
a touch detection function 104 and 10e are manufactured in
this manner. In addition, by coupling required wiring to the
finished display units with a touch detection function 104 and
10e or by attaching a cover or so thereto, the display device
with a touch detection function is completed.

3. Application Examples

[0144] As application examples according to the present
disclosure, examples of applying the display device with a
touch detection function 1 to an electronic apparatus will be
explained below.
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[0145] FIG. 29 to FIG. 40 are diagrams of examples of an
electronic apparatus including the display device with a touch
detection function according to the present embodiment. The
display device with a touch detection function 1 can be
applied to electronic apparatuses in all areas such as televi-
sion devices, digital cameras, notebook personal computers,
portable electronic apparatuses such as mobile phones, or
video cameras. In other words, the display device with a touch
detection function 1 can be applied to electronic apparatuses
in all areas that display an externally input video signal or an
internally generated video signal as an image or a video.

Application Example 1

[0146] The electronic apparatus illustrated in FIG. 29 is a
television device to which the display device with a touch
detection function 1 is applied. Examples of the television
device include, but are not limited to, a video display screen
unit 510 including a front panel 511 and a filter glass 512, and
the display device with a touch detection function 1 is applied
to the video display screen unit 510. In other words, the screen
of the television device has a function of detecting a touch
operation in addition to a function of displaying an image.

Application Example 2

[0147] The electronic apparatus illustrated in FIG. 30 and
FIG. 31 is a digital camera to which the display device with a
touch detection function 1 is applied. Examples of the digital
camera include, but are not limited to, a light emitting unit
521 for a flash, a display unit 522, a menu switch 523, and a
shutter button 524, and the display device with a touch detec-
tion function 1 is applied to the display unit 522. Therefore,
the display unit 522 of the digital camera has the function of
detecting a touch operation in addition to the function of
displaying an image.

Application Example 3

[0148] The electronic apparatus illustrated in FIG. 32 rep-
resents an appearance of a video camera to which the display
device with a touch detection function 1 is applied. Examples
of the video camera include, but are not limited to, a main
body 531, a lens 532 for photographing a subject provided on
the front side face of the main body 531, a start/stop switch
533 in photographing, and a display unit 534. The display
device with a touch detection function 1 is applied to the
display unit 534. Therefore, the display unit 534 of the video
camera has the function of detecting a touch operation in
addition to the function of displaying an image.

Application Example 4

[0149] The electronic apparatus illustrated in FIG. 33 is a
notebook personal computer to which the display device with
a touch detection function 1 is applied. Examples of the
notebook personal computer include, but are not limited to, a
main body 541, a keyboard 542 for performing an input
operation of text and the like, and a display unit 543 that
displays an image. The display device with a touch detection
function 1 is applied to the display unit 543. Therefore, the
display unit 543 of the notebook personal computer has the
function of detecting a touch operation in addition to the
function of displaying an image.
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Application Example 5

[0150] The electronic apparatus illustrated in FIG. 34 to
FIG. 40 is a mobile phone to which the display device with a
touch detection function 1 is applied. The mobile phone is
configured to couple, for example, an upper housing 551 and
a lower housing 552 with a coupling portion (hinge portion)
553, and include a display 554, a sub-display 555, a picture
light 556, and a camera 557. The display device with a touch
detection function 1 is installed into the display 554. There-
fore, the display 554 of the mobile phone has the function of
detecting a touch operation in addition to the function of
displaying an image.

4. Aspects of Present Disclosure

[0151] The present disclosure includes aspects as follows.
[0152] (1) A display device with a touch detection function
comprising:

[0153] a plurality of drive elements that perform a display

operation based on a pixel signal and a display drive signal;
[0154] atouch detection electrode that detects proximity or
contact of an object based on an excitation signal;

[0155] adrive electrode to which the excitation signal fluc-
tuated at least in level at a predetermined cycle is applied in
order to detect the proximity or the contact of the object;

[0156] a first substrate on which the drive elements are
provided;
[0157] asecond substrate on which at least one of the touch

detection electrode and the drive electrode is provided, the
second substrate being bonded to the first substrate to face
each other via a sealing member;

[0158] a conductor that electrically is coupled to at least
one of the touch detection electrode and the drive electrode;
and

[0159] a conductor support member that fills a space
between the first substrate and the second substrate at a posi-
tion of at least one edge face of the second substrate or in a
manner protruding in a direction farther away from the seal-
ing member than the position of the edge face, and on the
surface of which the conductor is provided.

[0160] (2) The display device with a touch detection func-
tion according to (1), wherein the conductor support member
is a resin layer configured to

[0161] coveratleast a portion from the edge face to a part of
a surface of the first substrate, and

[0162] become smaller in size in a direction perpendicular
to the surface of the first substrate with the separation thereof
from the edge face.

[0163] (3) The display device with a touch detection func-
tion according to (1), wherein the conductor support member
is the sealing member that is provided up to a position of the
edge face or up to a position away from the edge face.
[0164] (4) The display device with a touch detection func-
tion according to (3), wherein the edge face is configured to
become smaller in size in a direction perpendicular to a sur-
face of the second substrate with extension thereof toward the
outside of the second substrate.

[0165] (5) The display device with a touch detection func-
tion according to (1), wherein the conductor is conductive
paste.

[0166] (6) The display device with a touch detection func-
tion according to (1), wherein the conductor support member
includes
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[0167] a portion where the conductor is provided and has
hydrophilic property, and

[0168] a portion where no conductor is provided and has
water-repellent property.

[0169] (7) The display device with a touch detection func-
tion according to (1), wherein the conductor is provided
around a position of an electronic component mounted on the
first substrate.

[0170] (8) The display device with a touch detection func-
tion according to (7), wherein the conductor is provided in
plurality and includes one provided on one side of the elec-
tronic component and another provided on another side
thereof.

[0171] (9) A display device with a touch detection function
comprising:
[0172] a plurality of drive elements that perform a display

operation based on a pixel signal and a display drive signal;
[0173] atouch detection electrode that detects proximity or
contact of an object based on an excitation signal;

[0174] a first substrate on which the drive elements are
provided;
[0175] a second substrate on which the touch detection

electrode is provided, the second substrate being bonded to
the first substrate to face each other via a sealing member; and
[0176] a wiring member that includes

[0177] a conductor for electrically coupling at least the

touch detection electrode and an electrode provided on a
surface of the first substrate and

[0178] a base material for supporting the conductor,
[0179] and that is provided between the second substrate
and the first substrate.
[0180] (10) The display device with a touch detection func-
tion according to (9), wherein the wiring member is provided
around a position of an electronic component mounted on the
first substrate.
[0181] (11) An electronic apparatus comprising:
[0182] a display device with a touch detection function
according to (1).
[0183] (12) A method of manufacturing a display device
with a touch detection function, the method comprising:
[0184] bonding afirst substrate on which a plurality of drive
elements are formed and a second substrate on which a touch
detection electrode is formed using a sealing member;
[0185] injecting liquid crystal into between the first sub-
strate and the second substrate and sealing an injection hole;
[0186] providingaresinlayer atleast on an edge face where
the touch detection electrode of the second substrate is pulled
out and a portion of a surface of the first substrate; and
[0187] providing a conductor electrically coupling to the
touch detection electrode on a surface of the resin layer.
[0188] (13) A method of manufacturing a display device
with a touch detection function, the method comprising:
[0189] bonding afirst substrate on which a plurality of drive
elements are formed and a second substrate on which a touch
detection electrode is formed via sealing member that is pro-
truded at least from an edge face where the touch detection
electrode of the second substrate is pulled out;
[0190] injecting liquid crystal into between the first sub-
strate and the second substrate and sealing an injection hole;
and providing a conductor for electrically coupling the touch
detection electrode of the second substrate and an electrode
provided on a surface of the first substrate.
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[0191] (14) The method of manufacturing a display device
with a touch detection function according to (13), the method
further comprising:
[0192] processing at least the edge face where the touch
detection electrode of the second substrate is pulled out so
that a size of the edge face in a direction perpendicular to a
surface of the second substrate becomes smaller with exten-
sion of the edge face toward the outside of the second sub-
strate.
[0193] The display device with a touch detection function
and the electronic apparatus with the same according to the
present disclosure includes the conductor support member
that fills a space between the first substrate and the second
substrate and has the conductor as wiring provided on its
surface. Because the conductor support member fills the
space between the first substrate and the second substrate,
even if the conductor such as conductive paste is provided on
the surface of the conductor support member, entering of the
conductor into the space and spread thereof can be prevented.
As aresult, the present disclosure is capable of surely exerting
the function of the wiring for electrically coupling both of the
substrates, outside the substrates.
[0194] The display device with a touch detection function
and the electronic apparatus with the same according to the
present disclosure use the wiring member that includes the
conductor for electrically coupling the touch detection elec-
trode and the electrode provided on the surface of the first
substrate and the base material for supporting the conductor,
and arrange the conductor which is separated from the space
between the first substrate and the second substrate. As a
result, the present disclosure is capable of surely exerting the
function of the wiring for electrically coupling both of the
substrates, outside the substrates.
[0195] The method of manufacturing a display device with
atouch detection function according to the present disclosure
is capable of manufacturing the display device with a touch
detection function according to the present disclosure.
[0196] According to one aspect of the present disclosure,
the function of the wiring for electrically coupling between
the both of the substrates can be surely exerted at the outer
side thereof.
[0197] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.
The invention is claimed as follows:
1. A display device with a touch detection function com-
prising:
a plurality of drive elements that perform a display opera-
tion based on a pixel signal and a display drive signal;
a touch detection electrode that detects proximity or con-
tact of an object based on an excitation signal;
adrive electrode to which the excitation signal fluctuated at
least in level at a predetermined cycle is applied in order
to detect the proximity or the contact of the object;
a first substrate on which the drive elements are provided;
a second substrate on which at least one of the touch detec-
tion electrode and the drive electrode is provided, the
second substrate being bonded to the first substrate to
face each other via a sealing member;
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a conductor that electrically is coupled to at least one of the

touch detection electrode and the drive electrode; and

a conductor support member that fills a space between the

first substrate and the second substrate at a position of at
least one edge face ofthe second substrate or in a manner
protruding in a direction farther away from the sealing
member than the position of the edge face, and on the
surface of which the conductor is provided.

2. The display device with a touch detection function
according to claim 1, wherein the conductor support member
is a resin layer configured to

cover at least a portion from the edge face to a part of a

surface of the first substrate, and

become smaller in size in a direction perpendicular to the

surface of the first substrate with the separation thereof
from the edge face.

3. The display device with a touch detection function
according to claim 1, wherein the conductor support member
is the sealing member that is provided up to a position of the
edge face or up to a position away from the edge face.

4. The display device with a touch detection function
according to claim 3, wherein the edge face is configured to
become smaller in size in a direction perpendicular to a sur-
face of the second substrate with extension thereof toward the
outside of the second substrate.

5. The display device with a touch detection function
according to claim 1, wherein the conductor is conductive
paste.

6. The display device with a touch detection function
according to claim 1, wherein the conductor support member
includes

a portion where the conductor is provided and has hydro-

philic property, and

a portion where no conductor is provided and has water-

repellent property.

7. The display device with a touch detection function
according to claim 1, wherein the conductor is provided
around a position of an electronic component mounted on the
first substrate.

8. The display device with a touch detection function
according to claim 7, wherein the conductor is provided in
plurality and includes one provided on one side of the elec-
tronic component and another provided on another side
thereof.

9. A display device with a touch detection function com-
prising:

a plurality of drive elements that perform a display opera-

tion based on a pixel signal and a display drive signal;

a touch detection electrode that detects proximity or con-

tact of an object based on an excitation signal;

a first substrate on which the drive elements are provided;

a second substrate on which the touch detection electrode

is provided, the second substrate being bonded to the
first substrate to face each other via a sealing member;
and

13
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a wiring member that includes
a conductor for electrically coupling at least the touch
detection electrode and an electrode provided on a
surface of the first substrate and

a base material for supporting the conductor,

and that is provided between the second substrate and the

first substrate.

10. The display device with a touch detection function
according to claim 9, wherein the wiring member is provided
around a position of an electronic component mounted on the
first substrate.

11. An electronic apparatus comprising:

a display device with a touch detection function according
to claim 1.
12. A method of manufacturing a display device with a
touch detection function, the method comprising:
bonding a first substrate on which a plurality of drive
elements are formed and a second substrate on which a
touch detection electrode is formed using a sealing
member;
injecting liquid crystal into between the first substrate and
the second substrate and sealing an injection hole;
providing a resin layer at least on an edge face where the
touch detection electrode of the second substrate is
pulled out and a portion of a surface of the first substrate;
and
providing a conductor electrically coupling to the touch
detection electrode on a surface of the resin layer.
13. A method of manufacturing a display device with a
touch detection function, the method comprising:

bonding a first substrate on which a plurality of drive
elements are formed and a second substrate on which a
touch detection electrode is formed via sealing member
that is protruded at least from an edge face where the
touch detection electrode of the second substrate is
pulled out;

injecting liquid crystal into between the first substrate and
the second substrate and sealing an injection hole; and

providing a conductor for electrically coupling the touch
detection electrode of the second substrate and an elec-
trode provided on a surface of the first substrate.

14. The method of manufacturing a display device with a
touch detection function according to claim 13, the method
further comprising:

processing at least the edge face where the touch detection

electrode of the second substrate is pulled out so that a
size of the edge face in a direction perpendicular to a
surface of the second substrate becomes smaller with
extension of the edge face toward the outside of the
second substrate.
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