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DISPLAY DEVICE WITH TOUCH
DETECTION FUNCTION

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 17/960,368, filed Oct. 5, 2022,
which application is a continuation of U.S. patent applica-
tion Ser. No. 17/139,215, filed on Dec. 31, 2020, issued as
U.S. Pat. No. 11,500,485 on Nov. 15, 2022, which applica-
tion is a continuation of U.S. patent application Ser. No.
14/163,094 filed Jan. 24, 2014, issued as U.S. Pat. No.
10,884,554 on Jan. 5, 2021, which claims priority to Japa-
nese Priority Patent Application JP 2013-012647 filed in the
Japan Patent Office on Jan. 25, 2013, and Japanese Priority
Patent Application JP 2014-009863 filed in the Japan Patent
Office on Jan. 22, 2014 the entire content of which is hereby
incorporated by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a display device
and an electronic apparatus capable of detecting an external
proximity object, and in particular, to a display device with
a touch detection function and an electronic apparatus
capable of detecting an external proximity object, which is
externally positioned in proximity, based on a change in an
electrostatic capacitance.

2. Description of the Related Art

[0003] Inrecent years, a touch detection device capable of
detecting an external proximity object, what is called a touch
panel, has been attracting attention. The touch panel is used
in a display device with a touch detection function which is
mounted on or integrated into a display device such as a
liquid crystal display device. The display device with a
touch detection function displays various button images, or
the like, on the display device to allow for information input
with the use of the touch panel provided as a substitute for
typical mechanical buttons. The display device with a touch
detection function having such a touch panel does not
require input devices such as a keyboard, a mouse, and a
keypad. Therefore, as well as in computers, the use thereof
has been expanding also in personal informations devices
such as mobile phones.

[0004] As a system used in a touch detection device, there
are some systems such as an optical type, a resistance type,
and a capacitance type. A capacitance type touch detection
device, which is used for a portable electronic apparatus or
the like, has a relatively simple configuration and is capable
of achieving low power consumption. For example, Japa-
nese Patent Application Laid-open Publication No. 2012-
221485 (JP-A-2012-221485) describes a capacitance type
touch panel.

[0005] In a display panel with a touch detection function,
there is a possibility that an operation for touch detection
influences display, for example, since a display function and
a touch detection function are integrated together. On the
contrary, the display device with a touch detection function
described in JP-A-2012-221485 can reduce an effect on
display even when touch detection is performed. The display
device with a touch detection function described in JP-A-
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2012-22148S5 includes a drive unit for selectively applying a
direct-current drive voltage VcomDC or an alternating cur-
rent drive signal VcomAC to a drive electrode. In this
display panel with a touch detection function, while display
elements are driven for display, a drive signal is applied to
the drive electrode and a signal corresponding to that drive
signal is outputted from a touch detection electrode. Thus,
two wirings for respectively supplying the DC drive voltage
VeomDC and the AC drive signal VcomAC to the drive
electrode need to be arranged in a frame area.

[0006] In the above-described display device with a touch
detection function described in JP-A-2012-221485, consid-
eration is not made for both of reducing the effect of the
operation for touch detection on display and narrowing the
frame.

[0007] For the foregoing reasons, there is a need for a
display device with a touch detection function and an
electronic apparatus capable of narrowing a frame while
reducing an effect of touch detection on display.

SUMMARY

[0008] According to an aspect, a display device with a
touch detection function includes: a display area where a
plurality of pixel electrodes are arranged in a matrix shape
above a substrate; multi-divided drive electrodes provided
s0 as to face the pixel electrodes; a display functional layer
having an image display function of displaying an image on
the display area; a control device for performing image
display control by applying a display drive voltage between
the pixel electrodes and the drive electrodes based on an
image signal to exert the image display function of the
display functional layer; a touch detection electrode facing
the drive electrodes and forming a capacitance between the
touch detection electrode and the drive electrodes; a touch
detection unit for detecting a position of a proximity object
based on a detection signal from the touch detection elec-
trode; a wiring arranged in a frame area positioned outside
the display area; and a plurality of selection switches for
selecting the drive electrodes to be coupled to the wiring
based on a selection signal of the control device. The control
device supplies the display drive voltage and a touch drive
signal to the same wiring at different times.

[0009] According to another aspect, an electronic appara-
tus includes a display device with a touch detection function
capable of detecting an external proximity object. The
display device with a touch detection function includes: a
display area where a plurality of pixel electrodes are
arranged in a matrix shape above a substrate; multi-divided
drive electrodes provided so as to face the pixel electrodes;
a display functional layer having an image display function
of displaying an image on the display area; a control device
for performing image display control by applying a display
drive voltage between the pixel electrodes and the drive
electrodes based on an image signal to exert the image
display function of the display functional layer; a touch
detection electrode facing the drive electrodes and forming
a capacitance between the touch detection electrode and the
drive electrodes; a touch detection unit for detecting a
position of a proximity object based on a detection signal
from the touch detection electrode; a wiring arranged in a
frame area positioned outside the display area; and a plu-
rality of selection switches for selecting the drive electrodes
to be coupled to the wiring based on a selection signal of the
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control device. The control device supplies the display drive
voltage and a touch drive signal to the same wiring at
different times.

[0010] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0011] FIG. 1 is a block diagram representing a configu-
ration example of a display device with a touch detection
function according to a first embodiment;

[0012] FIG.2 is an explanatory diagram for explaining the
basic principle of a capacitance type touch detection system,
representing a state where a finger is neither in contact with
nor in proximity to the device;

[0013] FIG. 3 is an explanatory diagram illustrating an
example of an equivalent circuit of the state illustrated in
FIG. 2 where a finger is neither in contact with nor in
proximity to the device;

[0014] FIG. 4 is an explanatory diagram for explaining the
basic principle of the capacitance type touch detection
system, representing a state where a finger is in contact with
or in proximity to the device;

[0015] FIG. 5 is an explanatory diagram illustrating an
example of an equivalent circuit of the state illustrated in
FIG. 4 where a finger is in contact with or in proximity to
the device;

[0016] FIG. 6 is a chart representing an example of
waveforms of a drive signal and a touch detection signal;
[0017] FIG. 7 is a diagram illustrating an example of a
module in which the display device with a touch detection
function according to the first embodiment is mounted;
[0018] FIG. 8 is a cross-sectional view representing a
schematic cross-sectional structure of a display unit with a
touch detection function according to the first embodiment;
[0019] FIG. 9 is a circuit diagram representing a pixel
array of the display unit with a touch detection function
according to the first embodiment;

[0020] FIG. 10 is a schematic diagram for explaining a
relationship between a source driver and pixel signal lines in
a module in which the display device with a touch detection
function according to the first embodiment is mounted;
[0021] FIG. 11 is a perspective view representing a con-
figuration example of drive electrodes and touch detection
electrodes in the display device with a touch detection
function according to the first embodiment;

[0022] FIG. 12 is a schematic diagram representing an
operation example of touch detection in the display device
with a touch detection function according to the first
embodiment;

[0023] FIG. 13 is a schematic diagram representing the
operation example of the touch detection in the display
device with a touch detection function according to the first
embodiment;

[0024] FIG. 14 is a schematic diagram representing the
operation example of the touch detection in the display
device with a touch detection function according to the first
embodiment;

[0025] FIG. 15 is an explanatory diagram for explaining
display and the touch detection operation in the display
device with a touch detection function according to the first
embodiment;
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[0026] FIG. 16 is a block diagram illustrating a drive
signal generator of a drive electrode driver according to the
first embodiment;

[0027] FIG. 17 is a block diagram illustrating the drive
electrode driver according to the first embodiment;

[0028] FIG. 18 is an explanatory diagram for illustrating
exemplary timing waveforms in the display device with a
touch detection function;

[0029] FIG. 19 is an explanatory diagram for representing
an operation example of touch detection scanning;

[0030] FIG. 20 is an explanatory diagram for illustrating a
relationship between waveforms of a drive control signal
and an AC drive signal;

[0031] FIG. 21 is an explanatory diagram for explaining a
layout example of wirings and a switch with respect to a
drive electrode according to a comparative example;
[0032] FIG. 22 is an explanatory diagram for explaining a
layout example of a wiring and a switch with respect to a
drive electrode according to the first embodiment;

[0033] FIG. 23 is an explanatory diagram for explaining a
layout example of a wiring and a switch with respect to a
drive electrode according to a modification of the first
embodiment;

[0034] FIG. 24 is a block diagram illustrating a drive
signal generator of a drive electrode driver according to a
second embodiment;

[0035] FIG. 25 is an explanatory diagram for illustrating a
relationship between waveforms of a drive control signal
and an AC drive signal;

[0036] FIG. 26 is a block diagram illustrating a drive
signal generator of a drive electrode driver according to a
third embodiment;

[0037] FIG. 27 is an explanatory diagram for illustrating a
relationship between waveforms of a drive control signal
and an AC drive signal;

[0038] FIG. 28 is a cross-sectional view representing a
schematic cross-sectional structure of a display device with
a touch detection function according to a modification;
[0039] FIG. 29 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0040] FIG. 30 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0041] FIG. 31 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0042] FIG. 32 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0043] FIG. 33 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0044] FIG. 34 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;
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[0045] FIG. 35 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0046] FIG. 36 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0047] FIG. 37 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0048] FIG. 38 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0049] FIG. 39 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied;

[0050] FIG. 40 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied; and

[0051] FIG. 41 is a diagram illustrating one example of
electronic apparatuses to which the display device with a
touch detection function according to any one of the
embodiments is applied.

DETAILED DESCRIPTION

[0052] Embodiments will be described in detail with ref-
erence to the drawings. The present disclosure is not limited
by the contents described in the following embodiments.
Constituent elements described below include those readily
conceived of by those skilled in the art and substantially
identical components. Furthermore, the constituent elements
described below can be appropriately combined with one
another. A description will be given in the following order.

1. Embodiments (Display Device with Touch
Detection Function)

[0053] 1-1. First embodiment
[0054] 1-2. Second embodiment
[0055] 1-3. Third embodiment
[0056] 1-4. Modification

2. Application Examples (Electronic Apparatuses)

[0057] Examples in which the display devices with a touch
detection function according to any one the embodiments
above is applied to the electronic apparatuses.

3. Aspects of Present Disclosure
1-1. First Embodiment

1-1A. Configuration Example

[0058] Schematic Configuration Example

[0059] FIG. 1 is a block diagram representing a configu-
ration example of a display device with a touch detection
function according to the first embodiment. The 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 source selector 135, a
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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 incorporates a touch detection function. The
display unit with a touch detection function 10 is a device
obtained by integrating a liquid crystal display unit 20, in
which a liquid crystal display elements are used as the
display elements, and a capacitance type touch detection
device 30.

[0060] The liquid crystal display unit 20 is a device which
performs display by sequentially scanning the horizontal
lines one by one in accordance with a scanning signal Vscan
supplied from the gate driver 12 as described later. The
control unit 11 is a circuit which supplies control signals to
the gate driver 12, the source driver 13, the drive electrode
driver 14, and the touch detection unit 40, respectively,
based on a video signal Vdisp supplied from outside so as to
control them in such a way that they are operated in a
mutually-synchronized manner. A control device in the
present disclosure includes the control unit 11, the gate
driver 12, the source driver 13, and the drive electrode driver
14.

[0061] The gate driver 12 has a function of sequentially
selecting one horizontal line to be driven for display in the
display unit with a touch detection function 10 based on the
control signal supplied from the control unit 11.

[0062] The source driver 13 is a circuit for supplying a
pixel signal Vpix to each pixel Pix (sub-pixels SPix), which
will be described later, in the display unit with a touch
detection function 10 based on the control signal supplied
from the control unit 11. As will be described later, the
source driver 13 generates, from the control signal for one
horizontal line, an image signal Vsig into which the pixel
signals Vpix for the plurality of sub-pixels SPix in the liquid
crystal display unit 20 are time-divisionally multiplexed.
The source driver 13 supplies the generated image signal
Vsig to the source selector 13S. The source driver 13 also
generates switch control signals Vsel required for demulti-
plexing the pixel signals Vpix multiplexed into the image
signal Vsig. The source driver 13 supplies the switch control
signals Vsel to the source selector 13S together with the
image signal Vsig. The source selector 13S can reduce the
number of wirings between the source driver 13 and the
source selector 138S.

[0063] The drive electrode driver 14 is a circuit for sup-
plying a drive signal for touch detection (a touch drive
signal, hereinafter also referred to as a drive signal) Vco-
mAC and a display drive voltage VecomDC, which is a
voltage for display, to a drive electrode COML to be
described later in the display unit with a touch detection
function 10 based on the control signal supplied from the
control unit 11.

[0064] The touch detection unit 40 is a circuit for detecting
the presence or absence of a touch with respect to the touch
detection device 30 (the above-described contact state)
based on the control signal supplied from the control unit 11
and a touch detection signal Vdet supplied from the touch
detection device 30 in the display unit with a touch detection
function 10 and for obtaining, if a touch is present, the
coordinate in the touch-detected area, or the like. The touch
detection unit 40 includes a touch detection signal amplifier
42, an A/D convertor 43, a signal processor 44, a coordinate
extractor 45, and a detection timing controller 46.
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[0065] The touch detection signal amplifier 42 amplifies
the touch detection signal Vdet supplied from the touch
detection device 30. The touch detection signal amplifier 42
may include a low-pass analog filter for removing a high-
frequency component (noise component) contained in the
touch detection signal Vdet so as to extract and output a
touch component.

[0066] Basic Principle of Capacitance Type Touch Detec-
tion
[0067] The touch detection device 30 operates based on

the basic principle of the capacitance type touch detection,
and outputs the touch detection signal Vdet. The basic
principle of touch detection in the display device with a
touch detection function 1 according to the present embodi-
ment will be described with reference to FIGS. 1 to 6. FIG.
2 is an explanatory diagram for explaining the basic prin-
ciple of the capacitance type touch detection system, repre-
senting a state where a finger is neither in contact with nor
in proximity to the device. FIG. 3 is an explanatory diagram
illustrating an example of an equivalent circuit of the state
illustrated in FIG. 2 where a finger is neither in contact with
nor in proximity to the device. FIG. 4 is an explanatory
diagram for explaining the basic principle of the capacitance
type touch detection system, representing a state where a
finger is in contact with or in proximity to the device. FIG.
5 is an explanatory diagram illustrating an example of an
equivalent circuit of the state illustrated in FIG. 4 where a
finger is in contact with or in proximity to the device. FIG.
6 is a chart representing an example of waveforms of a drive
signal and a touch detection signal.

[0068] For example, a capacitative element C1 includes a
pair of electrodes, a drive electrode E1 and a touch detection
electrode E2, disposed so as to face each other with a
dielectric D interposed therebetween as illustrated in FIG. 2.
As illustrated in FIG. 3, one end of the capacitative element
C1 is coupled to an AC signal source (drive signal source)
S. The other end thereof is coupled to a voltage detector
(touch detection unit) DET. The voltage detector DET is an
integration circuit contained in the touch detection signal
amplifier 42 illustrated in FIG. 1, for example.

[0069] If an AC rectangular wave Sg having a predeter-
mined frequency (about several kHz to several hundred kHz,
for example) is applied to the drive electrode E1 (one end of
the capacitative element C1) from the AC signal source S, an
output waveform (touch detection signal Vdet) is emerged
through the voltage detector DET coupled to the touch
detection electrode E2 (the other end of the capacitative
element C1) side. The AC rectangular wave Sg corresponds
to a drive signal VcomAC to be described later.

[0070] In the state (non-contact state) where a finger is not
in contact with (or in proximity to) the device, a current I,
corresponding to a capacitance value of the capacitative
element C1 flows along with charge and discharge with
respect to the capacitative element C1 as illustrated in FIGS.
2 and 3. As illustrated in FIG. 6, the voltage detector DET
converts a fluctuation in the current I, according to the AC
rectangular wave Sg into a voltage fluctuation (solid-line
waveform V).

[0071] In the state (contact state) where a finger is in
contact with (or in proximity to) the device, on the other
hand, capacitance C2 generated by a finger is in contact with
or in proximity to the touch detection electrode E2 as
illustrated in FIG. 4. As a result, fringe capacitance between
the drive electrode E1 and the touch detection electrode E2
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is blocked, thereby causing the capacitative element C1 to be
functioned as a capacitative element C1' having a capaci-
tance value smaller than that of the capacitative element C1.
According to the equivalent circuit illustrated in FIG. 5, a
current 11 flows through the capacitative element Cr. As
illustrated in FIG. 6, the voltage detector DET converts a
fluctuation in the current I1 according to the AC rectangular
wave Sg into a voltage fluctuation (dotted-line waveform
V1). In this case, the waveform V1 has an amplitude smaller
than that of the above-described waveform V,. Thus, an
absolute value IAVI of a voltage difference between the
waveform V, and the waveform V1, varies in accordance
with an effect caused by an external proximity object such
as a finger. In order to detect the absolute value IAVI of the
voltage difference between the waveform V,, and the wave-
form V1 with high accuracy, it is more preferable that the
voltage detector DET be operated with a period Reset in
which charge and discharge of a capacitor is reset in
accordance with the frequency of the AC rectangular wave
Sg by means of switching in the circuit.

[0072] The touch detection device 30 illustrated in FIG. 1
performs touch detection by sequentially scanning detection
blocks one by one in accordance with a drive signal Vcom
(drive signal VcomAC to be described later) supplied from
the drive electrode driver 14.

[0073] The touch detection device 30 is configured to
output the touch detection signals Vdet for respective detec-
tion blocks from a plurality of touch detection electrodes
TDL to be described later through the voltage detector DET
illustrated in FIG. 3 or FIG. 5, and then supply the touch
detection signals Vdet to the A/D convertor 43 in the touch
detection unit 40.

[0074] The A/D convertor 43 is a circuit for sampling
analog signals outputted from the touch detection signal
amplifier 42 at timings synchronized with the drive signal
VeomAC and converting them into digital signals.

[0075] The signal processor 44 includes a digital filter for
reducing a frequency component (noise component) con-
tained in the output signal of the A/D convertor 43, exclud-
ing the sampling frequency for the drive signal VcomAC.
The signal processor 44 is a logic circuit for detecting the
presence or absence of a touch with respect to the touch
detection device 30 based on the output signal from the A/D
convertor 43. The signal processor 44 performs a process of
taking out only a finger-derived difference in voltage. The
finger-derived difference in voltage is the above-described
absolute value IAV| of the difference between the waveform
V, and the waveform V1. The signal processor 44 may
perform an averaging calculation on the absolute values
IAVI in one detection block to obtain an average value for
the absolute value IAVI. As a result, the signal processor 44
can reduce an effect caused by noise. When the signal
processor 44 compares the detected finger-derived differ-
ence in voltage to a predetermined threshold voltage and it
is greater than or equal to the threshold voltage, it is
determined as the contact state by the external proximity
object. On the other hand, when the signal processor 44
compares the detected finger-derived difference in voltage to
the predetermined threshold voltage and it is smaller than
the threshold voltage, it is determined as the non-contact
state by the external proximity object. In this manner, the
touch detection unit 40 can perform touch detection.
[0076] The coordinate extractor 45 is a logic circuit for
obtaining, when a touch is detected in the signal processor
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44, the touch panel coordinate. The detection timing con-
troller 46 controls the A/D convertor 43, the signal processor
44, and the coordinate extractor 45 so as to be operated in
synchronization with one another. The coordinate extractor
45 outputs the touch panel coordinate as a signal output
Vout.

[0077] Module

[0078] FIG. 7 is a diagram illustrating an example of a
module in which the display device with a touch detection
function according to the first embodiment is mounted. As
illustrated in FIG. 7, the display device with a touch detec-
tion function 1 includes the liquid crystal display unit 20, the
drive electrode driver 14, a COG (Chip On Glass) 19, and
the source selector 13S. The COG 19 includes the source
driver 13 described above. The drive electrode driver 14 is
formed on a TFT substrate 21 which is a glass substrate. The
COG 19 is a chip mounted on the TFT substrate 21 and
incorporates circuits required for display operations such as
the control unit 11 and the source driver 13 illustrated in
FIG. 1. Alternatively, the display device with a touch detec-
tion function 1 may incorporate circuits such as the drive
electrode driver 14, the gate driver 12, and the source
selector 13S in the COG (Chip On Glass) 19.

[0079] FIG. 7 schematically illustrates that the display
device with a touch detection function 1 includes drive
electrode blocks B for the drive electrodes COML and the
touch detection electrodes TDL formed so as to sterically
intersect the drive electrode blocks B (drive electrodes
COML) in a direction perpendicular to the surface of the
TFT substrate 21. The display device with a touch detection
function 1 also includes, in the direction perpendicular to the
surface of the TFT substrate 21, drive electrodes COML and
later-described scanning signal lines GCL formed so as to
extend in a direction parallel to the drive electrodes COML
without intersecting therewith.

[0080] The drive electrodes COML are divided into a
plurality of stripe-shaped electrode patterns extending in one
direction. When performing a touch detection operation, the
drive signal VcomAC is sequentially supplied to each elec-
trode pattern by the drive electrode driver 14. Multiple
stripe-shaped electrode patterns for the drive electrodes
COML, to which the drive signal VcomAC is supplied
simultaneously, correspond to one drive electrode block B
illustrated in FIG. 7. The drive electrode blocks B (drive
electrodes COML) are formed in a direction along one side
of the TFT substrate 21. The touch detection electrodes TDL
to be described later are formed in a direction along another
side of the TFT substrate 21. Outputs of the touch detection
electrode TDL are provided on the shorter side of the TFT
substrate 21 and coupled to the touch detection unit 40
mounted on a flexible printed circuit board T via the flexible
printed circuit board T. In this manner, the touch detection
unit 40 is mounted on the flexible printed circuit board T and
coupled to each of the plurality of touch detection electrodes
TDL arranged side by side. The flexible printed circuit board
T is not limited to a flexible printed circuit board and may
be anything as long as it is a terminal. In this case, the touch
detection unit 40 is provided outside the module.

[0081] The control unit 11, the source driver 13, and a
later-described drive signal generator of a drive signal driver
are implemented as the COG 19 on a pixel substrate 2. The
source selector 13S is formed using TFT elements in the
vicinity of a display area Ad above the TFT substrate 21. In
the display area Ad, a large number of pixels Pix to be
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described later are arranged in a matrix shape (a shape of
rows and columns). Frames Gd are areas where the pixels
Pix are not disposed when the surface of the TFT substrate
21 is viewed from the direction perpendicular thereto. The
gate driver 12 and drive electrode scanning units 14A and
14B of the drive electrode driver 14 are disposed in the
frames Gd.

[0082] The gate driver 12 includes gate drivers 12A and
12B and is formed above the TFT substrate 21 using TFT
elements. The gate drivers 12A and 12B are configured so as
to drive the display area Ad, at which the pixels Pix are
arranged in a matrix shape, from the both sides thereof with
the display area Ad interposed therebetween.

[0083] The drive electrode scanning units 14A and 14B
are formed above the TFT substrate 21 using TFT elements.
The drive electrode scanning units 14A and 14B receive the
supply of the display drive voltage VcomDC through con-
ductive wirings LCC and also receive the supply of the drive
signal VcomAC through the wirings LCC from the drive
signal generator. The drive electrode scanning units 14A and
14B are configured so as to drive each of the plurality of
drive electrode blocks B arranged side by side from the both
sides thereof. The wirings LCC are arranged in the frame
areas Gd positioned outside the display area Ad in the
direction perpendicular to the TFT substrate 21. The wirings
LCC according to the first embodiment are provided above
the TFT substrate 21. Alternatively, the wirings LCC may be
provided in a counter substrate 3 and may be arranged in the
frame areas Gd positioned outside the display area Ad in the
direction perpendicular to the TFT substrate 21.

[0084] Each of the wiring LCC has a predetermined
resistance component, and a parasitic capacitance for the
drive electrodes COML belonging to the drive electrode
blocks B to which the drive signal VcomAC is supplied
through the wiring LCC. Thus, in the drive electrode blocks
B disposed at positions away from the COG 19 (drive signal
generator), there is a possibility of prolonging a pulse
transition time for the drive signal VcomAC. In order to
reduce the possibility of prolonging a pulse transition time
for the drive signal VcomAC in the drive electrode block B
disposed in the vicinity of an end portion of the wiring LCC,
in particular, a predetermined width (100 pm or greater, for
example) needs to be maintained as a width of the wiring
LCC.

[0085] Therefore, the wiring LCC according to the first
embodiment is configured as a common wiring which
receives the supply of the drive signal VcomAC and the
supply of the display drive voltage VcomDC. As a result, the
wiring LCC according to the first embodiment can reduce a
space corresponding to one wiring and a room therefor as
compared with a case where a wiring for receiving the
supply of the drive signal VcomAC and a wiring for
receiving the supply of the display drive voltage VcomDC
are separately provided. The wiring LCC according to the
first embodiment can also reduce the number of selection
switches and an area occupied by the selection switches as
compared with the case where the wiring for receiving the
supply of the drive signal VcomAC and the wiring for
receiving the supply of the display drive voltage VcomDC
are separately provided. As a result, a width Gdv occupied
by the drive electrode scanning unit 14A or 14B can be
reduced in the frame Gd. For example, The wiring LCC
according to the first embodiment can reduce a proportion of
the width Gdv occupied by the drive electrode scanning unit
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14A or 14B to the frame Gd by about 10% to 20% as
compared with the case where the wiring for receiving the
supply of the drive signal VcomAC and the wiring for
receiving the supply of the display drive voltage VcomDC
are separately provided.

[0086] The display device with a touch detection function
1 illustrated in FIG. 7 outputs the above-described touch
detection signal Vdet from the shorter side of the display
unit with a touch detection function 10. As a result, the
display device with a touch detection function 1 can facili-
tate an arrangement of the wirings when coupling to the
touch detection unit 40 via the flexible printed circuit board
T which is a terminal area.

[0087] Display Device with Touch Detection Function
[0088] A configuration example of the display unit with a
touch detection function 10 will next be described in detail.
FIG. 8 is a cross-sectional view representing a schematic
cross-sectional structure of the display unit with a touch
detection function according to the first embodiment. FIG. 9
is a circuit diagram representing a pixel array of the display
unit with a touch detection function according to the first
embodiment.

[0089] As illustrated in FIG. 8, the display unit with a
touch detection function 10 includes the pixel substrate 2,
the counter substrate 3 disposed in an opposing manner in a
direction perpendicular to the surface of the pixel substrate
2, and a liquid crystal layer 6 inserted between the pixel
substrate 2 and the counter substrate 3.

[0090] The liquid crystal layer 6 modulates light passing
therethrough according to a state of electric fields thereof.
For example, a liquid crystal display device using liquid
crystals in a transverse electric field mode such as FFS
(fringe-field switching) or IPS (in-plane switching) is used.
Orientation films may be provided between the liquid crystal
layer 6 and the pixel substrate 2 and between the liquid
crystal layer 6 and the counter substrate 3 illustrated in FIG.
8, respectively.

[0091] The counter substrate 3 includes a glass substrate
31, and a color filter 32 formed on one surface of the glass
substrate 31. The touch detection electrodes TDL, which are
detection electrodes for the touch detection device 30, are
formed on the other surface of the glass substrate 31. A
polarizer 35 is further provided on this touch detection
electrode TDL.

[0092] The pixel substrate 2 includes the TFT substrate 21
as a circuit board, a plurality of pixel electrodes 22 arranged
in a matrix shape above the TFT substrate 21, the plurality
of drive electrodes COML formed between the TFT sub-
strate 21 and the pixel electrodes 22, and an insulation layer
24 for providing electrical insulation between the pixel
electrodes 22 and the drive electrodes COML.

[0093] Thin film transistor (TFT) elements Tr for the
sub-pixels SPix illustrated in FIG. 9 and wirings such as
pixel signal lines SGL for supplying the pixel signal Vpix to
each of the pixel electrodes 22 and the scanning signal lines
GCL for driving the respective TFT elements Tr are formed
above the TFT substrate 21. In this manner, the pixel signal
lines SGL extend on a plane parallel to the surface of the
TFT substrate 21 and supply the pixel signal Vpix to each of
the pixels for displaying an image. The liquid crystal display
unit 20 illustrated in FIG. 9 has a plurality of sub-pixels SPix
arranged in a matrix shape. Each sub-pixel SPix includes the
TFT element Tr and a liquid crystal element L.C. The TFT
element Tr is formed by a thin film transistor. In this
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example, it is formed by an n-channel MOS (Metal Oxide
Semiconductor) type TFT. A source of the TFT element Tr
is coupled to the pixel signal line SGL, a gate thereof is
coupled to the scanning signal line GCL, and a drain thereof
is coupled to one end of the liquid crystal element LC. One
end of the liquid crystal element LC is coupled to the drain
of the TFT element Tr, and the other end thereof is coupled
with the drive electrode COML.

[0094] In the color filter 32 illustrated in FIG. 8, color
regions of the color filter, which are colored to have three
colors, for example, red (R), green (G), and blue (B), are
cyclically arranged so as to associate a set of color regions
32R, 32G, and 32B (see FIG. 9) having three colors of R, G,
and B with the above-described sub-pixels SPix illustrated
in FIG. 9 as a pixel Pix. The color filter 32 faces the liquid
crystal layer 6 in the direction perpendicular to the TFT
substrate 21. The color filter 32 may have a combination of
other colors when it is colored to have different colors.
[0095] Each of the sub-pixels SPix illustrated in FIG. 9 is
mutually coupled to other sub-pixels SPix belonging to the
same row of the liquid crystal display unit 20 through the
scanning signal line GCL. The scanning signal line GCL is
coupled to the gate driver 12 and supplied with the scanning
signal Vscan by the gate driver 12. Each of the sub-pixels
SPix is mutually coupled also to other sub-pixels SPix
belonging to the same column of the liquid crystal display
unit 20 through the pixel signal line SGL. The pixel signal
line SGL. is coupled to the source driver 13 and supplied with
the pixel signal Vpix by the source driver 13.

[0096] Specifically, as illustrated in FIG. 10, in the display
device with a touch detection function 1, the pixel signal
lines SGL are coupled to the source driver 13 incorporated
in the above-described COG 19 through the source selector
13S. The source selector 13S performs a switching operation
in accordance with the switch control signal Vsel.

[0097] As illustrated in FIG. 10, the source driver 13
generates and outputs an image signal Vsig based on the
control signal supplied from the control unit 11. The source
driver 13 generates, from the control signal for one hori-
zontal line, an image signal Vsig into which the pixel signals
Vpix for the plurality of sub-pixels SPix (three sub-pixels
SPix in this example) in the liquid crystal display unit 20 are
time-divisionally multiplexed. The source driver 13 supplies
the generated image signal Vsig to the source selector 13S.
The source driver 13 also generates switch control signals
Vsel (VselR, VselG, and VselB) required for demultiplexing
the pixel signals Vpix multiplexed into the image signal
Vsig. The source driver 13 supplies the generated switch
control signals Vsel to the source selector 13S together with
the image signal Vsig. Such multiplexing can reduce the
number of wirings between the source driver 13 and the
source selector 138S.

[0098] The source selector 13S demultiplexes the pixel
signals Vpix time-divisionally multiplexed into the image
signal Vsig based on the image signal Vsig and the switch
control signals Vsel supplied from the source driver 13. The
source selector 13S supplies the obtained pixel signals Vpix
to the liquid crystal display unit 20 in the display unit with
a touch detection function 10.

[0099] The source selector 13S includes three switches
SWR, SWG, and SWB, for example. One ends of the three
switches SWR, SWG, and SWB are coupled to one another
and supplied with the image signal Vsig from the source
driver 13. The other ends of the three switches SWR, SWG,
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and SWB are coupled to the respective sub-pixels SPix
through the respective pixel signal lines SGL of the liquid
crystal display unit 20 in the display unit with a touch
detection function 10. Switching controls for the three
switches SWR, SWG, and SWB are performed depending
on the switch control signals Vsel (VselR, VselG, and
VselB) supplied from the source driver 13, respectively.
With this configuration, the source selector 13S can sequen-
tially switch the switches SWR, SWG, and SWB to an ON
state in a time division manner in accordance with the switch
control signals Vsel. As a result, the source selector 13S
demultiplexes the pixel signals Vpix (VpixR, VpixG, and
VpixB) from the multiplexed image signal Vsig. Then, the
source selector 13S supplies the pixel signals Vpix to the
three sub-pixels SPix, respectively. The above-described
color regions 32R, 32G, and 32B colored to have three
colors of red (R), green (G), and blue (B) are associated with
the sub-pixels SPix, respectively. Thus, the pixel signal
VpixR is supplied to the sub-pixel SPix corresponding to the
color region 32R. The pixel signal VpixG is supplied to the
sub-pixel SPix corresponding to the color region 32G. The
pixel signal VpixB is supplied to the sub-pixel SPix corre-
sponding to the color region 32B.

[0100] Each of the sub-pixels SPix is mutually coupled to
other sub-pixels SPix belonging to the same row of the
liquid crystal display unit 20 by the drive electrode COML.
The drive electrode COML is coupled to the drive electrode
driver 14 and supplied with the display drive voltage
VeomDC by the drive electrode driver 14. In other words,
the plurality of sub-pixels SPix belonging to the same row
share one drive electrode COML in this example.

[0101] The gate driver 12 illustrated in FIG. 1 applies the
scanning signal Vscan to the gates of the TFT elements Tr
in the sub-pixels SPix through the scanning signal line GCL
illustrated in FIG. 9. As a result, one row (one horizontal
line) of the sub-pixels SPix formed in a matrix shape in the
liquid crystal display unit 20 is sequentially selected to be
driven for display. The source driver 13 and the source
selector 13S illustrated in FIG. 1 supply the pixel signal
Vpix to each of the sub-pixels SPix making up one hori-
zontal line sequentially selected by the gate driver 12
through the pixel signal line SGL illustrated in FIG. 9. Then,
display for one horizontal line is performed in these sub-
pixels SPix in accordance with the provided pixel signal
Vpix. The drive electrode driver 14 illustrated in FIG. 1
applies the drive signal Vcom in order to drive the drive
electrodes COML. in each drive electrode block consisting of
a predetermined number of drive electrodes COML.
[0102] As described above, in the liquid crystal display
unit 20, the gate driver 12 drives the scanning signal lines
GCL to be line-sequentially scanned in a time division
manner so that one horizontal line is sequentially selected.
In the liquid crystal display unit 20, display is performed for
each horizontal line by supplying the pixel signal Vpix to the
sub-pixels SPix belonging to one horizontal line by the
source driver 13 and the source selector 13S. When per-
forming this display operation, the drive electrode driver 14
applies the display drive voltage VcomDC to the drive
electrode block containing the drive electrode COML cor-
responding to that horizontal line.

[0103] The drive electrode COML according to the pres-
ent embodiment functions as a drive electrode for the liquid
crystal display unit 20 and also as a drive electrode for the
touch detection device 30. FIG. 11 is a perspective view
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representing a configuration example of the drive electrodes
and the touch detection electrodes in the display device with
a touch detection function according to the first embodi-
ment. As illustrated in FIG. 8, the drive electrodes COML
illustrated in FIG. 11 face the pixel electrodes 22 in the
direction perpendicular to the surface of the TFT substrate
21. The touch detection device 30 is configured by the drive
electrodes COML provided in the pixel substrate 2 and the
touch detection electrodes TDL provided in the counter
substrate 3. The touch detection electrodes TDL are formed
by stripe-shaped electrode patterns extending in a direction
intersecting an extending direction of electrode patterns of
the drive electrodes COML. The touch detection electrodes
TDL face the drive electrodes COML in the direction
perpendicular to the surface of the TFT substrate 21. The
electrode patterns of the touch detection electrodes TDL are
coupled to inputs of the touch detection signal amplifier 42
in the touch detection unit 40, respectively. The electrode
patterns of the drive electrodes COML and the touch detec-
tion electrodes TDL intersecting with each other generates
capacitance at each intersection. The touch detection elec-
trodes TDL or the drive electrodes COML (drive electrode
blocks) are not limited to a multi-divided stripe shape. For
example, the touch detection electrodes TDL or the drive
electrodes COML (drive electrode blocks) may have a
comb-teeth shape. Alternatively, the touch detection elec-
trodes TDL or the drive electrodes COML (drive electrode
blocks) only have to be divided into a plurality of sections
and a shape of a slit for dividing the drive electrodes COML
may be a straight line or a curved line.

[0104] With this configuration, in the touch detection
device 30, the drive electrode driver 14 drives the drive
electrode blocks B illustrated in FIG. 7 to be line-sequen-
tially scanned in a time division manner when the touch
detection operation is performed. As a result, the drive
electrode block B (one detection block) for the drive elec-
trodes COML is sequentially selected in a scanning direction
Scan. Then, the touch detection device 30 outputs the touch
detection signal Vdet from the touch detection electrode
TDL. In this manner, the touch detection device 30 performs
touch detection for one detection block.

[0105] FIG. 12, FIG. 13, and FIG. 14 are schematic
diagrams representing an operation example of touch detec-
tion in the display device with a touch detection function
according to the first embodiment. FIG. 15 is an explanatory
diagram for explaining display and the touch detection
operation in the display device with a touch detection
function according to the first embodiment. They illustrate
an operation of applying the drive signal VcomAC to each
of drive electrode blocks B1 to B20 wherein the drive
electrode blocks B1 to B20 correspond to 20 drive electrode
blocks B for the drive electrodes COML illustrated in FIG.
7. A drive signal applied block BAC represents the drive
electrode block B to which the drive signal VcomAC is
being applied and no voltage is applied to the other drive
electrode blocks B. Thus, the other drive electrode blocks B
are in a state where the potential thereof is not being fixed,
what is called a floating state. The drive electrode driver 14
illustrated in FIG. 1 selects the drive electrode block B3
from among the drive electrode blocks B illustrated in FIG.
12 to be targets for the touch detection operation and applies
the drive signal VcomAC thereto. Next, the drive electrode
driver 14 selects the drive electrode block B4 from among
the drive electrode blocks B illustrated in FIG. 13 and
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applies the drive signal VcomAC thereto. Next, the drive
electrode driver 14 selects the drive electrode block B5 from
among the drive electrode blocks B illustrated in FIG. 14
and applies the drive signal VcomAC thereto. In this way,
the drive electrode driver 14 scans all of the drive electrode
blocks B by sequentially selecting the drive electrode block
B and applying the drive signal VcomAC thereto. The
number of the drive electrode blocks B is not limited to 20.
[0106] In the touch detection device 30, one of the drive
electrode blocks B illustrated in FIGS. 12 to 14 corresponds
to the drive electrode E1 in the above-described basic
principle of touch detection. In the touch detection device
30, one of the touch detection electrodes TDL corresponds
to the touch detection electrode E2. The touch detection
device 30 detects a touch in accordance with the above-
described basic principle. As illustrated in FIG. 11, the
electrode patterns sterically intersecting with each other
form capacitance type touch sensors in a matrix shape. Thus,
scanning over the entire touch detection surface of the touch
detection device 30 also makes it possible to detect a contact
position or a proximity position of the external proximity
object.

[0107] As illustrated in FIG. 15, in the display unit with a
touch detection function 10, the gate driver 12 drives the
scanning signal lines GCL to be line-sequentially scanned in
a time division manner in order to perform display scanning
Scand. As illustrated in FIG. 15, the display unit with a touch
detection function 10 also performs touch detection scan-
ning Scant (single such scanning is completed in time W1)
by sequentially selecting and driving the drive electrode
block B by the drive electrode driver 14. As illustrated in
FIG. 15, the touch detection scanning Scant is performed
twice as fast as the scanning speed of the display scanning
Scand. In this manner, the touch detection scanning speed is
set to be faster than the display scanning speed in the display
device with a touch detection function 1. This makes it
possible to immediately respond to a touch by an external
proximity object, which is externally positioned in proxim-
ity, thereby improving the responsive property to touch
detection. A relationship between the touch detection scan-
ning Scant and the display scanning Scand is not limited to
the relationship illustrated in FIG. 15. For example, the
touch detection scanning Scant may be performed at a
scanning speed greater than or equal to twice as fast as that
of the display scanning Scand or at a scanning speed smaller
than or equal to twice as fast as that of the display scanning
Scand.

[0108] Drive Signal Generator and Drive Electrode Driver
[0109] FIG. 16 is a block diagram illustrating the drive
signal generator of the drive electrode driver according to
the first embodiment. A drive signal generator 14Q includes,
a high-level voltage generator 61, a low-level voltage gen-
erator 62, buffers 63 and 64, and a switching circuit 65.
[0110] The high-level voltage generator 61 generates a
high-level voltage of the drive signal VcomAC. The low-
level voltage generator 62 generates a direct-current voltage
of'the display drive voltage VcomDC. The voltage generated
by this low-level voltage generator 62 is used also as a
low-level voltage of the drive signal VcomAC. The buffer 63
outputs the voltage supplied from the high-level voltage
generator 61 while performing impedance conversion
thereto so as to be supplied to the switching circuit 65. The
buffer 64 outputs the voltage supplied from the low-level
voltage generator 62 while performing impedance conver-
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sion thereto so as to be supplied to the switching circuit 65.
The switching circuit 65 generates the drive signal VcomAC
based on a drive control signal EXVCOM by alternately
repeating a case where the drive control signal EXVCOM is
at a high level and a case where the drive control signal
EXVCOM is at a low level. When the drive control signal
EXVCOM is at a high level, the switching circuit 65 outputs
the voltage supplied from the buffer 63. When the drive
control signal EXVCOM is at a low level, the switching
circuit 65 outputs the voltage supplied from the buffer 64.
Based on the drive control signal EXVCOM, when the drive
control signal EXVCOM is at a low level, the switching
circuit 65 outputs the voltage supplied from the buffer 64 as
the direct-current voltage of the display drive voltage
VeomDC. The buffers 63 and 64 are formed by voltage
followers, for example. The voltage outputted by the switch-
ing circuit 65 is outputted to an output terminal 65E.

[0111] FIG. 17 is a block diagram illustrating the drive
electrode driver according to the first embodiment. Each of
the drive electrode scanning unit 14A and 14B includes a
scanning controller 51, a touch detection scanning unit 52,
and a drive unit 530. The drive unit 530 includes drive parts
53(k) to 53(k+3) as many as the drive electrode blocks B.
The scanning controller 51 is implemented in the COG 19.
The touch detection scanning unit 52 and the drive unit 530
are disposed in the frame around the display area Ad.
Hereinafter, when referring to arbitrary one of the plurality
of drive parts 53(k) to 53(k+3), the drive part 53 is simply
used.

[0112] The scanning controller 51 supplies a control signal
SDCK and a scanning start signal SDST to the touch
detection scanning unit 52 based on the control signal
supplied from the control unit 11. From its output terminal,
the wiring LCC is supplied with one of the display drive
voltage VecomDC and the drive signal VcomAC outputted
from the above-described drive signal generator 14Q
through the output terminal 65E. The scanning controller 51
supplies a drive electrode selection signal VCOMSEL to the
drive unit 530. The drive electrode selection signal VCOM-
SEL is a signal for identifying a period during which the
drive signal VcomAC is supplied to the drive electrodes
COML from the drive signal generator 14Q through the
wiring LCC.

[0113] The touch detection scanning unit 52 includes shift
registers 52SR and generates scanning signals ST(k), ST(k+
1), ST(k+2), ST(k+3), . . . for selecting the drive electrodes
COML to which the drive signal VcomAC is applied.
Specifically, in the touch detection scanning unit 52, the shift
register 52SR is sequentially transferred for each transfer
stage and sequentially selected in synchronization with the
control signal SDCK with the scanning start signal SDST
supplied by the scanning controller 51 used as a trigger. The
selected shift register 52SR sends out the scanning signal
ST(k), ST(k+1), ST(k+2), ST(k+3), . . . to its corresponding
logical product circuit 54 in the drive unit 530. In the touch
detection scanning unit 52, in a case where the selected shift
register 52SR supplies a high-level signal to the (k+2)th
drive part 53(k+2) as the (k+2)th scanning signal ST(k+2),
for example, this drive part 53(k+2) applies the drive signal
VeomAC to the plurality of drive electrodes COML belong-
ing to the (k+2)th drive electrode block B(k+2). Hereinafter,
when referring to arbitrary one of the scanning signals
ST(k), ST(k+1), ST(k+2), ST(k+3), . . ., the scanning signal
ST may be used.



US 2024/0160308 Al

[0114] The drive unit 530 is a circuit for applying the
display drive voltage VcomDC or the drive signal VcomAC
supplied from the drive signal generator 14Q to the drive
electrodes COML based on the scanning signal ST supplied
from the touch detection scanning unit 52 and the drive
electrode selection signal VCOMSEL supplied from the
scanning controller 51. The drive parts 53 are provided in
one-to-one correspondence with the output signals of the
touch detection scanning unit 52. The drive part 53 applies
the drive signal Vcom to the corresponding one of the drive
electrode blocks B.

[0115] The drive part 53 includes the logical product
circuit 54, and a single selection switch SW1 (SW2, SW3,
or SW4) for each drive electrode block B. The logical
product circuit 54 generates and outputs a logical product
(AND) of the scanning signal ST provided by the touch
detection scanning unit 52 and the drive electrode selection
signal VCOMSEL supplied from the scanning controller 51.
The logical product circuit 54 has a buffer function perform-
ing amplification to an amplitude level capable of perform-
ing ON and OFF control for the selection switch SW1 (SW2,
SW3, or SW4). ON and OFF control for the selection switch
SW1 is performed based on the signal supplied from the
logical product circuit 54. One end of the selection switch
SW1 is coupled to the wiring LCC, and the other end of the
selection switch SW1 is coupled to the plurality of drive
electrodes COML contained in the corresponding drive
electrode block B.

[0116] With this configuration, the drive part 53 outputs
the drive signal VcomAC as the drive signal Vcom if the
scanning signal ST is at a high level and the drive electrode
selection signal VCOMSEL is at a high level. If the scanning
signal ST is at a low level and the drive electrode selection
signal VCOMSEL is at a high level, the drive part 53
decouples the drive electrode block B from the wiring LCC
s0 as to obtain a floating state. In a case where the liquid
crystal display unit 20 is performing a display operation, the
drive part 53 outputs the display drive voltage VcomDC as
the drive signal Vcom if the drive electrode selection signal
VCOMSEL is at a low level and all of the selection switches
SW1 (SW2, SW3, and SW4) provided one for each drive
electrode block B are closed.

[0117] Herein, a drive electrode block B selected as an
output destination of the drive signal VcomAC is defined as
a selected drive electrode block STX. A drive electrode
block B not being selected as an output destination of the
drive signal VcomAC is defined as an unselected drive
electrode block NTX. For example, since the drive part
53(k+2) illustrated in FIG. 17 applies the drive signal
VeomAC to the plurality of drive electrodes COML belong-
ing to the (k+2)th drive electrode block B(k+2), the selected
drive electrode block STX is the drive electrode block
B(k+2). The drive electrode blocks B(k), B(k+1), and B(k+
3) not being selected as the output destination of the drive
signal VcomAC are the unselected drive electrode blocks
NTX.

[0118] Herein, the TFT substrate 21 corresponds to a
specific example of a “substrate” in the present disclosure.
The pixel electrode 22 corresponds to a specific example of
a “pixel electrode” in the present disclosure. The pixel signal
line SGL corresponds to a specific example of a “signal line”
in the present disclosure. The drive electrode COML corre-
sponds to a specific example of a “drive electrode” in the
present disclosure. The liquid crystal element L.C corre-
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sponds to a specific example of a “display functional layer”
in the present disclosure. The source driver 13 and the drive
electrode driver 14 correspond to a specific example of a
“scanning drive unit” in the present disclosure. The touch
detection electrode TDL corresponds to a specific example
of a “touch detection electrode” in the present disclosure.

1-1B. Operations and Functions

[0119] Next, operations and functions of the display
device with a touch detection function 1 according to the
first embodiment will be described. In the following descrip-
tion, the drive signal Vcom used as a drive signal for display
is denoted as the display drive voltage VcomDC and the
drive signal Vcom used as a drive signal for touch detection
is denoted as the drive signal VcomAC. FIG. 18 is an
explanatory diagram for illustrating exemplary timing wave-
forms in the display device with a touch detection function
1. FIG. 19 is an explanatory diagram for representing an
operation example of touch detection scanning FIG. 20 is an
explanatory diagram for illustrating a relationship between
waveforms of the drive control signal EXVCOM and the
drive signal VcomAC.

[0120] Outline of General Operation

[0121] The control unit 11 supplies control signals to the
gate driver 12, the source driver 13, the drive electrode
driver 14, and the touch detection unit 40, respectively,
based on the video signal Vdisp supplied from outside and
controls them so as to be operated in synchronization with
one another. The gate driver 12 supplies the scanning signal
Vscan to the liquid crystal display unit 20 in a display
operation period Pd illustrated in FIG. 20 and sequentially
selects one horizontal line to be driven for display. The
source driver 13 and the source selector 13S provide the
pixel signal Vpix to each of the pixels Pix making up one
horizontal line selected by the gate driver 12 in the display
operation period Pd.

[0122] The drive electrode driver 14 applies the display
drive voltage VecomDC to the drive electrode block B
associated with one horizontal line in the display operation
period Pd. In a touch detection operation period Pt, the drive
signal VcomAC with a frequency higher than that of the
display drive voltage VcomDC is sequentially applied to
each of the drive electrode blocks B associated with the
touch detection operation, thereby sequentially selecting one
detection block. The display unit with a touch detection
function 10 performs a display operation in the display
operation period Pd based on the signals provided by the
gate driver 12, the source driver 13, and the drive electrode
driver 14. The display unit with a touch detection function
10 performs a touch detection operation in the touch detec-
tion operation period Pt based on the drive signal VcomAC
provided by the drive electrode driver 14 and outputs the
touch detection signal Vdet from the touch detection elec-
trode TDL. The touch detection signal amplifier 42 amplifies
and then outputs the touch detection signal Vdet. The A/D
convertor 43 converts the analog signal outputted from the
touch detection signal amplifier 42 into a digital signal at
timings synchronized with the drive signal VcomAC. The
signal processor 44 detects the presence or absence of a
touch with respect to the touch detection device 30 based on
the output signal from the A/D convertor 43. When a touch
is detected in the signal processor 44, the coordinate extrac-
tor 45 obtains the touch panel coordinate and outputs the
touch panel coordinate as the signal output Vout.
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[0123] Detailed Operations

[0124] Detailed operations of the display device with a
touch detection function 1 will be described next.

[0125] (CA) illustrated in FIG. 18 represents a waveform
of the drive signal Vcom. (CB) illustrated in FIG. 18
represents waveforms of the scanning signals Vscan. (CC)
illustrated in FIG. 18 represents a waveform of the image
signal Vsig. (CD) illustrated in FIG. 18 represents wave-
forms of the switch control signals Vsel. (CE) illustrated in
FIG. 18 represents waveforms of the pixel signals Vpix.
(CF) illustrated in FIG. 18 represents a waveform of the
drive electrode selection signal VCOMSEL. (CG) illustrated
in FIG. 18 represents waveforms of the drive signals Vcom.
(CH) illustrated in FIG. 18 represents a waveform of the
touch detection signal Vdet.

[0126] In the display device with a touch detection func-
tion 1, the touch detection operation and the display opera-
tion are performed in every one horizontal period (1H). In
the display operation, the gate driver 12 performs display
scanning by sequentially applying the scanning signal Vscan
to each of the scanning signal lines GCL. In the touch
detection operation, the drive electrode driver 14 performs
the touch detection scanning by sequentially applying the
drive signal VcomAC to each of the drive electrode blocks
B. Then, the touch detection unit 40 detects a touch based on
the touch detection signal Vdet outputted from the touch
detection electrode TDL. The details thereof will be
explained below.

[0127] First, after one horizontal period (1H) is started at
a timing t0, the scanning controller 51 of the drive electrode
driver 14 changes the voltage of the drive electrode selection
signal VCOMSEL from a low level to a high level at a
timing t1 (FIG. 18 (CF)). In the drive electrode driver 14, the
selection switch SW1 is thereby put in an ON state in the
k-th drive part 53(%) associated with the touch detection
operation. As a result, the drive signal VcomAC (FIG. 18
(CA)) generated by the drive signal generator 14Q is
applied, through that selection switch SW1, to the drive
electrodes COML making up the corresponding k-th drive
electrode block B(k) as the drive signal Vcom(B(k)) (FIG.
18 (CGQ)). In the drive parts 53 excluding the drive part
53(k), the selection switches SW2, SW3, and SW4 exclud-
ing the selection switch SW1 are put in an OFF state. As a
result, the drive electrodes COML excluding the drive
electrodes COML making up the drive electrode block B(k)
are put in a floating state. In this case, a fixed potential may
be provided to the pixel signal lines SGL by fixing all of the
switch control signals VselR, VselG, and VselB at a high
level and making all of the switches SWR, SWG, and SWB
perform an ON operation. Supplying the fixed potential to
the pixel signal lines SGL can suppress an effect of a
potential change on the drive electrode COML and reduce
noise to the pixel signal lines SGL.

[0128] Next, the drive signal generator 14QQ changes the
voltage of the drive signal VcomAC from a low level to a
high level at a timing 2 (FIG. 18 (CA)). Specifically, in the
drive signal generator 14Q), the buffer 63 supplies a current
through the switching circuit 65 based on the drive control
signal EXVCOM. As a result, the voltage of the drive signal
VeomAC is changed from a low level to a high level. Along
with this, an AC rectangular wave changing from a low level
to a high level is added to the drive signal Vcom(B(k))
applied to the k-th drive electrode block B(k) (FIG. 18
(CG)). This drive signal Vcom(B(k)) is propagated to the
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touch detection electrode TDL through the capacitance and
the touch detection signal Vdet is thereby changed (FIG. 18
(CH)). The AC rectangular wave may be a single rectangular
wave.

[0129] Next, at a sampling timing ts, the A/D convertor 43
of the touch detection unit 40 performs A/D conversion on
the output signal of the touch detection signal amplifier 42
to which this touch detection signal Vdet has been inputted
(FIG. 18 (CH)). The signal processor 44 of the touch
detection unit 40 performs touch detection based on the A/D
conversion results collected over a plurality of horizontal
periods.

[0130] Next, at a timing t3, the drive signal generator 14Q
changes the voltage of the drive signal VcomAC to the drive
signal Vcom (display drive voltage VcomDC) which is a
drive voltage for display (FIG. 18 (CA)). Specifically, in the
drive signal generator 14Q), the buffer 64 performs current
sinking through the switching circuit 65 based on the drive
control signal EXVCOM, thereby changing the voltage of
the drive signal VcomAC to the display drive voltage
VeomDC. Along with this, the drive signal Vecom(B(k))
applied to the k-th drive electrode block B(k) also changes
from a high level to a low level (FIG. 18(CG)), thereby
changing the touch detection signal Vdet (FIG. 18 (CH)).
[0131] Next, at a timing t4, the scanning controller 51 of
the drive electrode driver 14 changes the voltage of the drive
electrode selection signal VCOMSEL from a high level to a
low level (FIG. 18 (CF)). Accordingly, in the drive electrode
driver 14, the selection switches SW2, SW3, SW4, are put
in the ON state except for in the drive part 53(k). In other
words, all of the switches SW1 to SW4 are put in the ON
state. The display drive voltage VcomDC (FIG. 18 (CA))
generated by the drive signal generator 14Q) is applied to the
drive electrodes COML in the corresponding drive electrode
block B through all of the selection switches SW1 to SW4
(FIG. 18 (CG)).

[0132] Next, at a timing t5, the gate driver 12 applies the
scanning signal Vscan to the n-th row scanning signal line
GCL(n) associated with the display operation, thereby
changing the scanning signal Vscan(n) from a low level to
a high level (FIG. 18 (CB)). Then, the source driver 13 and
the source selector 13S apply the pixel signal Vpix to the
pixel signal lines SGL (FIG. 18 (CE)) and thereby perform
display of the pixels Pix in one horizontal line associated
with the n-th row scanning signal line GCL(n).

[0133] Specifically, the gate driver 12 first changes the
scanning signal Vscan(n) from a low level to a high level at
the timing t5, thereby selecting one horizontal line associ-
ated with the display operation. Then, the source driver 13
supplies a pixel voltage VR for a red sub-pixel SPix to the
source selector 13S as the image signal Vsig (FIG. 18 (CC)).
The source driver 13 also generates the switch control signal
VselR to be at a high level in the period during which that
pixel voltage VR is being provided and supplies it to the
source selector 13S (FIG. 18 (CD)). Then, the source
selector 13S demultiplexes the pixel voltage VR provided by
the source driver 13 from the image signal Vsig by putting
the switch SWR in the ON state in the period during which
the switch control signal VselR is at a high level (write
period PW). The source selector 13S supplies it as the pixel
signal VpixR to the red sub-pixel SPix associated with one
horizontal line through the pixel signal line SGL (FIG. 18
(CE)). Since this pixel signal line SGL is put in a floating
state after the switch SWR is put in the OFF state, the



US 2024/0160308 Al

voltage of this pixel signal line SGL is maintained (FIG. 18
(CE)). Similarly, the source driver 13 supplies a pixel
voltage VG for a green sub-pixel SPix to the source selector
13S together with the corresponding switch control signal
VselG (FIG. 18 (CC) and (CD)). The source selector 13S
demultiplexes this pixel voltage VG from the image signal
Vsig based on the switch control signal VselG. The source
selector 13S supplies it as the pixel signal VpixG to the
green sub-pixel SPix associated with one horizontal line
through the pixel signal line SGL (FIG. 18 (CE)). Thereafter,
the source driver 13 similarly supplies a pixel voltage VB for
a blue sub-pixel SPix to the source selector 13S together
with the corresponding switch control signal VselB (FIG. 18
(CC) and (CD)). The source selector 13S demultiplexes this
pixel voltage VB from the image signal Vsig based on the
switch control signal VselB. The source selector 13S sup-
plies it as the pixel signal VpixB to the blue sub-pixel SPix
associated with one horizontal line through the pixel signal
line SGL (FIG. 18 (CE)).

[0134] Next, at a timing t6, the gate driver 12 changes the
scanning signal Vscan(n) for the n-th row scanning signal
line GCL from a high level to a low level (FIG. 18 (CB)).
Each of the sub-pixels SPix for one horizontal line associ-
ated with the display operation are thereby electrically
disconnected from the pixel signal line SGL.

[0135] At a timing t10, one horizontal period is ended and
a new horizontal period is started.

[0136] Subsequently, by repeating the above-described
operations, a display operation for the entire display screen
is performed by means of line sequential scanning, and by
scanning drive electrode blocks B one by one as will be
described below, a touch detection operation on the entire
touch detection surface is performed in the display device
with a touch detection function 1.

[0137] (CI)illustrated in FIG. 19 represents a waveform of
the drive signal Vcom. (CJ) illustrated in FIG. 19 represents
a waveform of the drive electrode selection signal VCOM-
SEL. (CK) illustrated in FIG. 19 represents waveforms of
the scanning signals ST. (CL) illustrated in FIG. 19 repre-
sents waveforms of the drive signals Vcom. (CM) illustrated
in FIG. 19 represents a waveform of the touch detection
signal Vdet.

[0138] As illustrated in FIG. 19, the drive electrode driver
14 performs touch detection scanning by sequentially apply-
ing the drive signal VcomAC to the corresponding drive
electrode block B (FIG. 19 (CL)) based on the scanning
signal ST (FIG. 19 (CK)) generated by the touch detection
scanning unit 52. At this time, the drive electrode driver 14
applies the drive signal VcomAC to each of the drive
electrode blocks B over a predetermined plurality of hori-
zontal periods, for example (FIG. 19 (CL)). In every one
horizontal period 1H, the touch detection unit 40 samples the
touch detection signal Vdet based on this drive signal
VeomAC. After the sampling in the last horizontal period
among the predetermined plurality of horizontal periods is
completed, the signal processor 44 detects the presence or
absence of a touch with respect to the area corresponding to
that drive electrode block B, or the like, based on these
plurality of sampling results. Since touch detection is per-
formed based on the plurality of sampling results in this
manner, it becomes possible to analyze the sampling results
statistically and to suppress deterioration in the S/N ratio due
to a variation in sampling results. Thus, the touch detection
accuracy can be enhanced.
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[0139] As illustrated in FIG. 20, the display device with a
touch detection function 1 according to the first embodiment
supplies the drive signal Vcom (the display drive voltage
VeomDC and the drive signal VcomAC) to the drive elec-
trode COML in a time division manner separately in the
touch detection operation (touch detection operation period
Pt) and in the display operation (display period Pd).
Although the rectangular wave of the drive signal VcomAC
illustrated in FIG. 18 or FIG. 19 is schematically illustrated
as one rectangular wave, it may have amplitude a plurality
of times as illustrated in FIG. 20. As described above, the
display device with a touch detection function 1 according
to the first embodiment may supply the drive signal Vcom
(the display drive voltage VcomDC and the drive signal
VeomAC) to the drive electrode COML in a time division
manner separately in the touch detection operation (touch
detection operation period Pt) and in the display operation
(display period Pd) in one display horizontal period which is
a display period for one horizontal line. Alternatively, the
display device with a touch detection function 1 according
to the first embodiment may supply the drive signal Vcom
(the display drive voltage VcomDC and the drive signal
VeomAC) to the drive electrode COML in a time division
manner separately in a plurality of touch detection opera-
tions (touch detection operation periods Pt) and in a plurality
of display operations (display periods Pd) in one display
horizontal period. The display device with a touch detection
function 1 according to the first embodiment may process
display operations for a plurality of horizontal periods
during one display period Pd separately in the touch detec-
tion operation (touch detection operation period Pt) and in
the display operation (display period Pd). The display device
with a touch detection function 1 according to the first
embodiment may supply the drive signal Vcom (the display
drive voltage VcomDC and the drive signal VcomAC) to the
drive electrode COML in a time division manner separately
in a plurality of touch detection operations (touch detection
operation periods Pt) and a plurality of display operations
(display periods Pd) in one frame period during which
display for the entire screen of the display area Ad is
performed.

[0140] The drive electrode COML functions as the drive
electrode for the liquid crystal display unit 20 and also as the
drive electrode for the touch detection device 30. Therefore,
there is a possibility that the drive signal Vcom influences
the both. Thus, the drive signal Vcom is applied to the drive
electrode COML separately in the display operation period
Pd during which the display operation is performed and in
the touch detection operation period Pt during which the
touch detection operation is performed. The drive electrode
driver 14 applies the drive signal Vcom as a display drive
voltage in the display operation period Pd during which the
display operation is performed. The drive electrode driver 14
applies the drive signal Vcom as a touch drive signal in the
touch detection operation period Pt during which the touch
detection operation is performed. In this manner, in the
display device with a touch detection function 1, the display
drive voltage VecomDC and the drive signal VcomAC are
supplied to the same wiring LCC at different times. The
waveform of the drive signal VcomAC takes a waveform
synchronized with the rectangular wave of the drive control
signal EXVCOM.

[0141] As illustrated in FIG. 20, in the touch detection
operation, one of the switches SWx for the selected drive
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electrode block STX performs an ON operation (closing
operation) and touch detection scanning is performed by
applying the rectangular wave of the drive signal VcomAC.
Also in the touch detection operation, all of the selection
switches SWx for the unselected drive electrode blocks
NTX perform an OFF operation (opening operation) and are
in a floating state where the potential of the unselected drive
electrode block NTX is not fixed. In this case, in order to
sufficiently set all of the selection switches SWx for the
unselected drive electrode blocks NTX to an OFF state, it is
preferred to adjust the gate potential of the selection
switches SWx for the unselected drive electrode blocks
NTX. For example, when the amplitude of the drive signal
VeomAC is defined as VMA, it is desirable that the gate
potential be adjusted by applying, between the gate and
drain of the selection switch SWx, a reverse bias which is
“greater than or equal to the amplitude VMA of the drive
signal VcomAC and smaller than or equal to a gate-drain
withstanding pressure of the selection switch SWx” so as to
allow for the OFF operation of the selection switch SWx.
The “drain” as used herein refers to a coupling end to which
the drive electrode COML is coupled. As a result, the
malfunction of the selection switches SWx, which is caused
by noise received by the unselected drive electrode blocks
NTX in a floating state, is suppressed.

[0142] The display device with a touch detection function
1 makes all of the SW1 to SW4 perform the ON operation
and applies the display drive voltage VcomDC to the drive
electrodes COML in the display period Pd.

1-1C. Advantageous Effects

[0143] FIG. 21 is an explanatory diagram for explaining a
layout example of wirings and a switch with respect to a
drive electrode according to a comparative example. FIG. 22
is an explanatory diagram for explaining a layout example of
a wiring and a switch with respect to a drive electrode
according to the first embodiment. FIG. 23 is an explanatory
diagram for explaining a layout example of a wiring and a
switch with respect to a drive electrode according to a
modification of the first embodiment. As illustrated in FIG.
21, in the display panel with a touch detection function
described in JP-A-2012-221485, a wiring LDC for supply-
ing the display drive voltage VcomDC to the drive electrode
COML and a wiring LAC for supplying the drive signal
VeomAC to the drive electrode COML need to be arranged
in the frame area. For example, in a liquid crystal display
device using liquid crystals in the transverse electric field
mode such as FFS, the display functional layer tends to
operate in a more stable manner when the wiring LDC is
disposed closer to the pixel corresponding to the color
regions 32R, 32G, and 32B. Thus, the selection switch SW
is disposed between the wirings LAC and LDC. The selec-
tion switch SW is a CMOS switch and includes a transistor
having an N-channel gate clectrode Gtn and a transistor
having a P-channel gate electrode Gtp. The selection switch
SW is coupled to electrically-conductive coupling conduc-
tors SWh1, coupling conductors SWh2, and coupling con-
ductors SWh3. The coupling conductors SWh1 are coupled
to the wiring LAC. The coupling conductors SWh3 are
coupled to the wiring LDC. The coupling conductors SWh2
are coupled to the drive electrode COML. Thus, the selec-
tion switch SW can select one of coupling between the
coupling conductors SWhl and the coupling conductors
SWh2 and coupling between the coupling conductors SWh3
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and the coupling conductors SWh2 based on signals from
the scanning controller 51 to the gate electrodes Gtp and
Gtn.

[0144] On the other hand, in the display device with a
touch detection function 1, the above-described two wirings
LAC and LDC can be combined together and a coupling
resistance or size of the selection switch SW can be halved
as illustrated in FIG. 22. For example, the selection switch
SW according to the first embodiment is a CMOS switch and
coupled to the electrically-conductive coupling conductors
SWhl and SWh2. The coupling conductors SWhl are
coupled to the wiring LCC. The coupling conductors SWh2
are coupled to the drive electrode COML. The selection
switch SW can open or close coupling between the coupling
conductors SWhl and the coupling conductors SWh2
according to signals from the scanning controller 51 to the
gate electrodes Gtp and Gtn. The selection switch illustrated
in FIG. 22 can increase the number of couplings between the
coupling conductors SWh1 and the coupling conductors
SWh2 as compared with the selection switch illustrated in
FIG. 21 if the same installation area as the selection switch
illustrated in FIG. 21 is employed. Thus, the selection switch
SW according to the first embodiment can reduce the
coupling resistance between the coupling conductors SWhi
and the coupling conductors SWh2. The selection switch
SW illustrated in FIG. 22 can be downsized as compared
with the selection switch SW illustrated in FIG. 21 if the
number of couplings between the coupling conductors
SWh1 and the coupling conductors SWh2 is the same as that
in the selection switch SW illustrated in FIG. 21.

[0145] As illustrated in FIG. 23, the occupied proportion
of the selection switch SW to the width of the frame Gd can
be reduced by arranging the transistor having the gate
electrode Gtp and the transistor having the gate electrode
Gtn in the extending direction of the wiring LCC in the
selection switch SW.

[0146] The unselected drive electrode block NTX is in a
state where the potential thereof is not fixed, i.e., in a floating
state. Thus, a parasitic capacitance generated between the
touch detection electrode TDL and the unselected drive
electrode block NTX is reduced. If the parasitic capacitance
is reduced, the waveform rise and fall time constant of the
drive signal VcomAC provided to the wiring LCC is
improved by about 5% to 10%. As a result, the wiring LCC
according to the first embodiment can also cancel out the
effect of the time constant even if it is narrowed.

[0147] The drive signal generator 14Q can output the
display drive voltage VcomDC without separately including
a low-level voltage generator 62 dedicated to the display
drive voltage VcomDC. Thus, the transistor integration
percentage in the COG 19 can be reduced, thereby being
able to reduce the area of the COG 19.

1-2. Second Embodiment

[0148] Next, a display device with a touch detection
function 1 according to the second embodiment will be
described. FIG. 24 is a block diagram illustrating a drive
signal generator of a drive electrode driver according to the
second embodiment. FIG. 25 is an explanatory diagram for
illustrating a relationship between waveforms of a drive
control signal and an AC drive signal. Components identical
to those explained in the above-described first embodiment
will be denoted by the same reference numerals and redun-
dant description will not be repeated.
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[0149] As illustrated in FIG. 24, a drive signal generator
14Q includes a high-level voltage generator 61, a voltage
control unit 618, a low-level voltage generator 62, buffers 63
and 64, a switching circuit 65, and a switching pulse
selecting circuit 66. In the drive signal generator 14Q, a
drive control signal EXVCOM, an inversion control signal
FRP, and a touch detection period identification signal
TSHD are inputted to the switching pulse selecting circuit
66 from the control unit 11. The inversion control signal FRP
is a signal inverted for every one horizontal period. The
touch detection period identification signal TSHD is an
identification signal which exhibits a high voltage value in
the touch detection operation period Pt during which a touch
detection operation is performed and exhibits a low voltage
value in the display operation period Pd during which a
display operation is performed as illustrated in FIG. 25. The
voltage control unit 618 is a control circuit for controlling,
when the high voltage value of the touch detection period
identification signal TSHD is not inputted, the high-level
voltage generator 61 to generate a voltage which is higher
than a voltage generated by the low-level voltage generator
62 and which has a voltage value different from a voltage
generated when the high voltage value of the touch detection
period identification signal TSHD is inputted.

[0150] The switching pulse selecting circuit 66 selects the
pulse of the drive control signal EXVCOM if the high
voltage value of the touch detection period identification
signal TSHD exceeding a predetermined threshold value is
inputted.

[0151] As illustrated in FIG. 25, the switching circuit 65
generates a drive signal VcomAC by alternately repeating a
case where the potential is at a high level and a case where
the potential is at a low level based on the drive control
signal EXVCOM. When the potential of the drive control
signal EXVCOM is at a high level, the switching circuit 65
outputs the voltage provided by the buffer 63. When the
potential of the drive control signal EXVCOM is at a low
level, the switching circuit 65 outputs the voltage supplied
from the buffer 64.

[0152] The switching pulse selecting circuit 66 selects the
pulse of the inversion control signal FRP if the high voltage
value of the touch detection period identification signal
TSHD exceeding the predetermined threshold value is not
inputted.

[0153] As illustrated in FIG. 25, the switching circuit 65
generates a drive signal VcomDC, which is inverted like an
alternating current, by alternately repeating a case where the
potential is at a high level and a case where the potential is
at a low level based on the pulse of the inversion control
signal FRP. When the potential of the inversion control
signal FRP is at a high level, the switching circuit 65 outputs
the voltage supplied from the buffer 63. When the potential
of the inversion control signal FRP is at a low level, the
switching circuit 65 outputs the voltage provided by the
buffer 64. Therefore, the display drive voltage VcomDC and
the drive signal VcomAC are applied with different voltage
values and pulse widths. Thus, the display device with a
touch detection function 1 according to the second embodi-
ment can apply the display drive voltage VcomDC at any
voltage in accordance with the liquid crystal display unit 20.
The display device with a touch detection function 1 accord-
ing to the second embodiment can also reduce its power
consumption by reducing the amplitude of the pixel signal
Vpix.
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[0154] The display devices with a touch detection function
1 according to the first embodiment and the second embodi-
ment have a possibility that the specific resistance (sub-
stance-specific resistance value) of liquid crystals, or the
like, is deteriorated due to a homopolar direct-current volt-
age continuously applied to the liquid crystal element L.C. In
order to prevent deterioration in the specific resistance
(substance-specific resistance value) of liquid crystals, or the
like, the display device with a touch detection function 1
according to the first embodiment can employ a driving
scheme with which the polarity of a video signal is inverted
with a predetermined cycle with the potential of the display
drive voltage VcomDC used as a reference.

[0155] For example, as a driving scheme for the liquid
crystal display unit 20, a driving scheme such as line
inversion, dot inversion, or frame inversion is known. The
line inversion is a driving scheme with which the polarity of
a video signal is inverted with a time cycle of 1H (H is a
horizontal period) corresponding to one line (one pixel row).
The dot inversion is a driving scheme with which the
polarity of a video signal is inverted in an alternate manner
for each of pixels adjacent to each other in the vertical and
horizontal directions. The frame inversion is a driving
scheme with which the same polarity of video signals
written into all pixels is inverted at once for every one frame
corresponding to one screen. The display device with a
touch detection function 1 according to the first embodiment
can employ one of the line inversion and dot inversion
driving schemes.

[0156] The display device with a touch detection function
1 according to the second embodiment can invert (change)
the potential of the predetermined voltage of the display
drive voltage VcomDC at predetermined intervals. Thus, the
line inversion driving scheme can be employed.

1-3. Third Embodiment

[0157] Next, a display device with a touch detection
function 1 according to the third embodiment will be
described. FIG. 26 is a block diagram illustrating a drive
signal generator of a drive electrode driver according to the
third embodiment. FIG. 27 is an explanatory diagram for
illustrating a relationship between waveforms of a drive
control signal and an AC drive signal. Components identical
to those explained in the above-described first and second
embodiments will be denoted by the same reference numer-
als and redundant description will not be repeated.

[0158] As illustrated in FIG. 26, a drive signal generator
14Q includes a high-level voltage generator 61, a low-level
voltage generator 62, buffers 63 and 64, a switching circuit
65, and a logic (AND) circuit 67. In the drive signal
generator 14Q), a drive control signal EXVCOM and a touch
detection period identification signal TSHD are inputted to
the logic circuit 67 from the control unit 11. The touch
detection period identification signal TSHD is an identifi-
cation signal which exhibits a high voltage value in the touch
detection operation period Pt during which a touch detection
operation is performed and exhibits a low voltage value in
the display operation period Pd during which a display
operation is performed as illustrated in FIG. 27. The switch-
ing circuit 65 includes a switch SW651 which performs an
ON operation according to an output of the logic circuit 67,
a switch SW652 which performs an ON operation according
to an output of the logic circuit 67, and a switch SW653
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which performs an ON operation according to the touch
detection period identification signal TSHD.

[0159] The high-level voltage generator 61 generates a
high-level voltage of the drive signal VcomAC. The low-
level voltage generator 62 generates a direct-current voltage
of the display drive voltage VcomDC. The voltage supplied
from the high-level voltage generator 61 through the buffer
63 is supplied to the switch SW651 of the switching circuit
65. A constant voltage, e.g., a fixed voltage GND which is
a ground voltage, is supplied to the switch SW652 of the
switching circuit 65. The voltage supplied from the low-
level voltage generator 62 through the buffer 64 is supplied
to the switch SW653 of the switching circuit 65. A specific
example of a first voltage in the present disclosure is the
voltage generated by the high-level voltage generator 61. A
specific example of a second voltage in the present disclo-
sure is the voltage generated by the low-level voltage
generator 62. A specific example of a third voltage in the
present disclosure is the fixed voltage GND.

[0160] When the potential of the touch detection period
identification signal TSHD is at a high level, the switch
SW653 performs an OFF operation, thereby not outputting
the output of the buffer 64 to an output terminal 65E. When
the potential of the touch detection period identification
signal TSHD is at a high level and the potential of the drive
control signal EXVCOM is at a high level, the switch
SW651 performs an ON operation, thereby outputting the
output of the buffer 63 to the output terminal 65E as the
high-level potential of the drive signal VcomAC. When the
potential of the touch detection period identification signal
TSHD is at a high level and the potential of the drive control
signal EXVCOM is at a low level, the switch SW651
performs an OFF operation, thereby not outputting the
output of the buffer 63 to the output terminal 65E.

[0161] When the potential of the touch detection period
identification signal TSHD is at a high level and the potential
of the drive control signal EXVCOM is at a low level, the
switch SW652 performs an ON operation, thereby output-
ting the fixed voltage GND to the output terminal 65E as the
low-level potential of the drive signal VcomAC. When the
potential of the touch detection period identification signal
TSHD is at a high level and the potential of the drive control
signal EXVCOM is at a high level, the switch SW652
performs an OFF operation, thereby not outputting the fixed
voltage GND to the output terminal 65E. Thus, in the touch
detection operation period Pt, the switching circuit 65 gen-
erates the drive signal VcomAC by alternately repeating the
high-level potential generated by the high-level voltage
generator 61 and the potential of the fixed voltage GND
based on the drive control signal EXVCOM.

[0162] When the potential of the touch detection period
identification signal TSHD is at a low level, the switch
SW651 and the switch SW652 each perform an OFF opera-
tion regardless of the drive control signal EXVCOM. When
the potential of the touch detection period identification
signal TSHD is at a low level, the switch SW653 performs
an ON operation, thereby outputting the output of the buffer
64 to the output terminal 65E as the display drive voltage
VeomDC. In this manner, the display drive voltage
VeomDC is supplied to the output terminal 65E in the
display period Pd.

[0163] In the display device with a touch detection func-
tion 1 according to the third embodiment, the lower potential
of the drive signal VcomAC supplied to the drive electrode
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COML is the ground potential. Therefore, the drive signal
generator 14Q can make the rectangular wave of the drive
signal VcomAC fall without the on-resistance of the buffer
64. As a result, the fall of the drive signal VcomAC is
accelerated, thereby making it possible to narrow the pulse
width of the rectangular wave of the drive signal VcomAC
s0 as to achieve high-speed driving. The display device with
a touch detection function 1 according to the third embodi-
ment can also reduce its power consumption. It is also
possible to combine the configuration of the third embodi-
ment and the configuration of the second embodiment.

1-4. Modification

[0164] Although the present disclosure has been described
above with reference to some embodiments and modifica-
tion, the present disclosure is not limited to these embodi-
ments or the like and various modifications are possible.
[0165] In the display device with a touch detection func-
tion 1 according to each of the above-described embodi-
ments and modification, the liquid crystal display unit 20
using liquid crystals in various modes such as FFS and IPS
and the touch detection device 30 can be integrated together
to obtain the display unit with a touch detection function 10.
FIG. 28 is a cross-sectional view representing a schematic
cross-sectional structure of the display device with a touch
detection function according to a modification. Instead, in
the display unit with a touch detection function 10 according
to the modification illustrated in FIG. 28, liquid crystals in
various modes including a twisted nematic (TN), a vertical
alignment (VA), and an electrically controlled birefringence
(ECB), and the touch detection device can be integrated
together.

[0166] As illustrated in FIG. 28, in a case where the drive
electrodes COML are disposed in the counter substrate 3, the
wiring LCC may be included in the counter substrate 3. This
configuration makes the distance between the drive elec-
trodes COML and the wiring LCC smaller. The wiring LCC
is arranged in the frame area Gd positioned outside the
display area Ad in the direction perpendicular to the TFT
substrate 21.

[0167] Although the apparatus in which the liquid crystal
display unit 20 and the capacitance type touch detection
device 30 are integrated together is employed in each of the
above-described embodiments, this is not a limitation.
Instead, it may be a device on which the liquid crystal
display unit 20 and the capacitance type touch detection
device 30 are mounted, for example. In the case of such a
device on which the liquid crystal display unit 20 and the
capacitance type touch detection device 30 are mounted, the
drive electrode COML in the pixel substrate 2 illustrated in
FIG. 8 is used as a first drive electrode COML and a second
drive electrode COML is additionally provided on a surface
of'the glass substrate 31. The first drive electrode COML and
the second drive electrode COML are electrically coupled to
each other. Also in this case, by employing the configuration
as described above, touch detection can be performed while
suppressing effects of external noise and noise transmitted
from the liquid crystal display device (that corresponding to
the internal noise in each of the above-described embodi-
ments).

2. Application Examples

[0168] Next, application examples of the display device
with a touch detection function 1 described in each of the
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embodiments and the modifications will be described with
reference to FIGS. 29 to 41. FIGS. 29 to 41 are diagrams
each illustrating an example of an electronic apparatus to
which any one of the display devices with a touch detection
function according to the embodiments of the present dis-
closure is applied. The display devices with a touch detec-
tion function 1 according to the first, second, and third
embodiments and the modifications can be applied to elec-
tronic apparatuses in any fields such as TV apparatuses,
digital cameras, notebook personal computers, portable
electronic apparatuses such as mobile phones, or video
cameras. In other words, the display devices with a touch
detection function 1 according to the first, second, and third
embodiments and the modifications can be applied to elec-
tronic apparatuses in any fields for displaying externally-
inputted video signals or internally-generated video signals
as images or videos.

Application Example 1

[0169] An electronic apparatus illustrated in FIG. 29 is a
TV apparatus to which any one of the display devices with
a touch detection function 1 according to the first, second,
and third embodiments and the modifications is applied.
This TV apparatus includes a video display screen unit 510
containing a front panel 511 and a filter glass 512, for
example. This video display screen unit 510 is any one of the
display devices with a touch detection function according to
the first, second, and third embodiments and the modifica-
tions.

Application Example 2

[0170] An electronic apparatus illustrated in FIGS. 30 and
31 is a digital camera to which any one of the display devices
with a touch detection function 1 according to the first,
second, and third embodiments and the modifications is
applied. This digital camera includes: a flash light-emitting
unit 521; a display unit 522; a menu switch 523; and a
shutter release button 524, for example. The display unit 522
is any one of the display devices with a touch detection
function according to the first, second, and third embodi-
ments and the modifications.

Application Example 3

[0171] An electronic apparatus illustrated in FIG. 32 illus-
trates an appearance of a video camera to which any one of
the display devices with a touch detection function 1 accord-
ing to the first, second, and third embodiments and the
modifications is applied. This video camera includes: a main
body unit 531; a lens 532 for capturing an object, which is
provided on a front side surface of the main body unit 531;
a start/stop switch 533 for photographing; and a display unit
534, for example. The display unit 534 is any one of the
display devices with a touch detection function according to
the first, second, and third embodiments and the modifica-
tions.

Application Example 4

[0172] An electronic apparatus illustrated in FIG. 33 is a
notebook personal computer to which any one of the display
devices with a touch detection function 1 according to the
first, second, and third embodiments and the modifications is
applied. This notebook personal computer includes: a main
body 541; a keyboard 542 provided for an operation of
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inputting characters and the like; and a display unit 543 for
displaying an image, for example. The display unit 543 is
any one of the display devices with a touch detection
function according to the first, second, and third embodi-
ments and the modifications.

Application Example 5

[0173] An electronic apparatus illustrated in FIGS. 34 to
40 is a mobile phone to which any one of the display devices
with a touch detection function 1 according to the first,
second, and third embodiments and the modifications is
applied. For example, this mobile phone is configured by
coupling an upper housing 551 with a lower housing 552 by
means of a coupling unit (hinge unit) 553, and includes: a
display 554; a sub-display 555; a picture light 556; and a
camera 557. The display 554 or the sub-display 555 is any
one of the display devices with a touch detection function
according to the first, second, and third embodiments and the
modifications.

Application Example 6

[0174] An electronic apparatus illustrated in FIG. 41 oper-
ates as a portable computer, a multifunctional mobile phone,
a portable computer capable of making a voice phone call,
or a portable computer capable of communications. This is
a personal digital assistant sometimes referred to as a
so-called smartphone or tablet terminal. This personal digi-
tal assistant includes a display unit 562 on a surface of a
housing 561, for example. This display unit 562 is any one
of the display devices with a touch detection function 1
according to the first, second, and third embodiments and the
modifications.

3. Aspects of Present Disclosure

[0175] The present disclosure includes the following
aspects.
[0176] (1) A display device with a touch detection func-

tion, comprising:
[0177] a display area where a plurality of pixel elec-
trodes are arranged in a matrix shape above a substrate;
[0178] multi-divided drive electrodes provided so as to
face the pixel electrodes;

[0179] a display functional layer having an image dis-
play function of displaying an image on the display
area;

[0180] a control device for performing image display

control by applying a display drive voltage between the
pixel electrodes and the drive electrodes based on an
image signal to exert the image display function of the
display functional layer;

[0181] a touch detection electrode facing the drive
electrodes and forming a capacitance between the touch
detection electrode and the drive electrodes;

[0182] a touch detection unit for detecting a position of
a proximity object based on a detection signal from the
touch detection electrode;

[0183] a wiring arranged in a frame area positioned
outside the display area; and

[0184] a plurality of selection switches for selecting the
drive electrodes to be coupled to the wiring based on a
selection signal of the control device, wherein the
control device supplies the display drive voltage and a
touch drive signal to the same wiring at different times.
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[0185] (2) The display device with a touch detection
function according to (1), wherein when the touch drive
signal is provided to the wiring, the control device makes a
selection switch corresponding to the selection signal among
the plurality of selection switches perform a closing opera-
tion so as to apply the touch drive signal to a selected one
of the drive electrodes.
[0186] (3) The display device with a touch detection
function according to (2), wherein the control device makes
the plurality of selection switches excluding the selection
switch corresponding to the selection signal perform an
opening operation so as not to fix a potential of an unselected
one of the drive electrodes.
[0187] (4) The display device with a touch detection
function according to (1), wherein when the display drive
voltage is provided to the wiring, the control device makes
all of the plurality of selection switches perform a closing
operation so as to apply the display drive voltage to the
plurality of drive electrodes.
[0188] (5) The display device with a touch detection
function according to (1), wherein

[0189] the control device further includes a drive signal

generator for generating the display drive voltage and
the touch drive signal;

[0190] the drive signal generator includes

[0191] a first voltage generator for generating a first
voltage,

[0192] a second voltage generator for generating a
second voltage lower than the first voltage, and

[0193] a switching circuit for generating the touch
drive signal by switching between the first voltage
and the second voltage according to a pulse of a drive
control signal; and

[0194] when the pulse of the drive control signal does
not exist, the switching circuit outputs one of the first
voltage and the second voltage as the display drive
voltage, and when the pulse of the drive control signal
exists, the switching circuit outputs a rectangular wave
switched between the first voltage and the second
voltage as the touch drive signal.

[0195] (6) The display device with a touch detection
function according to (5), wherein the drive signal generator
identifies a period during which the touch drive signal is
supplied to the wiring and a period during which the display
drive voltage is supplied to the wiring, and changes the first
voltage accordingly.

[0196] (7) The display device with a touch detection
function according to (1), wherein

[0197] the control device further includes a drive signal
generator for generating the display drive voltage and
the touch drive signal;

[0198] the drive signal generator includes

[0199] a first voltage generator for generating a first
voltage,

[0200] a second voltage generator for generating a
second voltage lower than the first voltage,

[0201] a switching pulse selecting circuit for select-
ing between a pulse of an inversion control signal
inverted for every one horizontal period and a pulse
of a drive control signal, and

[0202] a switching circuit for switching between the
first voltage and the second voltage; and

[0203] when the pulse of the inversion control signal is
selected, the switching circuit outputs a rectangular
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wave switched between the first voltage and the second

voltage according to the pulse of the inversion control

signal as the display drive voltage, and when the pulse

of the drive control signal exists, the switching circuit

outputs a rectangular wave switched between the first

voltage and the second voltage according to the pulse

of the drive control signal as the touch drive signal.
[0204] (8) The display device with a touch detection
function according to (1), wherein:

[0205] the control device further includes a drive signal
generator for generating the display drive voltage and
the touch drive signal;

[0206] the drive signal generator includes:

[0207] a first voltage generator for generating a first
voltage,

[0208] a second voltage generator for generating a
second voltage lower than the first voltage, and

[0209] a switching circuit for outputting the touch
drive signal or the display drive voltage based on the
first voltage, the second voltage, and a third voltage
which is a constant voltage according to an identi-
fication signal for identifying a touch detection
operation period during which a touch detection
operation is performed and a display operation
period during which a display operation is per-
formed; and

[0210] in the case of the display operation period, the
switching circuit outputs the second voltage as the
display drive voltage, and in the case of the touch
detection operation period, the switching circuit out-
puts a rectangular wave switched between the first
voltage and the third voltage as the touch drive signal.

[0211] (9) An electronic apparatus comprising a display
device with a touch detection function capable of detecting
an external proximity object, wherein

[0212] the display device with a touch detection func-
tion comprises:

[0213] a display area where a plurality of pixel elec-
trodes are arranged in a matrix shape above a sub-
strate;

[0214] multi-divided drive electrodes provided so as
to face the pixel electrodes;

[0215] a display functional layer having an image
display function of displaying an image on the
display area;

[0216] a control device for performing image display
control by applying a display drive voltage between
the pixel electrodes and the drive electrodes based on
an image signal to exert the image display function
of the display functional layer;

[0217] a touch detection electrode facing the drive
electrodes and forming a capacitance between the
touch detection electrode and the drive electrodes;

[0218] a touch detection unit for detecting a position
of a proximity object based on a detection signal
from the touch detection electrode;

[0219] a wiring arranged in a frame area positioned
outside the display area; and

[0220] a plurality of selection switches for selecting
the drive electrodes to be coupled to the wiring based
on a selection signal of the control device, and

[0221] the control device supplies the display drive
voltage and a touch drive signal to the same wiring at
different times.
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[0222] The electronic apparatus of the present disclosure
includes the above-described display device with a touch
detection function. Examples of the electronic apparatus
include, but are not limited to, television devices, digital
cameras, personal computers, video cameras, portable elec-
tronic apparatuses such as a mobile phone, etc.
[0223] The display device with a touch detection function
and the electronic apparatus of the present disclosure can
narrow the frame while suppressing an effect of touch
detection on display.
[0224] According to one embodiment of the display
device with a touch detection function and the electronic
apparatus of the present disclosure, a thinner profile, a larger
screen, or a higher definition can be realized.
[0225] 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
departing 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,
comprising:
pixel electrodes arranged in a matrix on a substrate;
transistors each coupled to corresponding one of the pixel
electrodes;
common electrodes facing the pixel electrodes;
scan lines extending in a first direction and arranged in a
second direction intersecting the first direction, the scan
lines being coupled to the pixel electrodes;
pixel signal lines extending in the second direction and
arranged in the first direction, the pixel signal lines
being coupled to the pixel electrodes; and
a control circuit configured to control the common elec-
trodes to supply the common electrodes with a DC
(direct current) voltage during a display period, and
with an AC (alternating current) voltage during a
detection period.
2. The display device according to claim 1, wherein one
frame period includes:
the detection period divided into a plurality of terms; and
the display period is divided into a plurality of terms.
3. The display device according to claim 1, wherein a scan
period for one line includes:
the detection period in which the AC voltage is supplied
to the common electrodes; and
the display period in which the DC voltage is supplied to
the common electrodes.
4. The display device according to claim 1, further com-
prising switches, wherein
one ends of the switches are coupled to one another and
supplied with an image signal.
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5. The display device according to claim 4, wherein,

in a horizontal period, the image signal corresponding
respectively to a red pixel, a green pixel, and a blue
pixel is supplied via the switches.

6. The display device according to claim 1, wherein scan
lines overlap the common electrodes.

7. The display device according to claim 6, wherein the
common electrodes are respectively driven sequentially in
each of the horizontal periods.

8. The display device according to claim 7, wherein a
plurality of detection drives are performed in one frame
period.

9. The display device according to claim 1, wherein the
control circuit is disposed at a terminal side of the substrate.

10. A display device with a touch detection function,
comprising:

pixel electrodes arranged in a matrix on a substrate;

transistors each coupled to corresponding one of the pixel

electrodes;

drive electrodes facing the pixel electrodes;

scan lines extending in a first direction and arranged in a

second direction intersecting the first direction, the scan
lines being coupled to the pixel electrodes;

pixel signal lines extending in the second direction and

arranged in the first direction, the pixel signal lines
being coupled to the pixel electrodes; and

a control circuit configured to control the drive electrodes

to supply the drive electrodes with a DC voltage during
adisplay period, and with an AC voltage during a touch
detection period.

11. The display device according to claim 10, wherein one
frame period includes:

the detection period divided into a plurality of terms; and

the display period divided into a plurality of terms.

12. The display device according to claim 10, wherein a
scan period for one line includes:

the detection period in which the AC voltage is supplied

to the drive electrodes; and

the display period in which the DC voltage is supplied to

the drive electrodes.

13. The display device according to claim 10, further
comprising switches, wherein one ends of the switches are
coupled to one another and supplied with an image signal.

14. The display device according to claim 13, wherein,

in a horizontal period, the image signal corresponding

respectively to a red pixel, a green pixel, and a blue
pixel is supplied via the switches.

15. The display device according to claim 10, wherein
scan lines overlap the drive electrodes.

16. The display device according to claim 15, wherein the
drive electrodes are respectively driven sequentially in each
of the horizontal periods.

17. The display device according to claim 16, wherein a
plurality of detection drives are performed in one frame
period.

18. The display device according to claim 10, wherein the
control circuit is disposed at a terminal side of the substrate.
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