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(7) ABSTRACT

A pixel circuit, an organic electroluminescent display panel
and a display device are provided. The pixel circuit includes
a drive sub-module (1), a data write sub-module (2), a touch
detection sub-module (3) having a photosensitive device and
a light-emitting control sub-module (4) having a luminous
device. Under the control of the reset signal terminal (Re-
set), the scan signal terminal (Scan) and the data signal
terminal (Data), a data signal is transmitted to the first
terminal (1a) of the drive sub-module (1) by the data write
sub-module (2). Under the control of the touch control signal
terminal (Select), the touch detection sub-module (3) con-
trols output of a touch detection signal from the drive
sub-module (1) to the touch signal read terminal, the touch
detection signal being decreased as the light intensity irra-
diated onto the photosensitive device is increased, so as to
realize a touch function. Under the control of the light-
emitting control signal terminal (EM), the light-emitting
control sub-module (4) controls the drive sub-module to
drive the luminous device (1) to give off light, so as to
realize a display function. Touch and display functions are
integrated in the pixel circuit, so that the production cost
involved in arranging a display driving circuit and a touch
circuit separately can be saved.

17 Claims, 9 Drawing Sheets
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PIXEL CIRCUIT, ORGANIC
ELECTROLUMINESCENT DISPLAY PANEL
AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of PCT/CN2014/
077616 filed on May 15, 2014, which claims priority under
35 US.C. §119 of Chinese Application No.
201310329847 X filed on Jul. 31, 2013, the disclosure of
which is incorporated by reference.

TECHNICAL FIELD

Embodiments of the present invention relate to a pixel
circuit, an organic electroluminescent display panel and a
display device.

BACKGROUND

As the display devices are developing in the direction of
lightness and thinness, high resolution, intellectualization,
and energy-saving, the use of Touch Screen Panels is wider
and wider. Currently, an In Cell Touch Panel gets the favors
of the major panel manufacturer, and this is because that
touch components are embedded inside a display panel, so
that the overall thickness of the module can be decreased,
and the production cost of the touch panel can be greatly
reduced as well. While an Organic Light Emitting Diode
(OLED) display panel attracts a lot of attentions by virtue of
its advantages of low power consumption, high brightness,
low cost, wide viewing angle, fast response speed and so on.

In existing in-cell touch panel OLED display panels,
circuits used to realize the display drive and the touch drive
for them are separately designed in general. Namely, a set of
circuits is useful for realization of a touch function, and
another set of circuits is useful for realization of a display
driving function of the OLED. But, separate arrangement of
a display drive circuit and a touch circuit will suffer in the
drawbacks of higher production cost, heavier display screen
and being thicker.

SUMMARY

According to an embodiment of the present invention,
there is provided a pixel circuit, comprising: a drive sub-
module, a data write sub-module, a touch detection sub-
module having a photosensitive device, and a light-emitting
control sub-module having a luminous device, wherein,

a first terminal of the drive sub-module is connected 1o a
first terminal of the data write sub-module and a first
terminal of the touch detection sub-module, respectively, a
second terminal of the drive sub-module is connected to a
second terminal of the data write sub-module, a second
terminal of the touch detection sub-module and a first
reference signal terminal, respectively, a third terminal of
the drive sub-module is connected to a third terminal of the
data write sub-module, a third terminal of the touch detec-
tion sub-module and a first terminal of the light-emitting
control sub-module, respectively;

a fourth terminal of the data write sub-module is con-
nected to a reset signal terminal, a fifth terminal of the data
write sub-module is connected to a scan signal terminal, a
sixth terminal of the data write sub-module is connected to
a data signal terminal; under the control of the reset signal
terminal, the scan signal terminal and the data signal termi-
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2

nal, a data signal is transmitted to the first terminal of the
drive sub-module by the data write sub-module;

a fourth terminal of the touch detection sub-module is
connected to a touch control signal terminal, a fifth terminal
of the touch detection sub-module is connected to a touch
signal read terminal; under the control of the touch control
signal terminal, the touch detection sub-module controls
output of a touch detection signal from the drive sub-module
to the touch signal read terminal, the touch detection signal
being decreased as the light intensity irradiated onto the
photosensitive device is increased,

a second terminal of the light-emitting control sub-mod-
ule is connected to a second reference signal terminal, a third
terminal of the light-emitting control sub-module is con-
nected to a light-emitting control signal terminal; under the
control of the light-emitting control signal terminal, the
light-emitting control sub-module controls the drive sub-
module to drive the luminous device to give off light.

As regards a pixel circuit provided by embodiments of the
invention, under the control of a reset signal terminal, a scan
signal terminal and a data signal terminal, a data signal is
transmitted to a first terminal of the drive sub-module by the
data write sub-module; under the control of a touch control
signal terminal, the touch detection sub-module controls
output of a touch detection signal from the drive sub-module
to a touch signal read terminal, wherein the touch detection
signal is decreased as the light intensity irradiated onto the
photosensitive device is increased, so as to achieve a touch
detecting function; under the control of a light-emitting
control signal terminal, the light-emitting control sub-mod-
ule takes control of the drive sub-module’s driving the
luminous device to give off light, so as to achieve a display
driving function. Touch and display functions are integrated
in the pixel circuit, so that the production cost involved in
arranging a display driving circuit and a touch circuit
separately can be saved, and thickness of the display panel
can be thinned as well.

In an example, the first terminal and the second terminal
of the drive sub-module are signal input terminals, and the
third terminal of the drive sub-module is a signal output
terminal;

the first terminal of the data write sub-module is a signal
output terminal, the second terminal, the third terminal, the
fourth terminal, the fifth terminal and the sixth terminal, of
the data write sub-module are signal input terminals;

one of the first terminal and the second terminal of the
touch detection sub-module is a signal input terminal, the
other one of the first terminal and the second terminal of the
touch detection sub-module is a signal output terminal; the
third terminal and the fourth terminal of the touch detection
sub-module are signal input terminals, the fifth terminal of
the touch detection sub-module is a signal output terminal,

one of the first terminal and the second terminal of the
light-emitting control sub-module is a signal input terminal,
the other one of the first terminal and the second terminal of
the light-emitting control sub-module is a signal output
terminal; the third terminal of the light-emitting control
sub-module is a signal input terminal.

In an example, the drive sub-module comprises a drive
transistor, wherein,

a gate electrode of which is the first terminal of the drive
sub-module, a source electrode of which is the second
terminal of the drive sub-module, and a drain electrode of
which is the third terminal of the drive sub-module.

In an example, in the event that the drive transistor is an
N-type transistor, the voltage of the first reference signal
terminal is a zero voltage or a negative voltage, and the
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voltage of the second reference signal terminal is a positive
voltage; in the event that the drive transistor is a P-type
transistor, the voltage of the first reference signal terminal is
a positive voltage, and the voltage of the second reference
signal terminal is a negative voltage or a zero voltage.

In an example, the data write sub-module comprises a first
switch transistor, a second switch transistor, a first capacitor
and a second capacitor, wherein,

a gate electrode of the first switch transistor is connected
to the reset signal terminal, a source electrode of the first
switch transistor is connected to the third terminal of the
drive sub-module, and a drain electrode of the first switch
transistor is connected to the first terminal of the drive
sub-module, a first end of the first capacitor and a first end
of the second capacitor, respectively;

a gate electrode of the second switch transistor is con-
nected to the scan signal terminal, a source electrode of the
second switch transistor is connected to the data signal
terminal, and a drain electrode of the second switch tran-
sistor is connected to a second end of the first capacitor;

a second end of the second capacitor is connected to the
first reference signal terminal, the second terminal of the
drive sub-module and the second terminal of the touch
detection sub-module, respectively.

In an example, the first switch transistor is an N-type
transistor or a P-type transistor; the second switch transistor
is an N-type transistor or a P-type transistor.

In an example, the touch detection sub-module comprises
a third switch transistor and a fourth switch transistor,
wherein,

a gate electrode of the third switch transistor is connected
to the touch control signal terminal, a drain electrode of the
third switch transistor is connected to a first end of the
photosensitive device;

one of a source electrode of the third switch transistor and
a second terminal of the photosensitive device is connected
to the first terminal of the drive sub-module, and the other
one of the source electrode of the third switch transistor and
the second terminal of the photosensitive device is con-
nected to the first reference signal terminal;

a gate electrode of the fourth switch transistor is con-
nected to the touch control signal terminal, a source elec-
trode of the fourth switch transistor is connected to the third
terminal of the drive sub-module, and a drain electrode of
the fourth switch transistor is connected to the touch signal
read terminal.

In an example, the third switch transistor and the fourth
switch transistor are N-type transistors; or, the third switch
transistor and the fourth switch transistor are P-type tran-
sistors.

In an example, the light-emitting control sub-module
comprises a fifth switch transistor; wherein,

a gate electrode of the fifth switch transistor is connected
to the light-emitting control signal terminal, and a drain
electrode of the fifth switch transistor is connected to a first
terminal of the luminous device;

one of a source electrode of the fifth switch transistor and
a second terminal of the luminous device is connected to the
third terminal of the drive sub-module, and the other one of
the source electrode of the fifth switch transistor and the
second terminal of the luminous device is connected to the
second reference signal terminal.

In an example, the fifth switch transistor is an N-type
transistor or a P-type transistor.

An organic electroluminescent display panel provided by
an embodiment of the invention comprises the pixel circuit
provided by embodiments of the invention.
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A display device provided by an embodiment of the
invention comprises the organic electroluminescent display
panel provided by embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to illustrate the technical solution of the embodi-
ments of the invention more clearly, the drawings of the
embodiments will be briefly described below; it is obvious
that the drawings as described below are only related to
some embodiments of the invention, but not limitative of the
invention.

FIG. 1 is a structurally schematic view illustrating a pixel
circuit provided by an embodiment of the invention;

FIG. 2a is a first schematic view illustrating a concrete
structure of a pixel circuit provided by an embodiment of the
invention;

FIG. 2bis a second schematic view illustrating a concrete
structure of a pixel circuit provided by an embodiment of the
invention;

FIG. 2c is a first diagram illustrating the circuit timing of
a pixel circuit provided by an embodiment of the invention;

FIG. 3a is a third schematic view illustrating a concrete
structure of a pixel circuit provided by an embodiment of the
invention;

FIG. 3b is a fourth schematic view illustrating the con-
crete structure of a pixel circuit provided by an embodiment
of the invention;

FIG. 3¢ is a second diagram illustrating the circuit timing
of a pixel circuit provided by an embodiment of the inven-
tion,;

FIG. 4aq is a fifth schematic view illustrating the concrete
structure of a pixel circuit provided by an embodiment of the
invention;

FIG. 4b is a sixth schematic view illustrating the concrete
structure of a pixel circuit provided by an embodiment of the
invention;

FIG. 4c is a third diagram illustrating the circuit timing of
a pixel circuit provided by an embodiment of the invention;

FIG. 5a is a seventh schematic view illustrating the
concrete structure of a pixel circuit provided by an embodi-
ment of the invention;

FIG. 5b is an eighth schematic view illustrating the
concrete structure of a pixel circuit provided by an embodi-
ment of the invention;

FIG. 5¢ is a fourth diagram illustrating the circuit timing
of a pixel circuit provided by an embodiment of the inven-
tion.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, hereinafter,
the technical solutions of the embodiments of the invention
will be described in a clearly and fully understandable way
in connection with the drawings related to the embodiments
of the invention. It is obvious that the described embodi-
ments are just a part but not all of the embodiments of the
invention. Based on the described embodiments of the
invention, those ordinarily skilled in the art can obtain other
embodiment(s), without any inventive work, which should
be within the scope sought for protection by the invention.

A pixel circuit provided by an embodiment of the present
invention, as illustrated in FIG. 1, comprises a drive sub-
module 1, a data write sub-module 2, a touch detection
sub-module 3 having a photosensitive device, and a light-
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emitting control sub-module 4 having a luminous device
(the photosensitive device and the luminous device are not
illustrated in FIG. 1).

Afirst terminal 1a of the drive sub-module 1 is connected
to a first terminal 2a of the data write sub-module 2 and a
first terminal 3a of the touch detection sub-module 3,
respectively, a second terminal 15 of the drive sub-module
1 is connected to a second terminal 256 of the data write
sub-module 2, a second terminal 35 of the touch detection
sub-module 3 and a first reference signal terminal Refl,
respectively, a third terminal 1c of the drive sub-module 1 is
connected to a third terminal 2¢ of the data write sub-module
2, a third terminal 3¢ of the touch detection sub-module 3
and a first terminal 4a of the light-emitting control sub-
module 4, respectively.

A fourth terminal 2d of the data write sub-module 2 is
connected to a reset signal terminal Reset, a fifth terminal 2e
of the data write sub-module 2 is connected to a scan signal
terminal Scan, a sixth terminal 2f of the data write sub-
module 2 is connected to a data signal terminal Data; under
the control of the reset signal terminal Reset, the scan signal
terminal Scan and the data signal terminal Data, a data signal
is transmitted to the first terminal 1a of the drive sub-module
1 by the data write sub-module 2.

A fourth terminal 3d of the touch detection sub-module 3
is connected to a touch control signal terminal Select, a fifth
terminal 3¢ of the touch detection sub-module 3 is connected
to a touch signal read terminal Sensor; under the control of
the touch control signal terminal Select, the touch detection
sub-module 3 controls output of a touch detection signal
from the drive sub-module 1 to the touch signal read
terminal Sensor, the touch detection signal being decreased
as the light intensity irradiated onto the photosensitive
device is increased.

A second terminal 456 of the light-emitting control sub-
module 4 is connected to a second reference signal terminal
Ref2, a third terminal 4c¢ of the light-emitting control sub-
module 4 is connected to a light-emitting control signal
terminal EM; under the control of the light-emitting control
signal terminal EM, the light-emitting control sub-module 4
controls the drive sub-module to drive the luminous device
to give off light.

As regards the above pixel circuit provided by embodi-
ments of the invention, under the control of a reset signal
terminal Reset, a scan signal terminal Scan and a data signal
terminal Data, a data signal is transmitted to a first terminal
1a of the drive sub-module 1 by the data write sub-module
2; under the control of a touch control signal terminal Select,
the touch detection sub-module 3 controls output of a touch
detection signal from the drive sub-module 1 to a touch
signal read terminal Sensor, wherein the touch detection
signal is decreased as the light intensity irradiated onto the
photosensitive device is increased, so as to achieve a touch
detecting function; under the control of a light-emitting
control signal terminal EM, the light-emitting control sub-
module 4 controls the drive sub-module to drive the lumi-
nous device to give off light, so as to achieve a display
driving function. Touch and display functions are integrated
in the pixel circuit, so that the production cost involved in
arranging a display drive circuit and a touch circuit sepa-
rately can be saved, and thickness of the display panel can
be thinned as well.

For example, in the above pixel circuit provided by
embodiments of the invention, the first terminal 1a and the
second terminal 15 of the drive sub-module 1 are signal
input terminals, and the third terminal 1c of the drive
sub-module 1 is a signal output terminal;
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6

the first terminal 2a of the data write sub-module 2 is a
signal output terminal, and the second terminal 25, the third
terminal 2c, the fourth terminal 2d, the fifth terminal 2e and
the sixth terminal 2f of the data write sub-module 2 are
signal input terminals;

the first terminal 3a of the touch detection sub-module 3
is a signal input terminal, its second terminal 35 is a signal
output terminal, or, the first terminal 3a of the touch detec-
tion sub-module 3 is a signal output terminal, its second
terminal 35 is a signal input terminal; the third terminal 3¢
and the fourth terminal 34 of the touch detection sub-module
3 are signal input terminals, and the fifth terminal 3e of the
touch detection sub-module 3 is a signal output terminal;

the first terminal 4a of the light-emitting control sub-
module 4 is a signal input terminal, its second terminal 45
is a signal output terminal, or, the first terminal 4a of the
light-emitting control sub-module 4 is a signal output ter-
minal, its second terminal 4b is a signal input terminal; and
the third terminal 4¢ of the light-emitting control sub-
module 4 is a signal input terminal.

For example, in the above pixel circuit provided by
embodiments of the invention, the signal of the first refer-
ence signal terminal Refl is usually a direct current signal,
namely, the first reference signal terminal Refl is connected
to a direct current signal source; the signal of the second
reference signal terminal Ref2 is usually a direct current
signal as well, namely, the second reference signal terminal
Ref2 is connected to a direct current signal source.

The drive control sub-module 1 in the above pixel circuit
provided by embodiments of the invention, as illustrated in
FIG. 1, may include a drive transistor T0.

A gate electrode of the drive transistor T0 is the first
terminal 1a of the drive sub-module 1, a source electrode of
the drive transistor T0 is the second terminal 15 of the drive
sub-module 1, and a drain electrode of the drive transistor T0
is the third terminal 1¢ of the drive sub-module 1. Of course,
the drive sub-module 1 may also be other structure with
which the drive control function of it can be realized, and no
limit will be set here.

It is to be noted that, for example, the drive transistor T0
may be an N-type transistor, and may also be a P-type
transistor, and no limit will be set here. In order to ensure
that the drive transistor TO can work normally, upon the
drive transistor T0 being an N-type transistor, its threshold
voltage V,, is positive, and the voltage of the first reference
signal terminal Ref1 is a negative voltage or a zero voltage;
upon the drive transistor TO being a P-type transistor, its
threshold voltage V,, is negative, and the voltage of the first
reference signal terminal Refl is a positive voltage, and the
voltage of the second reference signal terminal Refl is a
negative voltage or a zero voltage.

For example, the operation of the above pixel circuit
provided by embodiments of the invention is divided into
two periods: touch and display periods. When the above
pixel circuit is in operation, it is possible that the operation
at the touch period is executed firstly, and then the operation
at the display period is executed. It may also be possible that
the operation at the display period is executed firstly, and
then the operation at the touch period is executed. No limit
will be set here.

The working principle of the touch period and the display
period of the above pixel circuit provided by embodiments
of the invention will be introduced below briefly.

At the touch period, the operation of the above pixel
circuit is specifically divided into three stages:

A first stage: an initialization stage, in which, initialization
of the data write sub-module 2 is achieved by the pixel
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circuit. In this stage, the touch detection sub-module 3 and
the light-emitting control sub-module 4 are in a turned-off
state, and the data write sub-module 2 is reset under the
control of the reset signal terminal Reset, the scan signal
terminal Scan and the data signal terminal Data, so that an
initial voltage value is input into the gate electrode of the
drive transistor TO by the first terminal 2a of the data write
sub-module 2.

A second stage: a data write stage, in which, data write-in
to a gate electrode of the drive transistor T0 is achieved by
the pixel circuit. At this stage, the touch detection sub-
module 3 and the light-emitting control sub-module 4 are in
a turned-off state, the data write sub-module 2 is in a
turned-on state under the control of the scan signal terminal
Scan, and a data signal is applied to the first terminal 1a of
the drive sub-module 1 by the data write sub-module 2.

A third stage: a touch detection stage, in which, the data
write sub-module 2 and the light-emitting control sub-
module 4 are in a turned-off state, the touch detection
sub-module 3 is in a turned-on state, and the switched-on
touch detection sub-module 3 takes control of output of a
touch detection signal from the drive transistor T0 to the
touch signal read terminal Sensor. The touch detection signal
is decreased as the light intensity irradiated onto the photo-
sensitive device is increased, so as to achieve detection of a
touch.

At the display period, the operation of the above pixel
circuit is specifically divided into three stages as well:

A first stage: an initialization stage, in which, initialization
of the data write sub-module 2 is achieved by the pixel
circuit. In this stage, the touch detection sub-module 3 and
the light-emitting control sub-module 4 are in a turned-off
state, and the data write sub-module 2 is reset under the
control of the reset signal terminal Reset, so that an initial
voltage value is input into the gate electrode of the drive
transistor TO by the first terminal 2a of the data write
sub-module 2.

A second stage: a data write stage, in which, data write-in
to a gate electrode of the drive transistor T0 is achieved by
the pixel circuit. At this stage, the touch detection sub-
module 3 and the light-emitting control sub-module 4 are in
a turned-off state, the data write sub-module 2 is in a
turned-on state under the control of the scan signal terminal
Scan, and a data signal is transmitted to the first terminal 1a
of the drive sub-module 1 by the data write sub-module 2.

A third stage: a light-emitting drive stage, in which, the
data write sub-module 2 and the touch detection sub-module
3 are in a turned-off state, the light-emitting control sub-
module 4 is in a turned-on state, the light-emitting control
sub-module 4 having the luminous device is connected to a
drain electrode of the drive transistor T0, and the light-
emitting control sub-module 4 controls the drive transistor
TO to drive the luminous device to give off light, so as to
achieve a display function.

Hereinafter, the concrete structure and the working prin-
ciple of the data write sub-module 2, the touch detection
sub-module 3 and the light-emitting control sub-module 4 in
the above pixel circuit provided by embodiments of the
invention will be described in detail.

For example, in the above pixel circuit provided by
embodiments of the invention, the data write sub-module 2,
as illustrated in FIG. 2a, FIG. 25, FIG. 34, FIG. 34, FIG. 4a,
FIG. 4b, FIG. 5a and FIG. 5, may include a first switch
transistor T1, a second switch transistor T2, a first capacitor
Cstl and a second capacitor Cst2.

A gate electrode of the first switch transistor T1 is
connected to a reset signal terminal Reset, a source electrode
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of the first switch transistor T1 is connected to a third
terminal 1c of the drive sub-module 1, and a drain electrode
of the first switch transistor T1 is connected to a first
terminal 1a of the drive sub-module, a first end x1 of the first
capacitor Cstl and a first end y1 of the second capacitor
Cst2, respectively;

A gate electrode of the second switch transistor T2 is
connected to a scan signal terminal Scan, a source electrode
of the second switch transistor T2 is connected to a data
signal terminal Data, and a drain electrode of the second
switch transistor T2 is connected to a second end x2 of the
first capacitor Cstl;

A second end y2 of the second capacitor Cst2 is connected
to a first reference signal terminal Refl, a second terminal 15
of the drive sub-module 1 and a second terminal 35 of the
touch detection sub-module 3, respectively.

For example, the first switch transistor T1 may be an
N-type transistor, as illustrated in FIG. 2q, FIG. 25, FIG. 5a
and FIG. 5b; and the first switch transistor T1 may also be
a P-type transistor, as illustrated in FIG. 3a, FIG. 34, FIG.
4a and FIG. 4b, no limit being set here. In the event that the
first switch transistor T1 is an N-type transistor, when the
signal of the reset signal terminal Reset is of high level, the
first switch transistor T1 is in a turned-on state; in the event
that the first switch transistor T1 is a P-type transistor, when
the signal of the reset signal terminal Reset is of low level,
the first switch transistor T1 is in a turned-on state.

For example, the second switch transistor T2 may be an
N-type transistor, as illustrated in FIG. 2q, FIG. 25, FIG. 5a
and FIG. 5b; and the second switch transistor T2 may also
be a P-type transistor, as illustrated in F1G. 3a, FIG. 35, FIG.
4a and FIG. 4b, no limit being set here. In the event that the
second switch transistor T2 is an N-type transistor, when the
signal of the scan signal terminal Scan is of high level, the
second switch transistor T2 is in a turned-on state; in the
event that the second switch transistor T2 is a P-type
transistor, when the signal of the scan signal terminal Scan
is of low level, the second switch transistor T2 is in a
turned-on state.

For example, in the above pixel circuit provided by
embodiments of the invention, in order to ensure that the
drive transistor TO can work normally, when the drive
transistor T0 is an N-type transistor, the signal to the data
signal terminal Data at the data write period should be a
high-level signal; when the drive transistor T0 is a P-type
transistor, the signal to the data signal terminal Data at the
data write period should be a low-level signal.

For example, in the above pixel circuit provided by
embodiments of the invention, the touch detection sub-
module 3, as illustrated in FIG. 24, FIG. 24, FIG. 34, FIG.
3b, FIG. 4a, FIG. 4b, FIG. 5a and FIG. 56, may further
include a third switch transistor T3 and a fourth switch
transistor T4.

A gate electrode of the third switch transistor T3 is
connected to a touch control signal terminal Select, a drain
electrode of the third switch transistor T3 is connected to a
first terminal pl of the photosensitive device;

A source electrode of the third switch transistor T3 is
connected to a first terminal 1a of the drive sub-module 1,
a second terminal p2 of the photosensitive device is con-
nected to a first reference signal terminal Refl, as illustrated
in FIG. 2a, FIG. 3a, FIG. 4a and FIG. 5a; or, a source
electrode of the third switch transistor T3 is connected to a
first reference signal terminal Ref1, a second terminal p2 of
the photosensitive device is connected to a first terminal 1a
of the drive sub-module 1, as illustrated in F1G. 25, FIG. 354,
FIG. 4b and FIG. 5b;
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A gate electrode of the fourth switch transistor T4 is
connected to a touch control signal terminal Select, a source
electrode of the fourth switch transistor T4 is connected to
a third terminal 1c of the drive sub-module 1, and a drain
electrode of the fourth switch transistor T4 is connected to
a touch signal read terminal Sensor.

For example, in the above pixel circuit provided by
embodiments of the invention, as illustrated in FIG. 2a, FIG.
2b,F1G. 30, F1G. 3, FIG. 4a, F1G. 4b, FIG. 5a and FIG. 55,
the photosensitive device may specifically be a photodiode
PD (Photo Diode), the device used for which is simple, so
as to achieve convenience and low cost.

In the above touch detection sub-module 3. locations of
the photodiode PD and the third transistor T3 are inter-
changeable. In order to ensure that the photodiode PD is in
the state of being reversely biased upon work, when the
drive transistor T0 is an N-type transistor, a cathode of the
photodiode PD is connected to a drain electrode of the third
switch transistor T3, and an anode of the photodiode PD is
connected to a first reference signal terminal Refl, as
illustrated in F1G. 2a and FIG. 3¢; or, the photodiode PD and
the third transistor T3 swap places with each other, as
illustrated in FIG. 26 and FIG. 35, an anode of the photo-
diode PD is connected to a drain electrode of the third switch
transistor T3, and a cathode of the photodiode PD is con-
nected to a gate electrode of the drive transistor T0. When
the drive transistor T0 is a P-type transistor, an anode of the
photodiode PD is connected to a drain electrode of the third
switch transistor T3, and a cathode of the photodiode PD is
connected to a first reference signal terminal Refl, as
illustrated in F1G. 4a and F1G. 5¢; or, the photodiode PD and
the third transistor T3 swap places with each other, as
illustrated in FIG. 45 and FIG. 55, a cathode of the photo-
diode PD is connected to a drain electrode of the third switch
transistor T3, and an anode of the photodiode PD is con-
nected to a gate electrode of the drive transistor T0.

It is to be noted that, the photodiode PD can be turned on
only when it is reversely biased and irradiated with light.
The working principle of the photodiode PD is that, when
the reversely biased photodiode PD is irradiated with light
(namely, there is a touch on it), photo-induced carriers are
generated by the photodiode PD as a result of photoelectric
effect, so as to form a larger inverse current. The greater the
light intensity irradiated onto the photodiode PD is, the
larger the inverse current generated by the photodiode PD is.

For example, the third switch transistor T3 and the fourth
switch transistor T4 may be N-type transistors, as illustrated
in FIG. 2a, FIG. 2b, FIG. 5a and FIG. 5b; the third switch
transistor T3 and the fourth switch transistor T4 may also be
P-type transistors, as illustrated in FIG. 3a, FIG. 35, FIG. 4a
and FIG. 4b. No limitation will be made here.

For example, in the event that the third switch transistor
T3 and the fourth switch transistor T4 are N-type transistors,
when the signal of the touch control signal terminal Select
is of high level, the third switch transistor T3 and the fourth
switch transistor T4 are in a turned-on state; in the event that
the third switch transistor T3 and the fourth switch transistor
T4 are P-type transistors, when the signal of the touch
control signal terminal Select is of low level, the third switch
transistor T3 and the fourth switch transistor T4 are in a
turned-on state.

For example, in the above pixel circuit provided by
embodiments of the invention, the light-emitting control
sub-module 4, as illustrated in FIG. 2a, FIG. 26, FIG. 3a,
FIG. 3b, F1IG. 4a, FIG. 4b, F1G. 5a and FIG. 5b, may further
include a fifth switch transistor T5 specifically.
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A gate electrode of the fifth switch transistor T5 is
connected to a light-emitting control signal terminal EM, a
drain electrode of the fifth switch transistor T5 is connected
to a first terminal z1 of the luminous device; and a source
electrode of the fifth switch transistor T5 is connected to a
third terminal 1¢ of the drive sub-module 1;

a second terminal 72 of the luminous device is connected
to a second reference signal terminal Ref2, as illustrated in
FIG. 2a, FIG. 3a, FIG. 4a and FIG. 5a, or, a source electrode
of the fifth switch transistor T5 is connected to a second
reference signal terminal Ref2; and a second terminal z2 of
the luminous device is connected to a third terminal 1e of the
drive sub-module 1, as illustrated in FIG. 25, FIG. 35, FIG.
4b and FIG. 5b.

For example, the luminous device in the above pixel
circuit provided by embodiments of the invention is usually
an organic light emitting diode (OLED). The luminous
display is achieved by the luminous device under the action
of an on-state current of the drive transistor T0.

For example, in the above light-emitting control sub-
module 4, locations of the OLED and the fifth switch
transistor T5 are interchangeable. In order to ensure that the
OLED can give off light normally, when the drive transistor
TO is an N-type transistor, a cathode of the OLED is
connected to a drain electrode of the fifth switch transistor
T5, and an anode of the OLED is connected to a second
reference signal terminal Ref2, as illustrated in FIG. 2a and
FIG. 3a; or, the OLED and the fifth switch transistor T5
swap places with each other, as illustrated in FIG. 26 and
FIG. 35, an anode of the OLED is connected to a drain
electrode of the fifth switch transistor T5, and a cathode of
the OLED is connected to a third terminal 1¢ of the drive
sub-module 1. When the drive transistor T0 is a P-type
transistor, an anode of the OLED is connected to a drain
electrode of the fifth switch transistor T5, and a cathode of
the OLED is connected to a second reference signal terminal
Ref2, as illustrated in FIG. 4a and FIG. 5a; or, the OLED
and the fifth switch transistor T5 swap places with each
other, as illustrated in FIG. 45 and FIG. 55, a cathode of the
OLED is connected to a drain electrode of the fifth switch
transistor T5, and an anode of the OLED is connected to a
third terminal 1 of the drive sub-module 1.

For example, the fifth switch transistor T5 may be an
N-type transistor, as illustrated in FIG. 2a, FIG. 25, FIG. 5a
and FIG. 5b; the fifth switch transistor T5 may also be a
P-type transistor, as illustrated in FIG. 3a, FIG. 3, FIG. 4a
and FIG. 4b. No limitation will be made here. In the event
that the fifth switch transistor T5 is an N-type transistor,
when the signal output from the light-emitting control signal
terminal EM is of high level, the fifth switch transistor T5 is
in a turned-on state; in the event that the fifth switch
transistor T5 is a P-type transistor, when the signal output
from the light-emitting control signal terminal EM is of low
level, the fifth switch transistor T5 is in a turned-on state.

It is to be noted that, in the above pixel circuit provided
by embodiments of the invention, the mentioned drive
transistor and switch transistors may be thin film transistors
(TFTs), and may also be metal oxide semiconductor tran-
sistors (MOS), no limit being set here. And, source elec-
trodes and drain electrodes of these transistors may be
interchanged, and no specific discrimination will be made.

The specific working principle of the above pixel circuit
provided by embodiments of the invention will be described
below in detail with the aid of several concrete examples. In
the following examples, when the drive transistor T0 is an
N-type transistor, the voltage value Vg of the first reference
signal terminal Refl is smaller than or equal to 0, and the
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voltage value of the second reference signal terminal Ref2 is
larger than 0; when the drive transistor TO is a P-type
transistor, the voltage value V ,, of the first reference signal
terminal Refl is larger than 0, and the voltage value Vg of
the second reference signal terminal Ref2 is smaller than or
equal to 0.

Example 1

As illustrated in FIG. 2a and FIG. 25, the drive transistor
TO is an N-type transistor, and the first transistor T1, the
second switch transistor T2, the third switch transistor T3,
the fourth switch transistor T4 and the fifth switch transistor
TS5 are N-type transistors as well. FIG. 2¢ is a circuit timing
diagram of FIG. 2a and FIG. 25, in which, the voltage of the
scan signal terminal Scan is V. the voltage of the data
signal terminal Data is V., the voltage of the reset signal
terminal Reset is V., the voltage of the touch control
signal terminal Select is V., the voltage of the light-
emitting control signal terminal EM is V,,, the voltage of
the gate electrode of the drive transistor T0 in the case of a
touch is V,,, and the voltage of the gate electrode of the
drive transistor T0 in the case of no touch is V ,.

The working principle of the pixel circuit is as follows.

For the initialization stage of the touch period (i.e. the first
stage 1 of the touch period), during this, the voltage V...
of the reset signal terminal Reset is at high level, the voltage
Vg0 Of the touch control signal terminal Select and the
voltage V,, of the light-emitting control signal terminal EM
are at low level, the first switch transistor T1 is in a
turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor TO to become the connecting
manner of a diode. The voltage V_  of the scan signal
terminal Scan is changed from a transient high level to a low
level, and at the same time, the voltage V,,,, of the data
signal terminal Data and the voltage of the scan signal
terminal are changed from a transient high level to a low
level synchronously, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end y2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 is V. Meanwhile, the voltage V¢ of the first reference
signal terminal Refl starts to charge the second capacitor
Cst2 via the drive transistor T0 and the first switch transistor
T1, and the drive transistor T0 is turned off when the voltage
value V, of a first end y1 of the second capacitor Cst2
becomes Vg +V,, by charge. The threshold voltage of the
drive transistor T0 is V,, and at this moment, the voltage
difference across the second capacitor Cst2 is V,,, thereby
achieving storage of the threshold voltage of the drive
transistor T0 at the first end y1 of the second capacitor Cst2.
Thus, the data write sub-module 2 is in an initialized state.
At this time, the photodiode PD is in a turned-off state, and
whether there is a touch on the photodiode PD or not, gate
voltages V,, and V, of the drive transistor T0 are both
VstV

For the data write stage of the touch period (i.e. the second
stage 2 of the touch period), during this, voltage Vg of the
scan signal terminal Scan and voltage V,,, of the data
signal terminal Data are at high level, voltage V., of the
reset signal terminal Reset, voltage V., of the touch
control signal terminal Select and voltage V,, of the light-
emitting control signal terminal EM are at low level, the
second switch transistor T2 is in a turned-on state, the first
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switch transistor T1, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The second end y2 of'the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 is V. A data signal V,,,, output from the
data signal terminal Data is written into a second end x2 of
the first capacitor Cstl connected to a drain electrode of the
second switch transistor T2 via its source electrode, so that
the voltage of the second end x2 of the first capacitor Cstl
becomes V,,,,, and at this moment, a coupling voltage at the
junction of the first capacitor Cstl and the second capacitor
Cst2 (namely, at the first end y1 of the second capacitor
Cst2) is V., [CH/(C14C2)]|+V +V ,,, wherein, C1 and C2
are capacity values of the first capacitor Cstl and the second
capacitor Cst2, respectively. The first end y1 of the second
capacitor C2 is connected to a gate electrode of the drive
transistor T0, and voltage of the gate electrode of the drive
transistor TO is also V,,, [C1/(C1+4C2)]+V (+V ,;,, namely,
data write-in is achieved at the gate electrode of the drive
transistor T0. At this time, the photodiode PD is in a
turned-off state, and whether there is a touch on the photo-
diode PD or not, gate voltages V,, and V,, of the drive
transistor T0 are both V,,,,[C1/(C1+C2)|+V gs+V,,.

For the touch detection stage of the touch period (i.e. the
third stage 3 of the touch period), during this, voltage V,,..,
of the touch control signal terminal Select is at high level,
voltage V.., of the reset signal terminal Reset, voltage
V gewn 0f the scan signal terminal Scan, voltage V,,_,, of the
data signal terminal Data and voltage Vp,, of the light-
emitting control signal terminal EM are at low level, the
third switch transistor T3 and the fourth switch transistor T4
are in a turned-on state, and the first switch transistor T1, the
second switch transistor T2 and the fifth switch transistor T5
are in a turned-off state.

At this time, if the photodiode PD is not irradiated with
light (namely, there is a touch on it), so that the photodiode
PD is in a turned-off state, then the gate voltage V ,, of the
drive transistor T0 is still maintained at V,[C1/(C1+
C2)]4+Vs+V,,, so that the drive transistor T0 is in a turned-
on state. The voltage Vo of the first reference signal
terminal Refl is input to a source electrode of the drive
transistor T0, a touch detection signal is output through the
drain electrode of the drive transistor T0, and the touch
detection signal is further output to a touch signal read
terminal Sensor via the switched-on fourth switch transistor
T4.

At this time, if the photodiode PD is irradiated with light
(namely, there is no touch on it), then photo-induced carriers
are generated by the photodiode PD as a result of photo-
electric effect. The formed inverse current causes charges on
the first capacitor Cstl and the second capacitor Cst2 to
decrease, so that the gate voltage V,, input to the drive
transistor T0 is reduced, and in turn, a touch detection signal
that is output from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the fourth switch
transistor T4 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the
photodiode PD, and the greater the light intensity is, the
smaller the touch detection signal is.

For the initialization stage of the display period (i.e. the
first stage 1 of the display period), the voltage V..., of the
reset signal terminal Reset is at high level, the voltage V,,__,
of the touch control signal terminal Select and the voltage
V e 0f the light-emitting control signal terminal EM are at
low level, the first switch transistor T1 is in a turned-on state,
the third switch transistor T3, the fourth switch transistor T4

ata
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and the fifth switch transistor T5 are in a turned-off state. The
switched-on first switch transistor T1 causes the drive tran-
sistor TO to become the connecting manner of a diode. The
voltage Vg, of the scan signal terminal Scan is changed
from a transient high level to a low level, and at the same
time, the voltage V,,,, of the data signal terminal Data is
changed from a transient high level to a low level as
synchronized with the voltage of the scan signal terminal, so
that the drive transistor TO that has become the connecting
manner of a diode is turned on. At this time, a second end
v2 of the second capacitor Cst2 is directly connected to the
first reference signal terminal Refl, and the voltage of the
second end y2 of the second capacitor Cst2 is V.. Mean-
while, the voltage V¢ of the first reference signal terminal
Refl starts to charge the second capacitor Cst2 via the drive
transistor T0 and the first switch transistor T1, and the drive
transistor T0 is turned off when the voltage value V , of a first
end y1 of the second capacitor Cst2 becomes V+V,, by
charge. The threshold voltage of the drive transistor T0 is
V,,. and at this moment, the voltage difference across the
second capacitor Cst2 is V,,,, thereby achieving storage of
the threshold voltage of the drive transistor T0 at the first end
vyl of the second capacitor Cst2. Thus, the data write
sub-module 2 is enabled to be in an initialized state.

For the data write stage of the display period (i.e. the
second stage 2 of the display period), during this, voltage
Vgoa 0f the scan signal terminal Scan and voltage V,,,,, of
the data signal terminal Data are at high level, voltage V..,
of the reset signal terminal Reset, voltage V.., of touch
control signal terminal Select and voltage V., of the light-
emitting control signal terminal EM are at low level, the
second switch transistor T2 is in a turned-on state, the first
switch transistor T1, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The second end y2 of the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 becomes V g¢. A data signal V., output from
the data signal terminal Data is written into a second end x2
of the first capacitor Cstl connected to a drain electrode of
the second switch transistor T2 via its source electrode, so
that the voltage of the second end x2 of the first capacitor
Cstl becomes V,,,,, and at this moment, a coupling voltage
at the junction of the first capacitor Cstl and the second
capacitor Cst2 (namely, at the first end y1 of the second
capacitor Cst2) is Vp,, [C1/(C14C2)]+V (+V,,, wherein,
C1 and C2 are capacity values of the first capacitor Cst1 and
the second capacitor Cst2, respectively. The first end y1 of
the second capacitor C2 is connected to a gate electrode of
the drive transistor T0, and voltage of the gate electrode of
the drive transistor TO is also V5, [C1/(C1+C2)|+V +V ,,
namely, data write-in is achieved at the gate electrode of the
drive transistor T0.

For the light-emitting drive stage of the display period
(i.e. the third stage 3 of the display period), during this,
voltage V., of the light-emitting control signal terminal EM
is at high level, voltage V.., of the reset signal terminal
Reset, voltage Vg, of the scan signal terminal Scan,
voltage V,,,,, of the data signal terminal Data and voltage
V o Of the touch control signal terminal Select are at low
level, the first switch transistor T1, the second switch
transistor T2, the third switch transistor T3 and the fourth
switch transistor T4 are in a turned-off state, the fifth switch
transistor T5 is in a turned-on state, and an OLED is turned
on. The gate voltage of the drive transistor TO is still
maintained at V,,, [C1/(C1+C2)|+V+V,,, and at this
time, the voltage between the gate electrode and the source
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electrode of the drive transistor T0 is V=V -V =V [C1/
(C14C2)|+V 4V o~V =V, [C1/(C1+C2) |4V,

As the drive transistor T0 operates in a saturated state, it
can be known according to current characteristics in the
saturated state that, the on-state current i, of the drive
transistor TO satisfies the formula: 1 d:K(VgS—Vth)ZZK{VDm
[CI(C14C2)|+V -V, } =KV, [C1/(C 1+C2)]}?, where
K is a structural parameter, and the value is relatively stable
for same structures, so that it can be regarded as a constant.
As can be seen from derivation of the formula, a drain
current flowing through the drive transistor TO is merely
related to the voltage V,,,, of a data signal terminal and
capacity values of the first capacitor Cstl and the second
capacitor Cst2, and has nothing to do with the threshold
voltage V,, of the drive transistor T0. Therefore, when the
on-state current i, is useful for driving the luminous device
to give off light, the current flowing through each OLED is
relatively uniform. There is no such case where the threshold
voltage V ,, is non-uniform owing to the rear panel manu-
facturing process and this leads to the fact that the current
flowing through each OLED differs, resulting in uneven
brightness.

In summary, when the above pixel circuit is at the touch
period, in case that there is a touch on the photodiode PD,
a touch sensing signal output from the touch signal read
terminal Sensor is larger than a touch sensing signal output
from the touch signal read terminal Sensor in case of no
touch. Whether there is a touch on the touch panel or not can
be determined by means of analyzing the size of a touch
sensing signal output from the pixel circuit, and in turn, the
position of a contact is determined, thereby realizing a touch
detecting function. When the above pixel circuit is at the
display period, by means of storing the threshold voltage V ,
of the drive transistor T0 on the second capacitor Cst2, it is
ensured that the drive voltage for light emission of the
OLED is related to voltage V4, of a data signal, and has
nothing to do with the threshold voltage V,, of the drive
transistor T0. Thus, an impact of threshold voltage V,, on the
OLED is avoided. That is, when the same data signal is
employed to be applied to different pixel units, images with
the same brightness can be obtained, thereby improving the
uniformity of image brightness in a display region of the
display device.

Example 2

As illustrated in FIG. 3a and FIG. 35, the drive transistor
T0 is an N-type transistor, and the first transistor T1, the
second switch transistor T2, the third switch transistor T3,
the fourth switch transistor T4 and the fifth switch transistor
T5 are P-type transistors. FIG. 3¢ is a circuit timing diagram
of FIG. 3a and FIG. 3b, in which, the voltage of the scan
signal terminal Scan is V_,,, the voltage of the data signal
terminal Data is V., the voltage of the reset signal
terminal Reset is V.., the voltage of the touch control
signal terminal Select is Vg, ., the voltage of the light-
emitting control signal terminal EM is V,,, the voltage of
the gate electrode of the drive transistor TO in the case of a
touch is V,,, and the voltage of the gate electrode of the
drive transistor T0 in the case of no touch is V ,.

The working principle of the pixel circuit is as follows.

For the initialization stage of the touch period (i.e. the first
stage 1 of the touch period), during this, the voltage V,__,
of the reset signal terminal Reset is at low level, the voltage
Voo 0f the touch control signal terminal Select and the
voltage V,,of the light-emitting control signal terminal EM
are at high level, the first switch transistor T1 is in a
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turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor TS are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor TO to become the connecting
manner of a diode. The voltage V_,,, of the scan signal
terminal Scan is changed from a transient low level to a high
level, and at the same time, the voltage V, . of the data
signal terminal Data is changed from a transient high level
to a low level as synchronized with the voltage of the scan
signal terminal, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end v2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 is V. Meanwhile, the voltage V¢ of the first reference
signal terminal Refl starts to charge the second capacitor
Cst2 via the drive transistor T0 and the first switch transistor
T1, and the drive transistor T0 is turned off when the voltage
value V, of a first end y1 of the second capacitor Cst2
becomes Vg +V,, by charge. The threshold voltage of the
drive transistor T0 is V,,, and at this moment, the voltage
difference across the second capacitor Cst2 is V,;,, thereby
achieving storage of the threshold voltage of the drive
transistor T0 at the first end y1 of the second capacitor Cst2.
Thus, the data write sub-module 2 is enabled to be in an
initialized state. At this time, the photodiode PD is in a
turned-off state, and whether there is a touch on the photo-
diode PD or not, gate voltages V,, and V , of the drive
transistor TO are both Vg+V,,.

For the data write stage of the touch period (i.e. the second
stage 2 of the touch period), during this, voltage V,_,,, of the
scan signal terminal Scan is at low level, voltage V., of the
data signal terminal Data, voltage V__, of the reset signal
terminal Reset, voltage V.., of the touch control signal
terminal Select and voltage V., ,of the light-emitting control
signal terminal EM are at high level, the second switch
transistor T2 is in a turned-on state, the first switch transistor
T1, the third switch transistor T3, the fourth switch transistor
T4 and the fifth switch transistor T5 are in a turned-off state.
The second end y2 of the second capacitor Cst2 is directly
connected to a first reference signal terminal Refl, and the
voltage of the second end y2 of the second capacitor Cst2
becomes Vo A data signal. Vj,,, output from the data
signal terminal Data is written into a second end x2 of the
first capacitor Cstl connected to a drain electrode of the
second switch transistor T2 via its source electrode, so that
the voltage of the second end x2 of the first capacitor Cstl
becomes V,,,,, and at this moment, a coupling voltage at the
Junction of the first capacitor Cstl and the second capacitor
Cst2 (namely, at the first end y1 of the second capacitor
Cst2) is Vp,,, [C1/(C1+C2)|+V o+V,,, wherein, C1 and C2
are capacity values of the first capacitor Cst1 and the second
capacitor Cst2, respectively. The first end y1 of the second
capacitor C2 is connected to a gate electrode of the drive
transistor T0, and voltage of the gate electrode of the drive
transistor TO is also V,,, [C1/(C1+C2)]+V (+V,, namely,
data write-in is achieved at the gate electrode of the drive
transistor T0. In this stage, the photodiode PD is in a
turned-off state, and whether there is a touch on the photo-
diode PD or not, gate voltages V,, and V , of the drive
transistor TO are both V,,_, [C1/(C1+C2)|4+V s+V .

For the touch detection stage of the touch period (i.e. the
third stage 3 of the touch period), during this, voltage V_,,
of the data signal terminal Data and voltage V., of the
touch control signal terminal Select are at low level, voltage
V rese, Of the reset signal terminal Reset, voltage V. of the
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emitting control signal terminal EM are at high level, the
third switch transistor T3 and the fourth switch transistor T4
are in a turned-on state, and the first switch transistor T1, the
second switch transistor T2 and the fifth switch transistor T5
are in a turned-off state.

At this time, if the photodiode PD is not irradiated with
light (namely, there is a touch on it), so that the photodiode
PD is in a turned-off state, then the gate voltage V ,, of the
drive transistor TO is still maintained at V,, [C1/(C1+
C2)]+V s+ V,,, so that the drive transistor T0 is in a turned-
on state. The voltage Vo of the first reference signal
terminal Refl is input to a source electrode of the drive
transistor T0, a touch detection signal is output through the
drain electrode of the drive transistor T0, and the touch
detection signal is further output to a touch signal read
terminal Sensor via the switched-on fourth switch transistor
T4.

At this time, if the photodiode PD is irradiated with light
(namely, there is no touch on it), then photo-induced carriers
are generated by the photodiode PD as a result of photo-
electric effect. The formed inverse current causes charges on
the first capacitor Cstl and the second capacitor Cst2 to
decrease, so that the gate voltage V, input to the drive
transistor T0 is reduced, and in turn, a touch detection signal
that is output from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the fourth switch
transistor T4 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the
photodiode PD, and the greater the light intensity is, the
smaller the touch detection signal is.

For the initialization stage of the display period (i.e. the
first stage 1 of the display period), during this, the voltage
V reser OF the reset signal terminal Reset is at low level, the
voltage V..., of the touch control signal terminal Select and
the voltage V,, of the light-emitting control signal terminal
EM are at high level, the first switch transistor T1 is in a
turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor TO to become the connecting
manner of a diode. The voltage V__, of the scan signal
terminal Scan is changed from a transient low level to a high
level, and at the same time, the voltage V,,, of the data
signal terminal Data is changed from a transient high level
to a low level as synchronized with the voltage of the scan
signal terminal, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end y2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 is V. Meanwhile, the voltage V¢ of the first reference
signal terminal Refl starts to charge the second capacitor
Cst2 via the drive transistor T0 and the first switch transistor
T1, and the drive transistor T0 is turned off when the voltage
value V, of a first end y1 of the second capacitor Cst2
becomes Vg o+V,, by charge. The threshold voltage of the
drive transistor T0 is V,,, and at this moment, the voltage
difference across the second capacitor Cst2 is V,,, thereby
achieving storage of the threshold voltage of the drive
transistor TO at the first end y1 of the second capacitor Cst2.
Thus, the data write sub-module 2 is enabled to be in an
initialized state.

For the data write stage of the display period (i.e. the
second stage 2 of the display period), during this, voltage
Vgoun, 0f the scan signal terminal Scan is at low level, voltage
V puze Of the data signal terminal Data, voltage V.., of the
reset signal terminal Reset, voltage V., of touch control
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signal terminal Select and voltage V ,, of the light-emitting
control signal terminal EM are at high level, the second
switch transistor T2 is in a turned-on state, the first switch
transistor T1, the third switch transistor T3, the fourth switch
transistor T4 and the fifth switch transistor T5 are in a
turned-off state. The second end y2 of the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 becomes V. A data signal V, , output from
the data signal terminal Data is written into a second end x2
of the first capacitor Cstl connected to a drain electrode of
the second switch transistor T2 via its source electrode, so
that the voltage of the second end x2 of the first capacitor
Cstl becomes V... and at this moment, a coupling voltage
at the junction of the first capacitor Cstl and the second
capacitor Cst2 (namely, at the first end y1 of the second
capacitor Cst2) is Vp,, [C1/(C1+C2)]+V (+V,,, wherein,
C1 and C2 are capacity values of the first capacitor Cst1 and
the second capacitor Cst2, respectively. The first end y1 of
the second capacitor C2 is connected to a gate electrode of
the drive transistor T0, and voltage of the gate electrode of
the drive transistor T0 is also V,,,, [C1/(C1+C2)|+V +V,,,
namely, data write-in is achieved at the gate electrode of the
drive transistor T0.

For the light-emitting drive stage of the display period
(i.e. the third stage 3 of the display period), during this,
voltage V,,,, of the data signal terminal Data and voltage
V &y of the light-emitting control signal terminal EM are at
low level, voltage Vy,,,, of the reset signal terminal Reset,
voltage V, of the scan signal terminal Scan and voltage
V o1 OF the touch control signal terminal Select are at high
level, the first switch transistor T1, the second switch
transistor T2, the third switch transistor T3 and the fourth
switch transistor T4 are in a turned-off state, the fifth switch
transistor T5 is in a turned-on state, and an OLED is turned
on. The gate voltage of the drive transistor TO is still
maintained at Vp,, [C1/(C1+C2)|+V+V,,, and at this
time, the voltage between the source electrode and the gate
electrode of the drive transistor T0 is V, =V -V =V, [C1/
(C14C2)|+V V-V =V, [CH/(C1+C2) |4V,

As the drive transistor T0 operates in a saturated state, it
can be known according to current characteristics in the
saturated state that, the on-state current i, of the drive
transistor T0 satisfies the formula: i ,=K(V gS—V,h)ZZK{VDm
[CU(C1+C2)]+V =V, }=K{V . [C1/(C1+C2)] }%, where
K is a structural parameter, and the value is relatively stable
for same structures, so that it can be regarded as a constant.
As can be seen from derivation of the formula, a drain
current flowing through the drive transistor TO is merely
related to the voltage V,,, of a data signal terminal and
capacity values of the first capacitor Cstl and the second
capacitor Cst2, and has nothing to do with the threshold
voltage V, of the drive transistor T0. Therefore, when the
on-state current i, is used for driving the luminous device to
give off light, the current flowing through each OLED is
relatively uniform. There is no such case where the threshold
voltage V, is non-uniform owing to the rear panel manu-
facturing process and this leads to the fact that the current
flowing through each OLED differs, resulting in uneven
brightness.

In summary, when the above pixel circuit is at the touch
period, in case that there is a touch on the photodiode PD,
a touch sensing signal output from the touch signal read
terminal Sensor is larger than a touch sensing signal output
from the touch signal read terminal in the case of no touch.
Whether there is a touch on the touch panel or not can be
determined by means of analyzing the size of a touch
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sensing signal output from the pixel circuit, and in turn, the
position of a contact is determined, thereby realizing a touch
detecting function. When the above pixel circuit is at the
display period, by means of storing the threshold voltage V
of the drive transistor T0 on the second capacitor Cst2, it is
ensured that the drive voltage for light emission of the
OLED is related to voltage V., of a data signal, and has
nothing to do with the threshold voltage V,, of the drive
transistor T0. Thus, an impact of threshold voltage V,;, on the
OLED is avoided. That is, when the same data signal is
employed to be applied to different pixel units, images with
the same brightness can be obtained, thereby improving the
uniformity of image brightness in a display region of the
display device.

Example 3

As illustrated in FIG. 4a and FIG. 45, the drive transistor
TO is a P-type transistor, and the first transistor T1, the
second switch transistor T2, the third switch transistor 13,
the fourth switch transistor T4 and the fifth switch transistor
TS5 are P-type transistors as well. FIG. 4¢ is a circuit timing
diagram of FIG. 4a and FIG. 4b, in which, the voltage of the
scan signal terminal Scan is Vg, the voltage of the data
signal terminal Data is V,,,, the voltage of the reset signal
terminal Reset is Vg, ., the voltage of the touch control
signal terminal Select is V.., the voltage of the light-
emitting control signal terminal EM is V,,, the voltage of
the gate electrode of the drive transistor TO in the case of a
touch is V,;, and the voltage of the gate electrode of the
drive transistor T0 in the case of no touch is V 5.

The working principle of the pixel circuit is as follows.

For the initialization stage of the touch period (i.e. the first
stage 1 of the touch period), during this, the voltage V..,
of the reset signal terminal Reset is at low level, the voltage
Voo 0f the touch control signal terminal Select and the
voltage V,, of the light-emitting control signal terminal EM
are at high level, the first switch transistor T1 is in a
turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor T0 to become the connecting
manner of a diode. The voltage V__, of the scan signal
terminal Scan is changed from a transient low level to a high
level, and at the same time, the voltage V,,, of the data
signal terminal Data is changed from a transient low level to
a high level as synchronized with the voltage of the scan
signal terminal, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end y2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 is V. Meanwhile, the voltage V,, of the first
reference signal terminal Refl starts to charge the second
capacitor Cst2 via the drive transistor T0 and the first switch
transistor T1, and the drive transistor T0 is turned off when
the voltage value V , of a first end y1 of the second capacitor
Cst2 becomes V,,+V,, by charge. The threshold voltage of
the drive transistor T0 is V ;, and at this moment, the voltage
difference across the second capacitor Cst2 is V,,, thereby
achieving storage of the threshold voltage of the drive
transistor TO at the first end y1 of the second capacitor Cst2.
Thus, the data write sub-module 2 is enabled to be in an
initialized state. At this time, the photodiode PD is in a
turned-off state, and whether there is a touch on the photo-
diode PD or not, gate voltages V,, and V, of the drive
transistor T0 are both V,p+V,,.
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For the data write stage of the touch period (i.e. the second
stage 2 of the touch period), during this, voltage V__ ofthe
scan signal terminal Scan and voltage V,,, of the data
signal terminal Data are at low level, voltage V.., of the
reset signal terminal Reset, voltage Vg, .. of the touch
control signal terminal Select and voltage V,, of the light-
emitting control signal terminal EM are at high level, the
second switch transistor T2 is in a turned-on state, the first
switch transistor T1, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The second end y2 of the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 is V,,,,. A data signal V,,,, output from the
data signal terminal Data is written into a second end x2 of
the first capacitor Cstl connected to a drain electrode of the
second switch transistor T2 via its source electrode, so that
the voltage of the second end x2 of the first capacitor Cstl
becomes V., and at this moment, a coupling voltage at the
Junction of the first capacitor Cstl and the second capacitor
Cst2 (namely, at the first end y1 of the second capacitor
Cst2) is V5, [C1/(C1+C2)]+V 1+ V,,,, wherein, C1 and C2
are capacity values of the first capacitor Cst1 and the second
capacitor Cst2, respectively. The first end y1 of the second
capacitor C2 is connected to a gate electrode of the drive
transistor T0, and voltage of the gate electrode of the drive
transistor T0 is also V. [C1/(C1+C2)]+V ,,+V,,, namely,
data write-in is achieved at the gate electrode of the drive
transistor T0. In this stage, the photodiode PD is in a
turned-off state, and whether there is a touch on the photo-
diode PD or not, gate voltages V,, and V ,, of the drive
transistor TO are both V,,, [C1/(C1+C2)|+V V.

For the touch detection stage of the touch period (i.e. the
third stage 3 of the touch period), during this, voltage V,__,
of the touch control signal terminal Select is at low level,
voltage V..., of the reset signal terminal Reset, voltage
Vgean 0f the scan signal terminal Scan, voltage V., of the
data signal terminal Data and voltage Vp,, of the light-
emitting control signal terminal EM are at high level, the
third switch transistor T3 and the fourth switch transistor T4
are in a turned-on state, and the first switch transistor T1, the
second switch transistor T2 and the fifth switch transistor T5
are in a turned-off state.

At this time, if the photodiode PD is not irradiated with
light (namely, there is a touch on it), so that the photodiode
PD is in a turned-off state, then the gate voltage V ,; of the
drive transistor T0 is still maintained at V,,, [C1/(C1+
C2)|4+VptV,, so that the drive transistor T is in a
turned-on state. The voltage V,, of the first reference signal
terminal Refl is input to a source electrode of the drive
transistor T0, a touch detection signal is output through the
drain electrode of the drive transistor T0, and the touch
detection signal is further output to a touch signal read
terminal Sensor via the switched-on fourth switch transistor
T4.

At this time, if the photodiode PD is irradiated with light
(namely, there is no touch on it), then photo-induced carriers
are generated by the photodiode PD as a result of photo-
electric effect. The formed inverse current causes charges on
the first capacitor Cstl and the second capacitor Cst2 to
increase, so that the gate voltage V , input to the drive
transistor TO is raised, and in turn, a touch detection signal
that is output from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the fourth switch
transistor T4 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the
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photodiode PD, and the greater the light intensity is, the
smaller the touch detection signal is.

For the initialization stage of the display period (i.e. the
first stage 1 of the display period), during this, the voltage
V rese, OF the reset signal terminal Reset is at low level, the
voltage V.., of the touch control signal terminal Select and
the voltage V,, of the light-emitting control signal terminal
EM are at high level, the first switch transistor T1 is in a
turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor TO to become the connecting
manner of a diode. The voltage V__, of the scan signal
terminal Scan is changed from a transient low level to a high
level, and at the same time, the voltage V,,,,, of the data
signal terminal Data is changed from a transient low level to
a high level as synchronized with the voltage of the scan
signal terminal, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end v2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 is V. Meanwhile, the voltage V,, of the first
reference signal terminal Refl starts to charge the second
capacitor Cst2 via the drive transistor T0 and the first switch
transistor T1, and the drive transistor T0 is turned off when
the voltage value V , of a first end y1 of the second capacitor
Cst2 becomes V,,+V,, by charge. Wherein, the threshold
voltage of the drive transistor T0 is V ,,, and at this moment,
the voltage difference across the second capacitor Cst2 is
V,,,. thereby achieving storage of the threshold voltage of the
drive transistor T0 at the first end y1 of the second capacitor
Cst2. Thus, the data write sub-module 2 is enabled to be in
an initialized state.

For the data write stage of the display period (i.e. the
second stage 2 of the display period), during this, voltage
V geun 0f the scan signal terminal Scan and voltage V,,,, of
the data signal terminal Data are at low level, voltage V..,
of the reset signal terminal Reset, voltage V.., of touch
control signal terminal Select and voltage V., of the light-
emitting control signal terminal EM are at high level, the
second switch transistor T2 is in a turned-on state, the first
switch transistor T1, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The second end y2 of the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 becomes V.. A data signal V,,,,, output
from the data signal terminal Data is written into a second
end x2 of the first capacitor Cstl connected to a drain
electrode of the second switch transistor T2 via its source
electrode, so that the voltage of the second end x2 of the first
capacitor Cstl becomes V,,,,, and at this moment, a cou-
pling voltage at the junction of the first capacitor Cstl and
the second capacitor Cst2 (namely, at the first end y1 of the
second capacitor Cst2) is Vp,, [CI/(C1+C2)[+Vp+V .,
wherein, C1 and C2 are capacity values of the first capacitor
Cstl and the second capacitor Cst2, respectively. The first
end y1 of the second capacitor C2 is connected to a gate
electrode of the drive transistor T0, and voltage of the gate
electrode of the drive transistor T0 is also V,,, [C1/(C1+
C2)]+V ,p+V,,. namely, data write-in is achieved at the gate
electrode of the drive transistor T0.

For the light-emitting drive stage of the display period
(i.e. the third stage 3 of the display period), during this,
voltage V,,of the light-emitting control signal terminal EM
is at low level, voltage Vi, of the reset signal terminal
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Reset, voltage V,_,, of the scan signal terminal Scan,
voltage V,,_,, of the data signal terminal Data and voltage
V goreer OF the touch control signal terminal Select are at high
level, the first switch transistor T1, the second switch
transistor T2, the third switch transistor T3 and the fourth
switch transistor T4 are in a turned-off state, the fifth switch
transistor T5 is in a turned-on state, and an OLED is turned
on. The gate voltage of the drive transistor TO is still
maintained at Vi, [C1/(C1+C2)]|+V,+V,,, and at this
time, the voltage between the source electrode and the gate
electrode of the drive transistor T0 is V, =V -V =V, [CV/
(C1+CY)+V 5t V-V 5=V 5. [CU(C 1+C2)[+V

As the drive transistor T0 operates in a saturated state, it
can be known according to current characteristics in the
saturated state that, the on-state current i, of the drive
transistor T0 satisfies the formula: 1,~K(V gS—V,h)ZZK{VDm
[CU/(C14C2)|+V -V, } =KV, [C1/(C1+C2)] }?, where
K is a structural parameter, and the value is relatively stable
for same structures, so that it can be regarded as a constant.
As can be seen from derivation of the formula, a drain
current flowing through the drive transistor TO is merely
related to the voltage V,,,, of a data signal terminal and
capacity values of the first capacitor Cstl and the second
capacitor Cst2, and has nothing to do with the threshold
voltage V,, of the drive transistor T0. Therefore, when the
on-state current i, is useful for driving the luminous device
to give off light, the current flowing through each OLED is
relatively uniform. There is no such case where the threshold
voltage V, is non-uniform owing to the rear panel manu-
facturing process and this leads to the fact that the current
flowing through each OLED differs, resulting in uneven
brightness.

In summary, when the above pixel circuit is over the touch
period, in case that there is a touch on the photodiode PD,
a touch sensing signal output from the touch signal read
terminal Sensor is larger than a touch sensing signal output
from the touch signal read terminal Sensor in the case of no
touch. Whether there is a touch on the touch panel or not can
be determined by means of analyzing the size of a touch
sensing signal output from the pixel circuit, and in turn, the
position of a contact is determined, thereby realizing a touch
detecting function. When the above pixel circuit is over the
display period, by means of storing the threshold voltage V,,
of the drive transistor T0 on the second capacitor Cst2, it is
ensured that the drive voltage for light emission of the
OLED is related to voltage V-, of a data signal, and has
nothing to do with the threshold voltage V,, of the drive
transistor T0. Thus, an impact of threshold voltage V,, on the
OLED is avoided. That is, when the same data signal is
employed to be applied to different pixel units, images with
the same brightness can be obtained, thereby improving the
uniformity of image brightness in a display region of the
display device.

Example 4

As illustrated in FIG. 5a and FIG. 55, the drive transistor
TO is a P-type transistor, and the first transistor T1, the
second switch transistor T2, the third switch transistor T3,
the fourth switch transistor T4 and the fifth switch transistor
T5 are N-type transistors. FIG. 5¢ is a circuit timing diagram
of FIG. 5a and FIG. 5b, in which, the voltage of the scan
signal terminal Scan is V,__, the voltage of the data signal
terminal Data is V,,,,, the voltage of the reset signal
terminal Reset is V., the voltage of the touch control
signal terminal Select is V., the voltage of the light-
emitting control signal terminal EM is V,,, the voltage of

5

10

15

25

30

40

45

50

55

60

65

22

the gate electrode of the drive transistor TO in the case of a
touch is V,;, and the voltage of the gate electrode of the
drive transistor T0 in the case of no touch is V.

The working principle of the pixel circuit is as follows.

For the initialization stage of the touch period (i.e. the first
stage 1 of the touch period), during this, the voltage V..,
of the reset signal terminal Reset is at high level, the voltage
Vgoeer 0f the touch control signal terminal Select and the
voltage V., of the light-emitting control signal terminal EM
are at low level, the first switch transistor T1 is in a
turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor TO to become the connecting
manner of a diode. The voltage V__, of the scan signal
terminal Scan is changed from a transient high level to a low
level, and at the same time, the voltage V,,,,, of the data
signal terminal Data is changed from a transient low level to
a high level as synchronized with the voltage of the scan
signal terminal, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end v2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 becomes V. Meanwhile, the voltage V,, of the first
reference signal terminal Refl starts to charge the second
capacitor Cst2 via the drive transistor T0 and the first switch
transistor T1, and the drive transistor T0 is turned off when
the voltage value V , of a first end y1 of the second capacitor
Cst2 becomes V,,+V,, by charge. The threshold voltage of
the drive transistor T0 is V ,,, and at this moment, the voltage
difference across the second capacitor Cst2 is V,,,, thereby
achieving storage of the threshold voltage of the drive
transistor TO at the first end y1 of the second capacitor Cst2.
Thus, the data write sub-module 2 is enabled to be in an
initialized state. At this time, the photodiode PD is in a
turned-off state, and whether there is a touch on the photo-
diode PD or not, gate voltages V,, and V, of the drive
transistor TO are both V,,+V,,.

For the data write stage of the touch period (i.e. the second
stage 2 of the touch period), during this, voltage V,_,,, of the
scan signal terminal Scan is at high level, voltage V., of
the data signal terminal Data, voltage V..., of the reset
signal terminal Reset, voltage V.., of the touch control
signal terminal Select and voltage V ,, of the light-emitting
control signal terminal EM are at low level, the second
switch transistor T2 is in a turned-on state, the first switch
transistor T1, the third switch transistor T3, the fourth switch
transistor T4 and the fifth switch transistor T5 are in a
turned-off state. The second end y2 of the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 becomes V. A data signal V,,,,, output
from the data signal terminal Data is written into a second
end x2 of the first capacitor Cstl connected to a drain
electrode of the second switch transistor T2 via its source
electrode, so that the voltage of the second end x2 of the first
capacitor Cstl becomes V., and at this moment, a cou-
pling voltage at the junction of the first capacitor Cstl and
the second capacitor Cst2 (namely, at the first end y1 of the
second capacitor Cst2) is Vp,, [CU/(C1+C2)[+Vpt+V,,,
wherein, C1 and C2 are capacity values of the first capacitor
Cstl and the second capacitor Cst2, respectively. The first
end y1 of the second capacitor C2 is connected to a gate
electrode of the drive transistor T0, and voltage of the gate
electrode of the drive transistor T0 is also V,,, [C1/(C1+
C2)]+V pptV,,,. namely, data write-in is achieved at the gate
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electrode of the drive transistor T0. In this stage, the
photodiode PD is in a turned-off state, and whether there is
a touch on the photodiode PD or not, gate voltages V,, and
V. of the drive transistor TO are both V,,,,[C1/(C1+C2)]+
VoptVy,

For the touch detection stage of the touch period (i.e. the
third stage 3 of the touch period), during this, voltage V.,
of the data signal terminal Data and voltage V,,,., of the
touch control signal terminal Select are at high level, voltage
V reser Of the reset signal terminal Reset, voltage V. of the
scan signal terminal Scan, and voltage V,, of the light-
emitting control signal'terminal EM are at low level, the
third switch transistor T3 and the fourth switch transistor T4
are in a turned-on state, and the first switch transistor T1, the
second switch transistor T2 and the fifth switch transistor T5
are in a turned-off state.

At this time, if the photodiode PD is not irradiated with
light (namely, there is a touch on it), so that the photodiode
PD is in a turned-off state, then the gate voltage V ,; of the
drive transistor T0 is still maintained at V,,, [C1/(C1+
C2)|4Vp+V,,, so that the drive transistor T is in a
turned-on state. The voltage V,, of the first reference signal
terminal Refl is input to a source electrode of the drive
transistor T0, a touch detection signal is output through the
drain electrode of the drive transistor T0, and the touch
detection signal is further output to a touch signal read
terminal Sensor via the switched-on fourth switch transistor
T4.

At this time, if the photodiode PD is irradiated with light
(namely, there is no touch on it), then photo-induced carriers
are generated by the photodiode PD as a result of photo-
electric effect. The formed inverse current causes charges on
the first capacitor Cstl and the second capacitor Cst2 to
increase, so that the gate voltage V , input to the drive
transistor TO is raised, and in turn, a touch detection signal
that is output from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the fourth switch
transistor T4 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the
photodiode PD, and the greater the light intensity is, the
smaller the touch detection signal is.

For the initialization stage of the display period (i.e. the
first stage 1 of the display period), during this, the voltage
V reser Of the reset signal terminal Reset is at high level, the
voltage V..., of the touch control signal terminal Select and
the voltage V,, of the light-emitting control signal terminal
EM are at low level, the first switch transistor T1 is in a
turned-on state, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The switched-on first switch transistor T1
causes the drive transistor TO to become the connecting
manner of a diode. The voltage V., of the scan signal
terminal Scan is changed from a transient high level to a low
level, and at the same time, the voltage V. of the data
signal terminal Data is changed from a transient low level to
a high level as synchronized with the voltage of the scan
signal terminal, so that the drive transistor TO that has
become the connecting manner of a diode is turned on. At
this time, a second end y2 of the second capacitor Cst2 is
directly connected to the first reference signal terminal Refl,
and the voltage of the second end y2 of the second capacitor
Cst2 is V. Meanwhile, the voltage V,, of the first
reference signal terminal Refl starts to charge the second
capacitor Cst2 via the drive transistor T0 and the first switch
transistor T1, and the drive transistor T0 is turned off when
the voltage value V , of a first end y1 of the second capacitor
Cst2 becomes V,,+V, by charge. The threshold voltage of
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the drive transistor T0 is 'V, and at this moment, the voltage
difference across the second capacitor Cst2 is V,,, thereby
achieving storage of the threshold voltage of the drive
transistor TO at the first end y1 of the second capacitor Cst2.
Thus, the data write sub-module 2 is enabled to be in an
initialized state.

For the data write stage of the display period (i.e. the
second stage 2 of the display period), during this, voltage
V.., of the scan signal terminal Scan is at high level,
voltage V,,,, of the data signal terminal Data, voltage V..,
of the reset signal terminal Reset, voltage V.., of touch
control signal terminal Select and voltage V,, of the light-
emitting control signal terminal EM are at low level, the
second switch transistor T2 is in a turned-on state, the first
switch transistor T1, the third switch transistor T3, the fourth
switch transistor T4 and the fifth switch transistor T5 are in
a turned-off state. The second end y2 of'the second capacitor
Cst2 is directly connected to a first reference signal terminal
Refl, and the voltage of the second end y2 of the second
capacitor Cst2 becomes V. A data signal V,,,,, output
from the data signal terminal Data is written into a second
end x2 of the first capacitor Cstl connected to a drain
electrode of the second switch transistor T2 via its source
electrode, so that the voltage of the second end x2 of the first
capacitor Cstl becomes V,,,,, and at this moment, a cou-
pling voltage at the junction of the first capacitor Cstl and
the second capacitor Cst2 (namely, at the first end y1 of the
second capacitor Cst2) is Vp,, [CI/(C1+C2)[+Vp+V,,,
wherein, C1 and C2 are capacity values of the first capacitor
Cstl and the second capacitor Cst2, respectively. The first
end y1 of the second capacitor C2 is connected to a gate
electrode of the drive transistor T0, and voltage of the gate
electrode of the drive transistor T0 is also V, [C1/(C1+
C2)]+V pp+V,,. namely, data write-in is achieved at the gate
electrode of the drive transistor T0.

For the light-emitting drive stage of the display period
(i.e. the third stage 3 of the display period), during this,
voltage V,,,, of the data signal terminal Data and voltage
V s of the light-emitting control signal terminal EM are at
high level, voltage V. of the reset signal terminal Reset,
voltage V._,,, of the scan signal terminal Scan and voltage
V g7, Of the touch control signal terminal Select are at low
level, the first switch transistor T1, the second switch
transistor T2, the third switch transistor T3 and the fourth
switch transistor T4 are in a turned-off state, the fifth switch
transistor T5 is in a turned-on state, and an OLED is turned
on. The gate voltage of the drive transistor TO is still
maintained at V. [C1/(C+C2)|+V,+V,, and at this
time, the voltage between the source electrode and the gate
electrode of the drive transistor T0 is V, =V -V =V,  [CV/
(C1+CY+V pptV 5=V 55=V 5 CH(C1+C2) |4V,

As the drive transistor T0 operates in a saturated state, it
can be known according to current characteristics in the
saturated state that, the on-state current i, of the drive
transistor TO satisfies the formula: 1 d:K(VgS—Vth)ZZK{VDm
[CI(C14C2)|+V -V, }*={(V 5, [C14C2)]}2, where K is
a structural parameter, and the value is relatively stable for
same structures, so that it can be regarded as a constant. As
can be seen from derivation of the formula, a drain current
flowing through the drive transistor T0 is merely related to
the voltage V. of a data signal terminal and capacity
values of the first capacitor Cstl and the second capacitor
Cst2, and has nothing to do with the threshold voltage V,,, of
the drive transistor T0. Therefore, when the on-state current
i, is used for driving the luminous device to give off light,
the current flowing through each OLED is relatively uni-
form. There is no such case where the threshold voltage V
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is non-uniform owing to the rear panel manufacturing pro-
cess and this leads to the fact that the current flowing
through each OLED differs, resulting in uneven brightness.

In summary, when the above pixel circuit is over the touch
period, in case that there is a touch on the photodiode PD,
a touch sensing signal output from the touch signal read
terminal Sensor is larger than a touch sensing signal output
from the touch signal read terminal in the case of no touch.
Whether there is a touch on the touch panel or not can be
determined by means of analyzing the size of a touch
sensing signal output from the pixel circuit, and in turn, the
position of a contact is determined, thereby realizing a touch
detecting function. When the above pixel circuit is over the
display period, by means of storing the threshold voltage V,,
of the drive transistor T0 on the second capacitor Cst2, it is
ensured that the drive voltage for light emission of the
OLED is related to voltage V., of a data signal, and has
nothing to do with the threshold voltage V,, of the drive
transistor TO. Thus, an impact of threshold voltage V,, on the
OLED is avoided. That is, when the same data signal is
employed to be applied to different pixel units, images with
the same brightness can be obtained, thereby improving the
uniformity of image brightness in a display region of the
display device.

Based on the same inventive concept, an organic elec-
troluminescent display panel comprising the above pixel
circuit provided by embodiments of the invention is further
provided by an embodiment of the invention. As the prin-
ciple to solve problems of the organic electroluminescent
display panel is similar to that of one of the aforementioned
pixel circuits, for implementation of the organic electrolu-
minescent display panel, reference can be made to imple-
mentation of the pixel circuit, and repetitions are omitted
here.

Based on the same inventive concept, a display device
comprising the above organic electroluminescent display
panel provided by the embodiment of the invention is further
provided by an embodiment of the invention. The display
device may be a display, a cell phone, a television, a
notebook, an all-in-one machine, or the like. As for other
constituent parts requisite to the display device, it should be
understood by those ordinarily skilled in the art that each is
provided therein, and they will not be described any more
here, and should not be construed as limitative of the
invention, either.

With respect to a pixel circuit, an organic electrolumines-
cent display panel and a display device provided by embodi-
ments of the invention, the pixel circuit comprises a drive
sub-module, a data write sub-module, a touch detection
sub-module having a photosensitive device and a light-
emitting control sub-module having a luminous device;
wherein, under the control of the reset signal terminal, the
scan signal terminal and the data signal terminal, a data
signal is transmitted to the first terminal of the drive sub-
module by the data write sub-module; under the control of
the touch control signal terminal, the touch detection sub-
module controls output of a touch detection signal from the
drive sub-module to the touch signal read terminal, the touch
detection signal being decreased as the light intensity irra-
diated onto the photosensitive device is increased, so as to
realize a touch detecting function; under the control of the
light-emitting control signal terminal, the light-emitting
control sub-module controls the drive sub-module to drive
the luminous device to give off light, so as to realize a
display driving function. Touch and display functions are
integrated in the pixel circuit, so that the production cost
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involved in arranging a display driving circuit and a touch
circuit separately can be saved, and thickness of the display
panel can be thinned as well.

Descriptions made above are merely exemplary embodi-
ments of the invention, but are not used to limit the protec-
tion scope of the invention. The protection scope of the
invention is determined by attached claims.

This application claims the benefit of priority from Chi-
nese patent application No. 201310329847 X, filed on Jul.
31, 2013, the disclosure of which is incorporated herein in
its entirety by reference as a part of the present application.

The invention claimed is:

1. A pixel circuit, comprising: a drive sub-module, a data
write sub-module, a touch detection sub-module having a
photosensitive device, and a light-emitting control sub-
module having a luminous device, wherein,

a first terminal of the drive sub-module is connected to a
first terminal of the data write sub-module and a first
terminal of the touch detection sub-module, respec-
tively, a second terminal of the drive sub-module is
connected to a second terminal of the data write sub-
module, a second terminal of the touch detection sub-
module and a first reference signal terminal, respec-
tively, a third terminal of the drive sub-module is
connected to a third terminal of the data write sub-
module, a third terminal of the touch detection sub-
module and a first terminal of the light-emitting control
sub-module, respectively;

a fourth terminal of the data write sub-module is con-
nected to a reset signal terminal, a fifth terminal of the
data write sub-module is connected to a scan signal
terminal, a sixth terminal of the data write sub-module
is connected to a data signal terminal; under the control
of the reset signal terminal, the scan signal terminal and
the data signal terminal, a data signal is transmitted to
the first terminal of the drive sub-module by the data
write sub-module;

a fourth terminal of the touch detection sub-module is
connected to a touch control signal terminal, a fifth
terminal of the touch detection sub-module is con-
nected to a touch signal read terminal; under the control
of the touch control signal terminal, the touch detection
sub-module controls output of a touch detection signal
from the drive sub-module to the touch signal read
terminal, the touch detection signal being decreased as
the light intensity irradiated onto the photosensitive
device is increased;

a second terminal of the light-emitting control sub-mod-
ule is connected to a second reference signal terminal,
a third terminal of the light-emitting control sub-mod-
ule is connected to a light-emitting control signal
terminal; under the control of the light-emitting control
signal terminal, the light-emitting control sub-module
controls the drive sub-module to drive the luminous
device to give off light,

wherein, the data write sub-module comprises a first
switch transistor, a second switch transistor, a first
capacitor and a second capacitor,

wherein, a gate electrode of the first switch transistor is
connected to the reset signal terminal, a source elec-
trode of the first switch transistor is connected to the
third terminal of the drive sub-module, and a drain
electrode of the first switch transistor is connected to
the first terminal of the drive sub-module, a first end of
the first capacitor and a first end of the second capaci-
tor, respectively;
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a gate electrode of the second switch transistor is con-
nected to the scan signal terminal, a source electrode of
the second switch transistor is connected to the data
signal terminal, and a drain electrode of the second
switch transistor is connected to a second end of the
first capacitor;

a second end of the second capacitor is connected to the
first reference signal terminal, the second terminal of
the drive sub-module and the second terminal of the
touch detection sub-module, respectively.

2. The pixel circuit according to claim 1, wherein, the first
terminal and the second terminal of the drive sub-module are
signal input terminals, and the third terminal of the drive
sub-module is a signal output terminal;

the first terminal of the data write sub-module is a signal
output terminal, the second terminal, the third terminal,
the fourth terminal, the fifth terminal and the sixth
terminal of the data write sub-module are signal input
terminals;

one of the first terminal and the second terminal of the
touch detection sub-module is a signal input terminal,
the other one of the first terminal and the second
terminal of the touch detection sub-module is a signal
output terminal; the third terminal and the fourth ter-
minal of the touch detection sub-module are signal
input terminals, the fifth terminal of the touch detection
sub-module is a signal output terminal;

one of the first terminal and the second terminal of the
light-emitting control sub-module is a signal input
terminal, the other one of the first terminal and the
second terminal of the light-emitting control sub-mod-
ule is a signal output terminal; the third terminal of the
light-emitting control sub-module is a signal input
terminal.

3. The pixel circuit according to claim 2, wherein, the
drive sub-module comprises a drive transistor, a gate elec-
trode of which is the first terminal of the drive sub-module,
a source electrode of which is the second terminal of the
drive sub-module, and a drain electrode of which is the third
terminal of the drive sub-module.

4. The pixel circuit according to claim 3, wherein, the
drive transistor is an N-type transistor, the voltage of the first
reference signal terminal is a zero voltage or a negative
voltage, and the voltage of the second reference signal
terminal is a positive voltage; or

the drive transistor is a P-type transistor, the voltage of the
first reference signal terminal is a positive voltage, and
the voltage of the second reference signal terminal is a
negative voltage or a zero voltage.

5. The pixel circuit according to claim 2, wherein, the
touch detection sub-module comprises a third switch tran-
sistor and a fourth switch transistor, wherein,

a gate electrode of the third switch transistor is connected
to the touch control signal terminal, a drain electrode of
the third switch transistor is connected to a first end of
the photosensitive device;

one of a source electrode of the third switch transistor and
a second terminal of the photosensitive device is con-
nected to the first terminal of the drive sub-module, and
the other one of the source electrode of the third switch
transistor and the second terminal of the photosensitive
device is connected to the first reference signal termi-
nal;

a gate electrode of the fourth switch transistor is con-
nected to the touch control signal terminal, a source
electrode of the fourth switch transistor is connected to
the third terminal of the drive sub-module, and a drain
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electrode of the fourth switch transistor is connected to
the touch signal read terminal.

6. The pixel circuit according to claim 2, wherein, the
light-emitting control sub-module comprises a fifth switch
transistor, wherein,

a gate electrode of the fifth switch transistor is connected
to the light-emitting control signal terminal, and a drain
electrode of the fifth switch transistor is connected to a
first terminal of the luminous device;

one of a source electrode of the fifth switch transistor and
a second terminal of the luminous device is connected
to the third terminal of the drive sub-module, and the
other one of the source electrode of the fifth switch
transistor and the second terminal of the luminous
device is connected to the second reference signal
terminal.

7. The pixel circuit according to claim 1, wherein, the first
switch transistor is an N-type transistor or a P-type transis-
tor; the second switch transistor is an N-type transistor or a
P-type transistor.

8. The pixel circuit according to claim 1, wherein, the
touch detection sub-module comprises a third switch tran-
sistor and a fourth switch transistor, wherein,

a gate electrode of the third switch transistor is connected
to the touch control signal terminal, a drain electrode of
the third switch transistor is connected to a first end of
the photosensitive device;

one of a source electrode of the third switch transistor and
a second terminal of the photosensitive device is con-
nected to the first terminal of the drive sub-module, and
the other one of the source electrode of the third switch
transistor and the second terminal of the photosensitive
device is connected to the first reference signal termi-
nal;

a gate electrode of the fourth switch transistor is con-
nected to the touch control signal terminal, a source
electrode of the fourth switch transistor is connected to
the third terminal of the drive sub-module, and a drain
electrode of the fourth switch transistor is connected to
the touch signal read terminal.

9. The pixel circuit according to claim 8, wherein, the
third switch transistor and the fourth switch transistor are
N-type transistors; or, the third switch transistor and the
fourth switch transistor are P-type transistors.

10. The pixel circuit according to claim 1, wherein, the
light-emitting control sub-module comprises a fifth switch
transistor, wherein,

a gate electrode of the fifth switch transistor is connected
to the light-emitting control signal terminal, and a drain
electrode of the fifth switch transistor is connected to a
first terminal of the luminous device;

one of a source electrode of the fifth switch transistor and
a second terminal of the luminous device is connected
to the third terminal of the drive sub-module, and the
other one of the source electrode of the fifth switch
transistor and the second terminal of the luminous
device 1s connected to the second reference signal
terminal.

11. The pixel circuit according to claim 10, wherein, the
fifth switch transistor is an N-type transistor or a P-type
transistor.

12. An organic electroluminescent display panel, com-
prising the pixel circuit according to claim 1.

13. A display device, comprising the organic electrolumi-
nescent display panel according to claim 12.

14. The organic electroluminescent display panel accord-
ing to claim 12, wherein, the first terminal and the second



US 9,495,908 B2

29

terminal of the drive sub-module are signal input terminals,
and the third terminal of the drive sub-module is a signal
output terminal;
the first terminal of the data write sub-module is a signal
output terminal, the second terminal, the third terminal,
the fourth terminal, the fifth terminal and the sixth
terminal of the data write sub-module are signal input
terminals;
one of the first terminal and the second terminal of the
touch detection sub-module is a signal input terminal,
the other one of the first terminal and the second
terminal of the touch detection sub-module is a signal
output terminal; the third terminal and the fourth ter-
minal of the touch detection sub-module are signal
input terminals, the fifth terminal of the touch detection
sub-module is a signal output terminal;
one of the first terminal and the second terminal of the
light-emitting control sub-module is a signal input
terminal, the other one of the first terminal and the
second terminal of the light-emitting control sub-mod-
ule is a signal output terminal; the third terminal of the
light-emitting control sub-module is a signal input
terminal.
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15. The organic electroluminescent display panel accord-
ing to claim 14, wherein, the drive sub-module comprises a
drive transistor, a gate electrode of which is the first terminal
of the drive sub-module, a source electrode of which is the
second terminal of the drive sub-module, and a drain elec-
trode of which is the third terminal of the drive sub-module.

16. The organic electroluminescent display panel accord-
ing to claim 15, wherein, the drive transistor is an N-type
transistor, the voltage of the first reference signal terminal is
a zero voltage or a negative voltage, and the voltage of the
second reference signal terminal is a positive voltage; or

the drive transistor is a P-type transistor, the voltage of the
first reference signal terminal is a positive voltage, and
the voltage of the second reference signal terminal is a
negative voltage or a zero voltage.

17. The organic electroluminescent display panel accord-
ing to claim 12, wherein, the first switch transistor is an
N-type transistor or a P-type transistor; the second switch
transistor is an N-type transistor or a P-type transistor.
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