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PIXEL CIRCUIT, ORGANIC
ELECTROLUMINESCENT DISPLAY PANEL
AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
pixel circuit, an organic electroluminescent display panel and
a display device.

BACKGROUND

[0002] As the display devices are developing in the direc-
tion of lightness and thinness, high resolution, intellectual-
ization, 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 manufacturers, 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.
[0003] Inexistingin-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 used for realization of a touch function, and another
set of circuits is used for realization of a display driving
function of the OLED. But, separate arrangement of a display
drive circuit and atouch circuit will suffer in the drawbacks of
higher production cost, heavier display screen and being
thicker.

SUMMARY

[0004] According to an embodiment of the present inven-
tion, there is provided a pixel circuit, comprising: a luminous
device, a photosensitive device, a drive control sub-module, a
data write sub-module, a light-emitting control sub-module
and a touch detection sub-module; wherein,

[0005] a first terminal of the drive control sub-module is
connected to a first terminal of the data write sub-module and
a first terminal of the photosensitive device, respectively, a
second terminal of the drive control sub-module is connected
to a first terminal of the luminous device and a second termi-
nal of the data write sub-module, respectively, a third terminal
of the drive control sub-module is connected to a first terminal
of the light-emitting control sub-module and a first terminal
of the touch detection sub-module, respectively;

[0006] a third terminal of the data write sub-module is
connected to a data signal terminal, a fourth terminal of the
data write sub-module is connected to a scan signal terminal,
a fifth terminal of the data write sub-module is connected to a
first reference signal terminal, a second terminal of the lumi-
nous device and a second terminal of the light-emitting con-
trol sub-module, respectively, a sixth terminal of the data
write sub-module is connected to a third terminal of the
light-emitting control sub-module; under the control of the
scan signal terminal, a data signal at the data signal terminal
is transmitted to the drive control sub-module by the data
write sub-module;

[0007] a fourth terminal of the light-emitting control sub-
module is connected to a second reference signal terminal and
asecond terminal of the touch detection sub-module, respec-
tively, a fifth terminal of the light-emitting control sub-mod-
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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 con-
trol sub-module to drive the luminous device to give off light;
[0008] athird terminal of the touch detection sub-module is
connected to a second terminal of the photosensitive device,
a fourth terminal of the touch detection sub-module is con-
nected to a touch signal read terminal, a fifth terminal of the
touch detection sub-module is connected to a touch control
signal terminal; under the control of the touch control signal
terminal, the touch detection sub-module controls output ofa
touch detection signal from the drive control sub-module to
the touch signal read terminal, the touch detection signal
being decreased as the light intensity irradiated onto the pho-
tosensitive device is increased.

[0009] An organic electroluminescent display panel pro-
vided by an embodiment of the invention comprises the pixel
circuit provided by embodiments of the invention.

[0010] A display device provided by an embodiment of the
invention comprises the organic electroluminescent display
panel provided by embodiments of the invention.

[0011] Beneficial effects of embodiments of the invention
comprises:
[0012] With respect to a pixel circuit, an organic electrolu-

minescent display panel and a display device provided by
embodiments of the invention, the pixel circuit comprises a
luminous device, a photosensitive device, a drive control
sub-module, a data write sub-module, a light-emitting control
sub-module and a touch detection sub-module; wherein, a
first terminal of the drive control sub-module is connected to
a first terminal of the data write sub-module and a first termi-
nal of the photosensitive device, respectively, its second ter-
minal is connected to a first terminal of the luminous device
and a second terminal of the data write sub-module, its third
terminal is connected to a first terminal of the light-emitting
control sub-module and a first terminal of the touch detection
sub-module; a third terminal of the data write sub-module is
connected to a data signal terminal, its fourth terminal is
connected to a scan signal terminal, its fifth terminal is con-
nected to a first reference signal terminal, a second terminal of
the luminous device and a second terminal of the light-emit-
ting control sub-module, respectively, its sixth terminal is
connected to a third terminal of the light-emitting control
sub-module; a fourth terminal of the light-emitting control
sub-module is connected to a second reference signal termi-
nal and a second terminal of the touch detection sub-module,
respectively, a fifth terminal of the light-emitting control sub-
module is connected to a light-emitting control signal termi-
nal; a third terminal of the touch detection sub-module is
connected to a second terminal of the photosensitive device,
a fourth terminal of the touch detection sub-module is con-
nected to a touch signal read terminal, a fifth terminal of the
touch detection sub-module is connected to a touch control
signal terminal. Upon the data write sub-module being turned
on, a data signal at the data signal terminal is transmitted to
the drive control sub-module by the data write sub-module;
upon the light-emitting control sub-module being turned on,
the light-emitting control sub-module controls the drive con-
trol sub-module to drive the luminous device to give off light,
so as to achieve a display function; and upon the touch detec-
tion sub-module being turned on, the touch detection sub-
module controls output of a touch detection signal from the
drive control sub-module to a touch signal read terminal. The
touch detection signal is decreased as the light intensity irra-
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diated onto the photosensitive device is increased, so as to
achieve a touch detecting function. Touch and display func-
tions are integrated in the pixel circuit, so that the production
cost involved in arranging a display drive circuit and a touch
circuit separately can be saved, and thickness of the display
panel can be thinned as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order to illustrate the technical solution of the
embodiments 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 inven-
tion.

[0014] FIG.1 isa structurally schematic view illustrating a
pixel circuit provided by an embodiment of the invention;
[0015] FIG. 2a to FIG. 2d are structurally schematic views
respectively illustrating a pixel circuit provided by an
embodiment of the invention;

[0016] FIG. 3a to FIG. 34 are diagrams respectively illus-
trating the circuit timing of a pixel circuit provided by an
embodiment of the invention.

DETAILED DESCRIPTION

[0017] 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 understand-
able way in connection with the drawings related to the
embodiments of the invention. It is obvious that the described
embodiments 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.
[0018] A pixel circuit provided by an embodiment of the
invention, as illustrated in FIG. 1, comprises a luminous
device D1, a photosensitive device P1, a drive control sub-
module 1, a data write sub-module 2, a light-emitting control
sub-module 3 and a touch detection sub-module 4.

[0019] A firstterminal 1a of the drive control sub-module 1
is connected to a first terminal 2a of the data write sub-module
2 and a first terminal x1 of the photosensitive device P1,
respectively, a second terminal 15 of the drive control sub-
module 1 is connected to a first terminal y1 of the luminous
device D1 and a second terminal 25 of the data write sub-
module 2, respectively, and a third terminal 1¢ of the drive
control sub-module 1 is connected to a first terminal 3a of the
light-emitting control sub-module 3 and a first terminal 4a of
the touch detection sub-module 4, respectively.

[0020] A third terminal 2¢ of the data write sub-module 2 is
connected to a data signal terminal Data, a fourth terminal 24
of the data write sub-module 2 is connected to a scan signal
terminal Scan, a fifth terminal 2e of the data write sub-module
2 is connected to a first reference signal terminal Refl, a
second terminal y2 of the luminous device D1 and a second
terminal 35 of the light-emitting control sub-module 3,
respectively, and a sixth terminal 2f of the data write sub-
module 2 is connected to a third terminal 3¢ of the light-
emitting control sub-module 3. Under the control of the scan
signal terminal Scan, a data signal of the data signal terminal
Data is transmitted to the drive control sub-module 1 by the
data write sub-module 2.
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[0021] A fourth terminal 3d of the light-emitting control
sub-module 3 is connected to a second reference signal ter-
minal Ref2 and a second terminal 45 of the touch detection
sub-module 4, respectively, a fifth terminal 3e of the light-
emitting control sub-module 3 is connected to a light-emit-
ting control signal terminal Emission; under the control of the
light-emitting control signal terminal Emission, light-emit-
ting control sub-module 3 controls the drive control sub-
module to drive the luminous device D1 to give off light.
[0022] A third terminal 4¢ of the touch detection sub-mod-
ule 4 is connected to a second terminal x2 of the photosensi-
tive device P1, a fourth terminal 4d of the touch detection
sub-module 4 is connected to a touch signal read terminal
Sensor, and a fifth terminal 4e of the touch detection sub-
module 4 is connected to a touch control signal terminal
Select. Under the control of the touch control signal terminal
Select, touch detection sub-module 4 takes control of output
of a touch detection signal from the drive control sub-module
1 to the touch signal read terminal Sensor, and the touch
detection signal is decreased as the light intensity irradiated
onto the photosensitive device P1 is increased.

[0023] The above pixel circuit provided by an embodiment
of the invention comprises a luminous device D1, a photo-
sensitive device P1, a drive control sub-module 1, a data write
sub-module 2, a light-emitting control sub-module 3 and a
touch detection sub-module 4. Upon the data write sub-mod-
ule 2 being turned on, a data signal at the data signal terminal
Data is transmitted to the drive control sub-module 1 from the
data write sub-module 2; upon the light-emitting control sub-
module 3 being turned on, the light-emitting control sub-
module 3 controls the drive control sub-module 1 to drive the
luminous device D1 to give offlight, so as to achieve a display
fanction; upon the touch detection sub-module 4 being turned
on, the touch detection sub-module 4 takes control of output
of a touch detection signal from the drive control sub-module
1to the touch signal read terminal Sensor. The touch detection
signal is decreased as the light intensity irradiated onto the
photosensitive device P1 is increased, so as to achieve a touch
detecting function. Touch and display functions are inte-
grated into the pixel circuit, and as such, the production cost
involved in arranging a display drive circuit and a touch drive
circuit separately can be saved, and thickness of the display
panel can be thinned as well.

[0024] 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 control sub-module 1 are
signal input terminals, and the third terminal 1¢ of the drive
control sub-module 1 is a signal output terminal,

[0025] the first terminal 2a and the second terminal 25 of
the data write sub-module 2 are signal output terminals, and
the third terminal 2¢, the fourth terminal 24, the fifth terminal
2e and the sixth terminal 2f of the data write sub-module 2 are
signal input terminals;

[0026] the first terminal 3a, the second terminal 35 and the
fifth terminal 3e of the light-emitting control sub-module 3
are signal input terminals, and the third terminal 3¢ and the
fourth terminal 3d of the light-emitting control sub-module 3
are signal output terminals;

[0027] the first terminal 4a and the fifth terminal 4e of the
touch detection sub-module 4 are signal input terminals, the
fourth terminal 44 of the touch detection sub-module 4 is a
signal output terminal; the second terminal 454 of the touch
detection sub-module 4 is a signal input terminal, and the
third terminal 4¢ is a signal output terminal, or, the second
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terminal 45 of the touch detection sub-module 4 is a signal
output terminal, and the third terminal 4¢ is a signal input
terminal.

[0028] For example, the drive control sub-module 1 in the
above pixel circuit provided by embodiments of the invention
may comprise a drive transistor T0. As illustrated in FIG. 1, a
gate electrode of the drive transistor T0 is the first terminal 1a
of the drive control sub-module 1, a drain electrode of the
drive transistor T0 is the second terminal 15 of the drive
control sub-module 1, and a source electrode of the drive
transistor TO is the third terminal 1c of the drive control
sub-module 1. Of course, the drive control 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.

[0029] For example, the luminous device D1 in the above
pixel circuit provided by embodiments of the invention is
usually an organic light emitting diode (OLED). The lumi-
nous display is achieved by the luminous device D1 under the
action of an on-state current of the drive transistor T0. Spe-
cifically, the signal at the first reference signal terminal Refl
is a high-level direct current signal, the signal at the second
reference signal terminal Ref2 is a low-level direct current
signal, and a positive electrode of the OLED is connected to
the first reference signal terminal Refl.

[0030] Forexample, the operation of the above pixel circuit
provided by embodiments of the invention is divided into two
periods: touch and display periods. Upon the above pixel
circuit being 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.

[0031] The working principle of the touch period and the
display period of the above pixel circuit provided by embodi-
ments of the invention will be introduced below briefly.
[0032] At the touch period, the operation of the above pixel
circuit is concretely divided into two stages:

[0033] A first stage: a data write stage, in which, data write
to a gate electrode of the drive transistor T0 is achieved by the
pixel circuit. At this stage, the light-emitting control sub-
module 3 and the touch detection sub-module 4 are in a
turned-off state, the data write sub-module 2 is in a turned-on
state, and a data signal output from the data signal terminal
Data is applied to the gate electrode of the drive transistor T0
by the data write sub-module 2.

[0034] A second stage: a touch detection stage, in which,
the data write sub-module 2 and the light-emitting control
sub-module 3 are in a turned-off state, the touch detection
sub-module 4 is in a turned-on state, the first terminal x1 of
the switched-on photosensitive device P1 is connected to the
gate electrode of the drive transistor T0, and the touch detec-
tion sub-module 4 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 photosensitive device P1
1s increased, so as to achieve detection of a touch.

[0035] At the display period, the operation of the above
pixel circuit is also divided into two stages:

[0036] A first stage: a data write stage, in which, data write
to a gate electrode of the drive transistor T0is achieved by the
pixel circuit. At this stage, the light-emitting control sub-
module 3 and the touch detection sub-module 4 are in a
turned-off state, the data write sub-module 2 is in a turned-on
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state, and a data signal output from the data signal terminal
Data is applied to the gate electrode of the drive transistor T0
by the data write sub-module 2.

[0037] A second stage: a light-emitting drive stage, in
which, the data write sub-module 2 and the touch detection
sub-module 4 are in a turned-off state, the light-emitting
control sub-module 3 is in a turned-on state, a first terminal y1
of the luminous device D1 is connected to a drain electrode of
the drive transistor T0, and the light-emitting control sub-
module 3 controls the drive control sub-module 1 to drive the
luminous device D1 to give offlight, so as to achieve a display
function.

[0038] Hereinafter, the concrete structure and the working
principle of the data write sub-module 2, the light-emitting
control sub-module 3 and the touch detection sub-module 4 in
the above pixel circuit provided by embodiments of the inven-
tion will be described in detail.

[0039] For example, in a pixel circuit provided by an
embodiment of the invention, the data write sub-module 2, as
illustrated in FIG. 2a to FIG. 2d, may comprise a first switch
transistor T1, a second switch transistor T2, a third switch
transistor T3 and a capacitor Cst.

[0040] A gate electrode of the first switch transistor T1 is
connected to a scan signal terminal Scan, a source electrode
of the first switch transistor T1 is connected to a data signal
terminal Data, and a drain electrode of the first switch tran-
sistor T1 is connected to a gate electrode of a drive transistor
T0 and a first end Z1 of the capacitor Cst, respectively;
[0041] A gateelectrodeofthe second switch transistor T2 is
connected to the scan signal terminal Scan, a source electrode
of the second switch transistor T2 is connected to a first
reference signal terminal Refl, and a drain electrode of the
second switch transistor T2 is connected to a drain electrode
of the drive transistor TO;

[0042] Upon the third switch transistor T3 being a N-type
transistor, as illustrated in FIG. 2a¢ and FIG. 24, a gate elec-
trode and a source electrode of the third switch transistor T3
are connected to the drain electrode of the drive transistor T0,
respectively, and a drain electrode of the third switch transis-
tor T3 is connected to a second end z2 of the capacitor; upon
the third switch transistor T3 being a P-type transistor, as
illustrated in FIG. 2¢ and. FIG. 24, a gate electrode and a
source electrode of the third switch transistor T3 are con-
nected to a second end 72 of the capacitor, respectively, a
drain electrode of the third switch transistor T3 is connected
to the drain electrode of the drive transistor T0. In the above
pixel circuit, the gate electrode and the source electrode of the
third switch transistor T3 are connected to each other, and its
purpose is to make the third switch transistor T3 constitute a
diode structure, and as compared with the direct use of a
diode, components of the third switch transistor T3 function-
ing as a diode may be fabricated in the same layers as com-
ponents of other switch transistors in the pixel circuit. As
such, it is possible that the manufacturing process is simpli-
fied, and the production cost is reduced.

[0043] Itis to be noted that, upon concrete implementation,
the first switch transistor T1 and the second switch transistor
T2 may be P-type transistors, and may also be N-type tran-
sistors, and no limit will be set here. In the event that the first
switch transistor T1 and the second switch transistor T2 are
N-type transistors, the first switch transistor T1 and the sec-
ond switch transistor T2 can be turned on only when a scan
signal of a high level is output from the scan signal terminal
Scan; in the event that the first switch transistor T1 and the
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second switch transistor T2 are P-type transistors, the first
switch transistor T1 and the second switch transistor T2 can
be turned on only when a scan signal of a low level is output
from the scan signal terminal Scan.

[0044] For example, in the above pixel circuit provided by
embodiments of the invention, threshold voltages of the third
switch transistor T3 and the drive transistor T0 may be the
same with each other, namely, the third switch transistor T3
and the drive transistor T0 may be N-type transistors simul-
taneously, and the third switch transistor T3 and the drive
transistor TO have the same structure; or, the third switch
transistor T3 and the drive transistor T0 may be P-type tran-
sistors simultaneously, and the third switch transistor T3 and
the drive transistor T0 have the same structure.

[0045] Itis to be noted that, for example, in the above pixel
circuit provided by embodiments of the invention, upon the
third switch transistor T3 and the drive transistor TO being
N-type transistors, their threshold voltages Vth have positive
values, and the data signal to the data signal terminal Data at
the data write period should be a high-level signal; upon the
third switch transistor T3 and the drive transistor T0 are
P-type transistors, their threshold voltages Vth have negative
values, and the data signal to the data signal terminal Data at
the data write period should be a low-level signal.

[0046] For example, as for the pixel circuit provided by
embodiments of the invention, as illustrated in FIG. 2a to
FIG. 2d, the photosensitive device P1 may specifically be a
photodiode PD (Photo Diode);

[0047] wupon the third switch transistor T3 and the drive
transistor T0 being N-type transistors, as illustrated in F1G. 2a
and FIG. 25, a cathode of the photodiode PD is connected to
a gate electrode of the drive transistor TO; upon the third
switch transistor T3 and the drive transistor T0 being P-type
transistors, as illustrated in FIG. 2c and FIG. 2d, an anode of
the photodiode PD is connected to a gate electrode of the drive
transistor T0.

[0048] For example, in the pixel circuit provided by
embodiments of the invention, the light-emitting control sub-
module 3, as illustrated in FIG. 2a to FIG, 2d, may comprise
a fourth switch transistor T4 and a fifth switch transistor T5;
wherein,

[0049] a gate electrode of the fourth switch transistor T4 is
connected to a light-emitting control signal terminal Emis-
sion, a source electrode of the fourth switch transistor T4 is
connected to a first reference signal terminal Refl, and adrain
electrode of the fourth switch transistor T4 is connected to a
second end 72 of the capacitor Cst;

[0050] a gate electrode of the fifth switch transistor T3 is
connected to the light-emitting control signal terminal Emis-
sion, a source electrode of the fifth switch transistor T5 is
connected to a third terminal of the drive transistor T0, and a
drain electrode of the fifth switch transistor T5 is connected to
a second reference signal terminal Ref2.

[0051] For example, the fourth switch transistor T4 and the
fifth switch transistor T5 may be N-type transistors, as illus-
trated in FIG. 2a and F1G. 2d; the fourth switch transistor T4
and the fifth switch transistor T5 may also be P-type transis-
tors, as illustrated in FIG. 24 and FIG. 2¢. No limitation will
be made here.

[0052] It is to be noted that, for example, in the event that
the fourth switch transistor T4 and the fifth switch transistor
T5 are N-type transistors, the fourth switch transistor T4 and
the fifth switch transistor TS can be turned on only when a
light-emitting control signal of a high level is output from the
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light-emitting control signal terminal Emission; in the event
that the fourth switch transistor T4 and the fifth switch tran-
sistor T5 are P-type transistors, the fourth switch transistor T4
and the fifth switch transistor T5 can be turned on only when
alight-emitting control signal of a low level is output from the
light-emitting control signal terminal Emission.

[0053] For example, in the pixel circuit provided by
embodiments of the invention, the touch detection sub-mod-
ule 4, as illustrated in FIG. 2a to FIG. 2d, may comprise a
sixth switch transistor T6 and a seventh switch transistor T7;
wherein,

[0054] a gate electrode of the sixth switch transistor T6 is
connected to a touch control signal terminal Select, a source
electrode of the sixth switch transistor T6 is connected to a
third terminal of the drive control sub-module 1 (i.e., a source
electrode of the drive transistor T0), and a drain electrode of
the sixth switch transistor T6 is connected to a touch signal
read terminal Sensor;

[0055] agate electrode of the seventh switch transistor T7 is
connected to the touch control signal terminal Select, a source
electrode of the seventh switch transistor T7 is connected to a
second terminal of the photosensitive device P1, and a drain
electrode of the seventh switch transistor T7 is connected to a
second reference signal terminal Ref2.

[0056] For example, the sixth switch transistor T6 and the
seventh switch transistor T7 may be N-type transistors, as
illustrated in FIG. 2q and FIG. 2d; the sixth switch transistor
T6 and the seventh switch transistor T7 may also be P-type
transistors, as illustrated in F1G. 256 and FIG. 2e. No limitation
will be made here.

[0057] Itis to be noted that, for example, in the event that
the sixth switch transistor T6 and the seventh switch transistor
T7 are N-type transistors, the sixth switch transistor T6 and
the seventh switch transistor T7 can be turned on only when a
touch control signal of a high level is output from the touch
control signal terminal Select; in the event that the sixth
switch transistor T6 and the seventh switch transistor T7 are
P-type transistors, the sixth switch transistor T6 and the sev-
enth switch transistor T7 can be turned on only when a touch
control signal of a low level is output from the touch control
signal terminal Select.

[0058] Itistobe noted that, in the 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 (MOS) transistor, no
limit being set here. And, source electrodes and drain elec-
trodes of these transistors may be interchanged, and no spe-
cific discrimination will be made.

[0059] 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, the voltage value of the
first reference signal terminal Refl is a high level (V,5,), and
the voltage value of the second reference signal terminal Ref2
is a low level (V ), usually being zero volts.

EXAMPLE 1

[0060] As illustrated in F1G. 2a, the drive transistor T0 and
the third transistor T3 are N-type transistors, and the first
switch transistor T1, the second switch transistor T2, the
fourth switch transistor T4, the fifth switch transistor TS5, the
sixth switch transistor T6 and the seventh switch transistor T7
are N-type transistors as well.
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[0061] Inacircuitsignal timing diagram ofthe pixel circuit,
as illustrated in FIG. 3a, the voltage of the scan signal termi-
nalis Vg, the voltage of the data signal voltage is V., the
voltage of the light-emitting control signal terminal is V. -
sion, the voltage of the touch control signal terminal is Vg, .,
the voltage of the second end of the capacitor is V,, the
voltage of the gate electrode of the drive transistor T0 in the
case of atouch is V , and the voltage of the gate electrode of
the drive transistor T0 in the case of no touch is V..

[0062] The working principle of the pixel circuit is as fol-
lows.
[0063] At the data write stage of the touch period (i.e. the

o OF the scan signal ter-
minal and V,,, of the data signal terminal are of high level,
V oission OF the light-emitting control signal terminal and
V goreer O touch control signal terminal are of low level, and at
this time, the first switch transistor T1 and the second switch
transistor T2 are in a turned-on state, the fourth switch tran-
sistor T4, the fifth switch transistor T3, the sixth switch tran-
sistor T6 and the seventh switch transistor T7 are in a turned-
off state, and the OLED is in a short-circuited state. The
voltage V,, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V5, the voltage value
V, of the second end 72 of the capacitor Cst turns to be
V pp—V 3, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end 72 of the
capacitor Cst. A data signal V, ., output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V,_,,, the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor TO is also V5, (i.e., data write of V., is realized
at the gate electrode of the drive transistor). In this case, 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 V..

[0064] At the touch detection stage of the touch period (i.e.
the second stage of the touch period), V..., of the touch
control signal terminal is of high level, V__ of the scan of
signal terminal, V,, . of the data signal terminaland V. ;...
of the light-emitting control signal terminal are of low level,
and at this time, the first switch transistor T1, the second
switch transistor T2, the fourth switch transistor T4, and the
fifth switch transistor T5 are in a turned-off state, the sixth
switch transistor T6 and the seventh switch transistor T7 are
in a turned-on state, and the photodiode PD and the second
reference signal terminal Ref2 are in a state of being con-
nected. An OLED is turned on transiently, the voltage V ,, of
the first reference signal terminal Refl flows into gate and
source electrodes of the third switch transistor T3 via the
OLED, to let the third transistor T3 be in a turned-on state, and
is output from the drain electrode of the third transistor T3 to
the second end 72 of the capacitor Cst, so that the voltage
value V, of the second end 72 of the capacitor Cst turns into
Vop=V3=V 0, Wherein, V,, 1s the threshold voltage of the
luminous device OLED. Based on the principle of conserva-
tion of capacitance charge, the voltage of the first end z1 of the

first stage of the touch period), V
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capacitor turns into Vpyp=V,3=V,ot(Vpue=Vor+ Vi)
=V paa—V o accordingly. At this time, if the photodiode PD
is not irradiated with light (namely, there is a touch on it), that
is, the photodiode PD is in a turned-off state, then the gate
voltage V, of the drive transistor T0 is maintained at V,,,,,,~
V ;0- 1f the photodiode PD is irradiated with light (namely,
there is no touch on it), then photo-induced carriers are gen-
erated by the photodiode as a result of photoelectric effect so
as to form a photocurrent. The photocurrent will cause the
charge on the capacitor Cst to decrease, so that the voltage of
the first end z1 of the capacitor is reduced, and in turn, the gate
voltage V5, input into the drive transistor T0 is reduced. This
brings about the fact that a touch detection signal that is
output finally from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the sixth switch tran-
sistor T6 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the pho-
todiode, and the greater the light intensity is, the smaller the
touch detection signal is.

[0065] At the data write stage of the display period (i.e. the
first stage of the display period), V., of the scan signal
terminal and V,,,, of the data signal terminal are of high
level, Vi, 550, ©f the light-emitting control signal terminal
and V,,.., of touch control signal terminal are of low level,
and at this time, the first switch transistor T1 and the second
switch transistor T2 are in a turned-on state, the fourth switch
transistor T4, the fifth switch transistor T5, the sixth switch
transistor T6 and the seventh switch transistor T7 are in a
turned-on state, and the OLED is in a short-circuited state.
The voltage V,, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V5, the voltage value
V, of the second end z2 of the capacitor Cst turns to be
V pp=V 43, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end z2 of the
capacitor Cst. A data signal V,,, ., output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V., the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor T0 is also V ,,,,, (i.e., data write of V., is realized
at the gate electrode of the drive transistor).

[0066] At the light-emitting drive stage of the display
period (i.e. the second stage of the display period), V,.ission
of the light-emitting control signal terminal is of high level,
Vgown Of the scan signal terminal, V,,,,, of the data signal
terminal and Vg, . of the touch control signal terminal are of
low level, and at this time, the first switch transistor T1, the
second switch transistor T2, the sixth switch transistor T6 and
the seventh switch transistor T7 are in a turned-off state, the
fourth switch transistor T4 and the fifth switch transistor T5
are in a turned-on state, the third switch transistor T3 is
reversely cut off, and an OLED is turned on. The voltage V
of the first reference signal terminal Refl directly flows into a
second end 72 of the capacitor Cst via the fourth switch
transistor T4, so that the voltage value V , of the second end 72
of the capacitor Cst turns into V.. Based on the principle of
conservation of capacitance charge, the voltage of the first
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end 71 of the capacitor turns into Vp+(V =V oo+ Vi)
=V paat Vs accordingly. At this time, the voltage between
the source electrode and the gate electrode of the drive tran-
sistor TOis V, =V =V =V 4V 4.

[0067] 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,=K(V, gS—Vth)zzK
(V pueatV 3=V o)» Where K is a structural parameter, and
the value is relatively stable for same structures, so that it can
be regarded as a constant. Upon the threshold voltage V,, ; of
the third switch transistor T3 being equal to the threshold
voltage V,,, of the drive transistor T0, the on-state current i,
of the drive transistor T0 1,~K(V -V ;,*=K(V 5V 3=
V0 =(V pora)’. As can be seen from derivation of the for-
mula, upon the threshold voltage V,,; of the third switch
transistor T3 being equal to the threshold voltage V ,,, of the
drive transistor T0, a drain current flowing through the drive
transistor T0 is merely related to the voltage V,,,, of a data
signal, and has nothing to do with the threshold voltage V,, of
the drive transistor T0. Therefore, upon the on-state current i,
being useful for driving the luminous device D1 to give off
light, the current flowing through each OLED is relatively
uniform. There is no such case where the threshold voltage
V ;, 1s non-uniform owing to the rear panel manufacturing
process and this leads to the fact that the current flowing
through each OLED differs, resulting in uneven brightness.

EXAMPLE 2

[0068] As illustrated in FIG. 24, the drive transistor T0 and
the third transistor T3 are N-type transistors, and the first
switch transistor T1, the second switch transistor T2, the
fourth switch transistor T4, the fifth switch transistor T5, the
sixth switch transistor T6 and the seventh switch transistor T7
are P-type transistors.

[0069] Inacircuitsignal timing diagram ofthe pixel circuit,
as illustrated in FIG. 3, the voltage of the scan signal termi-
nal is V_,,, the voltage of the data signal terminal is V,,,,,
the voltage of the light-emitting control signal terminal is
V gouissions e voltage of the touch control signal terminal is
V sor0er the voltage of the second terminal of the capacitor is
V ,, the voltage of the gate electrode of the drive transistor T0
in the case of a touch is Vg, and the voltage of the gate
electrode of the drive transistor T0 in the case of no touch is

Vo
[0070] The working principle of the pixel circuit is as fol-
lows.

[0071] At the data write stage of the touch period (i.e., the

first stage of the touch period), V., of the scan signal ter-
minal is of low level, V,,,,, of the data signal terminal, V., -
sion 0 the light-emitting control signal terminal and Vg, ., of
touch control signal terminal are of high level, and at this
time, the first switch transistor T1 and the second switch
transistor T2 are in a turned-on state, the fourth switch tran-
sistor T4, the fifth switch transistor T5, the sixth switch tran-
sistor T6 and the seventh switch transistor T7 are in a turned-
off state, and the OLED is in a short-circuited state. The
voltage V,,, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold

voltage of the third switch transistor is V 3, the voltage value
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V, of the second end 72 of the capacitor Cst turns to be
V pp—V 3, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end 72 of the
capacitor Cst. A data signal V, , output from the data signal
terminal Data is written into the first end 71 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V., the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor T0 is also V ,,, (i.e., data write of V, ,, is realized
at the gate electrode of the drive transistor). In this case, the
photodiode PD is in a turned-off state, and whether there is a
touch on the photodiode PD or not, gate voltages of the drive
transistor T0 are both V..

[0072] At the touch detection stage of the touch period (i.e.
the second stage of the touch period), Vg, ., of the touch
control signal terminal and V,,,,, of the data signal terminal
areoflowlevel,V,__ ofthescan signal terminaland V. .
of the light-emitting control signal terminal are of high level,
and at this time, the first switch transistor T1, the second
switch transistor T2, the fourth switch transistor T4, and the
fifth switch transistor T5 are in a turned-off state, the sixth
switch transistor T6 and the seventh switch transistor T7 are
in a turned-on state, and the photodiode PD and the second
reference signal terminal Ref2 are in a state of being con-
nected. An OLED is turned on transiently, the voltage V,, of
the first reference signal terminal Refl flows into gate and
source electrodes of the third switch transistor T3 via the
OLED, to let the third transistor T3 be in a turned-on state, and
1s output from the drain electrode of the third transistor T3 to
the second end z2 of the capacitor Cst, so that the voltage
value V , of the second end z2 of the capacitor Cst turns into
Vo= Via=V 0, Wherein, V,,  is the threshold voltage of the
luminous device OLED. Based on the principle of conserva-
tion of capacitance charge, the voltage of the first end 71 of the
capacitor turns into Vpyp=V,3=Vot(Vpua=VoptVis)
=V puia=V ano accordingly. At this time, if the photodiode PD
1s not irradiated with light (namely, there is a touch on it), that
is, the photodiode PD is in a turned-off state, then the gate
voltage Vg, of the drive transistor T0 is maintained at V,,,,—
V 0- If the photodiode PD is irradiated with light (namely,
there is no touch on it), then photo-induced carriers are gen-
erated by the photodiode as a result of photoelectric effect so
as to form a photocurrent. The photocurrent will cause the
charge on the capacitor Cst to decrease, so that the voltage of
the first end z1 of the capacitor is reduced, and in turn, the gate
voltage V, input into the drive transistor TO is reduced. This
brings about the fact that a touch detection signal that is
output finally from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the sixth switch tran-
sistor T6 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the pho-
todiode, and the greater the light intensity is, the smaller the
touch detection signal is.

[0073] At the data write stage of the display period (i.e. the
first stage of the display period), V,_,, of the scan signal
terminal is of low level, V, . of the data signal terminal,
V gission OF the light-emitting control signal terminal and
V ¢700: 0f touch control signal terminal are of high level, and
at this time, the first switch transistor T1 and the second
switch transistor T2 are in a turned-on state, the fourth switch
transistor T4, the fifth switch transistor T5, the sixth switch

transistor T6 and the seventh switch transistor T7 are in a
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turned-on state, and the OLED is in a short-circuited state.
The voltage V, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V5, the voltage value
V, of the second end 72 of the capacitor Cst turns to be
V pp— V3, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end 72 of the
capacitor Cst. A data signal V,,,, output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V., the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor TO is also V ,,, (i.e., data write of V,,,,, is realized
at the gate electrode of the drive transistor).

[0074] At the light-emitting drive stage of the display
period (i.e. the second stage of the display period), V,,;csion
of the light-emitting control signal terminal and V ,,,,, of the
data signal terminal are of low level, Vg, of the scan signal
terminal and V ., of the touch control signal terminal are of
high level, and at this time, the first switch transistor T1, the
second switch transistor T2, the sixth switch transistor T6 and
the seventh switch transistor T7 are in a turned-off state, the
fourth switch transistor T4 and the fifth switch transistor TS
are in a turned-on state, the third switch transistor T3 is
reversely cut off, and an OLED is turned on. The voltage V
of the first reference signal terminal Ref1 directly flows into a
second end 72 of the capacitor Cst via the fourth switch
transistor T4, so that the voltage value V , of the second end 72
of the capacitor Cst turns into V .. Based on the principle of
conservation of capacitance charge, the voltage of the first
end z1 of the capacitor turns into Vyp+(Vpe=Vopt Vi)
=V put Vs accordingly. At this time, the voltage between
the source electrode and the gate electrode of the drive tran-
sistor T0is V=V =V =V +V 5.

[0075] 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: i, =K(V, gS—Vth)EZK
(V pueatY 3=V o)’ where K is a structural parameter, and
the value is relatively stable for same structures, so that it can
be regarded as a constant. Upon the threshold voltage V ;.5 of
the third switch transistor T3 being equal to the threshold
voltage V,,, of the drive transistor T0, the on-state current i,
of the drive transistor T0 i,~K(V,~V ,)><K(V,,+V s~
V0 =(Vpara)’. As can be seen from derivation of the for-
mula, upon the threshold voltage V,,; of the third switch
transistor T3 being equal to the threshold voltage V,,,, of the
drive transistor T0, a drain current flowing through the drive
transistor T0 is merely related to the voltage V,,,,, of a data
signal, and has nothing to do with the threshold voltage V,, of
the drive transistor T0. Therefore, upon the on-state current i,
being useful for driving the luminous device D1 to give off
light, the current flowing through each OLED is relatively
uniform. There is no such case where the threshold voltage
V,, 1s non-uniform owing to the rear panel manufacturing
process and this leads to the fact that the current flowing
through each OLED differs, resulting in uneven brightness.

ata
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EXAMPLE 3

[0076] As illustrated in FIG. 2¢, the drive transistor T0 and
the third transistor T3 are P-type transistors, and the first
switch transistor T1, the second switch transistor T2, the
fourth switch transistor T4, the fifth switch transistor T5, the
sixth switch transistor T6 and the seventh switch transistor T7
are P-type transistors as well.

[0077] Inacircuitsignal timing diagram ofthe pixel circuit,
as illustrated in FIG. 3¢, the voltage of the scan signal termi-
nal is V., the voltage of the data signal terminal is V,,,,,
the voltage of the light-emitting control signal terminal is
V guissions the voltage of the touch control signal terminal is
Vg 7eer the voltage of the second terminal of the capacitor 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
Vg,
[0078] The working principle of the pixel circuit is as fol-
lows.

[0079] At the data write stage of the touch period (i.e. the
first stage of the touch period), V,,, of the scan signal ter-
minal and V,,,, of the data signal terminal are of low level,
V gission Of the light-emitting control signal terminal and
V g0 OF touch control signal terminal are of high level, and
at this time, the first switch transistor T1 and the second
switch transistor T2 are in a turned-on state, the fourth switch
transistor T4, the fifth switch transistor T5, the sixth switch
transistor T6 and the seventh switch transistor T7 are in a
turned-off state, and the OLED is in a short-circuited state.
The voltage V5, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V 3, the voltage value
V, of the second end z2 of the capacitor Cst turns to be
V pp—V 43, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end 72 of the
capacitor Cst. A data signal V,,,, output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V,,,,, the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor TO is also V., (i.e., data write of V,,,, is realized
at the gate electrode of the drive transistor). In this case, the
photodiode PD is in a turned-off state, and whether there is a
touch on the photodiode PD or not, gate voltages of the drive
transistor T0 are both V.
[0080] At the touch detection stage of the touch period (i.e.
the second stage of the touch period), V.., of the touch
control signal terminal is of low level, Vg, of the scan signal
terminal, V,,,,, of the datasignal terminal, and V... .., 0f the
light-emitting control signal terminal are of high level, and at
this time, the first switch transistor T1, the second switch
transistor T2, the fourth switch transistor T4, and the fifth
switch transistor T5 are in a turned-off state, the sixth switch
transistor T6 and the seventh switch transistor T7 are in a
turned-on state, and the photodiode PD and the second refer-
ence signal terminal Ref2 are in a state of being connected. An
OLED is turned on transiently, the voltage V,, of the first
reference signal terminal Refl flows into gate and source
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electrodes of the third switch transistor T3 via the OLED, to
let the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, so that the voltage value
V, ofthe second end 72 of the capacitor Cst turns into V5=
V 5=V 0, Wherein, Vo is the threshold voltage of the lumi-
nous device OLED. Based on the principle of conservation of
capacitance charge, the voltage of the first end z1 of the
capacitor turns into V,,-V,.-V,o+(Vpy,.. =Vt V,s)
=V paa—V o accordingly. At this time, if the photodiode PD
is not irradiated with light (namely, there is a touch on it), that
is, the photodiode PD is in a turned-off state, then the gate
voltage V ;, of the drive transistor T0 is maintained at V-
V0~ If the photodiode PD is irradiated with light (namely,
there is no touch on it), then photo-induced carriers are gen-
erated by the photodiode as a result of photoelectric effect so
as to form a photocurrent. The photocurrent will cause the
charge on the capacitor Cst to increase, so that the voltage of
the first end z1 of the capacitor is raised, and in turn, the gate
voltage V, input into the drive transistor T0 is raised. This
brings about the fact that a touch detection signal that is
output finally from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the sixth switch tran-
sistor T6 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the pho-
todiode, and the greater the light intensity is, the smaller the
touch detection signal is.

[0081] At the data write stage of the display period (i.e. the
first stage of the display period), V., of the scan signal
terminal and V,,, of the data signal terminal are of low level,
V poission ©F the light-emitting control signal terminal and
V gereee OF touch control signal terminal are of high level, and
at this time, the first switch transistor T1 and the second
switch transistor T2 are in a turned-on state, the fourth switch
transistor T4, the fifth switch transistor T5, the sixth switch
transistor T6 and the seventh switch transistor T7 are in a
turned-on state, and the OLED is in a short-circuited state.
The voltage V ,,, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V3, the voltage value
V, of the second end z2 of the capacitor Cst turns to be
V pp=V 4,3, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end z2 of the
capacitor Cst. A data signal V, . output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V,_, , the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor TO is also V ,,,, (i.e., data write of V., is realized
at the gate electrode of the drive transistor).

[0082] At the light-emitting drive stage of the display
period (i.e. the second stage of the display period), Vi .. .i0n
of the light-emitting control signal terminal is of low level,
V..., of the scan signal terminal, V,, of the data signal
terminal, and V., of the touch control signal terminal are of
high level, and at this time, the first switch transistor T1, the
second switch transistor T2, the sixth switch transistor T6 and

the seventh switch transistor T7 are in a turned-off state, the
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fourth switch transistor T4 and the fifth switch transistor TS
are in a turned-on state, the third switch transistor T3 is
reversely cut off, and an OLED is turned on. The voltage V
of the first reference signal terminal Refl directly flows into a
second end 72 of the capacitor Cst via the fourth switch
transistor T4, so that the voltage value V , of the second end z2
of the capacitor Cst turns into V5. Based on the principle of
conservation of capacitance charge, the voltage of the first
end 71 of the capacitor turns into V,,+(V,_,.~V 50+ V)
=V paat Vs accordingly. At this time, the voltage between
the source electrode and the gate electrode of the drive tran-
sistor T0 is V, =V =V =V 4V 5.

[0083] 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: i,~K(V,-V,)*=K
(V paeatV 3= Vi), Where K is a structural parameter, and
the value is relatively stable for same structures, so that it can
be regarded as a constant. Upon the threshold voltage V ;5 of
the third switch transistor T3 being equal to the threshold
voltage V ,,, of the drive transistor T0, the on-state current i,
of the drive transistor T0 i, ~K(V, -V, *<K(V 4V 35—
V50 =(V 5. ) As can be seen from derivation of the for-
mula, upon the threshold voltage V,,; of the third switch
transistor T3 being equal to the threshold voltage V ,, of the
drive transistor T0, a drain current flowing through the drive
transistor T0 is merely related to the voltage V,,,, of a data
signal, and has nothing to do with the threshold voltage V,, of
the drive transistor T0. Therefore, upon the on-state current i,
being used for driving the luminous device D1 to give off
light, the current flowing through each OLED is relatively
uniform. There is no such case where the threshold voltage
V,,, 1s non-uniform owing to the rear panel manufacturing
process and this leads to the fact that the current flowing
through each OLED differs, resulting in uneven brightness.

EXAMPLE 4

[0084] As illustrated in F1G. 24, the drive transistor T0 and
the third transistor T3 are P-type transistors, and the first
switch transistor T1, the second switch transistor T2, the
fourth switch transistor T4, the fifth switch transistor T5, the
sixth switch transistor T6 and the seventh switch transistor T7
are N-type transistors.

[0085] Inacircuitsignal timing diagram ofthe pixel circuit,
as illustrated in FIG. 3d, the voltage of the scan signal termi-
nalis V. the voltage of the data signal terminal is V,, .,
the voltage of the light-emitting control signal terminal is
V oissions 1€ Voltage of the touch control signal terminal is
Vgueer the voltage of the second terminal of the capacitor 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

Vi,
[0086] The working principle of the pixel circuit is as fol-
lows.
[0087] At the data write stage of the touch period (i.e. the

first stage of the touch period), Vg, of the scan signal ter-
minal is of high level, V. of the data signal terminal,
V gission OF the light-emitting control signal terminal and
V o700 0f touch control signal terminal are of low level, and at
this time, the first switch transistor T1 and the second switch
transistor T2 are in a turned-on state, the fourth switch tran-
sistor T4, the fifth switch transistor T5, the sixth switch tran-

sistor T6 and the seventh switch transistor T7 are in a turned-
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off state, and the OLED is in a short-circuited state. The
voltage V,,, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V5, the voltage value
V, of the second end 72 of the capacitor Cst turns to be
V pp— V3, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end 72 of the
capacitor Cst. A data signal V,,,, output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode. namely, the voltage of the first end z1
of the capacitor Cst turns into V., the first end z1 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor T0 is also V. (i.e., data write of V, ., is realized
at the gate electrode of the drive transistor). In this case, the
photodiode PD is in a turned-off state, and whether there is a
touch on the photodiode PD or not, gate voltages of the drive
transistor T0 are both V...

[0088] At the touch detection stage of the touch period (i.e.
the second stage of the touch period), V..., of the touch
control signal terminal and V. of the data signal terminal
are of high level, V__ . of the scan signal terminal and V
sion of the light-emitting control signal terminal are of low
level, and at this time, the first switch transistor T1, the second
switch transistor T2, the fourth switch transistor T4, and the
fifth switch transistor T5 are in a turned-off state, the sixth
switch transistor T6 and the seventh switch transistor T7 are
in a turned-on state, and the photodiode PD and the second
reference signal terminal Ref2 are in a state of being con-
nected. An OLED is turned on transiently, the voltage V 5, of
the first reference signal terminal Refl flows into gate and
source electrodes of the third switch transistor T3 via the
OLED, to let the third transistor T3 be in a turned-on state, and
is output from the drain electrode of the third transistor T3 to
the second end 72 of the capacitor Cst, so that the voltage
value V , of the second end 72 of the capacitor Cst turns into
Vop=V3=V 0, Wherein, V,, is the threshold voltage of the
luminous device OLED. Based on the principle of conserva-
tion of capacitance charge, the voltage of the first end z1 of the
capacitor turns into Vpp-V,3-Vuot(Vp.~VoptVias)
=V paa—V o accordingly. At this time, if the photodiode PD
is not irradiated with light (namely, there is a touch on it), that
is, the photodiode PD is in a turned-off state, then the gate
voltage V, of the drive transistor T0 is maintained at V,,,,~
V ;- 1f the photodiode PD is irradiated with light (namely,
there is no touch on it), then photo-induced carriers are gen-
erated by the photodiode as a result of photoelectric effect so
as to form a photocurrent. The photocurrent will cause the
charge on the capacitor Cst to increase, so that the voltage of
the first end z1 of the capacitor is raised, and in turn, the gate
voltage V, input into the drive transistor T0 is raised. This
brings about the fact that a touch detection signal that is
output finally from the drive transistor T0 and is output to a
touch signal read terminal Sensor via the sixth switch tran-
sistor T6 becomes small. The size of the touch detection
signal is related to the light intensity irradiated onto the pho-
todiode, and the greater the light intensity is, the smaller the
touch detection signal is.
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[0089] At the data write stage of the display period (i.e. the
first stage of the display period), V., of the scan signal
terminal is of high level, V,,, of the data signal terminal,
V pission OF the light-emitting control signal terminal and
V gueer OF touch control signal terminal are low-level signals,
and at this time, the first switch transistor T1 and the second
switch transistor T2 are in a turned-on state, the fourth switch
transistor T4, the fifth switch transistor T5, the sixth switch
transistor T6 and the seventh switch transistor T7 are in a
turned-on state, and the OLED is in a short-circuited state.
The voltage V ,, of the first reference signal terminal Refl
directly flows into gate and source electrodes of the third
switch transistor T3 via the second switch transistor T2, to let
the third transistor T3 be in a turned-on state, and is output
from the drain electrode of the third transistor T3 to the
second end 72 of the capacitor Cst, wherein, the threshold
voltage of the third switch transistor is V 3, the voltage value
V, of the second end z2 of the capacitor Cst turns to be
V pp—V 4,3, thereby achieving storage of the threshold voltage
of the third switch transistor at the second end 72 of the
capacitor Cst. A data signal V,,,, output from the data signal
terminal Data is written into the first end z1 of the capacitor
connected to a drain electrode of the first switch transistor T1
via its source electrode, namely, the voltage of the first end z1
of the capacitor Cst turns into V,, , the first end 71 of the
capacitor Cst is connected to a gate electrode of the drive
transistor T0, and the voltage of the gate electrode of the drive
transistor T0 is also V ,,,,, (i.e., data write of V., is realized
at the gate electrode of the drive transistor).

[0090] At the light-emitting drive stage of the display
period (i.e. the second stage of the display period), V,.; cion
of the light-emitting control signal terminal and V ,,,, of the
data signal terminal are of high level, V. of the scan signal
terminal and V.., of the touch control signal terminal are of
low level, and at this time, the first switch transistor T1, the
second switch transistor T2, the sixth switch transistor T6 and
the seventh switch transistor T7 are in a turned-off state, the
fourth switch transistor T4 and the fifth switch transistor TS
are in a turned-on state, the third switch transistor T3 is
reversely cut off, and an OLED is turned on. The voltage V,,
of the first reference signal terminal Refl directly flows into a
second end 72 of the capacitor Cst via the fourth switch
transistor T4, so that the voltage value V , of the second end z2
of the capacitor Cst turns into V.. Based on the principle of
conservation of capacitance charge, the voltage of the first
end 71 of the capacitor turns into Vp+(V =V or+ Vi)
=V puat Vs accordingly. At this time, the voltage between
the source electrode and the gate electrode of the drive tran-
sistor T0 is V=V ,=V =V, .4V 5.

[0091] 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~K(V gS—Vth)zzK
(V patatV 3= Vao), where K is a structural parameter, and
the value is relatively stable for same structures, so that it can
be regarded as a constant. Upon the threshold voltage V ;5 of
the third switch transistor T3 being equal to the threshold
voltage V,,, of the drive transistor T0, the on-state current 1,
of the drive transistor T0 i d:K(VgS—Vth)zzK(VDam+V,h3—
V0=V 5. ) As can be seen from derivation of the for-
mula, upon the threshold voltage V,,; of the third switch
transistor T3 being equal to the threshold voltage V,;,, of the
drive transistor T0, a drain current flowing through the drive
transistor T0 is merely related to the voltage V,,,,,, of a data

ata



US 2015/0317932 Al

signal, and has nothing to do with the threshold voltage V , of
the drive transistor T0. Therefore, upon the on-state current i,
being used for driving the luminous device D1 to give off
light, the current flowing through each OLED is relatively
uniform. There is no such case where the threshold voltage
V;, 1s non-uniform owing to the rear panel manufacturing
process and this leads to the fact that the current flowing
through each OLED differs, resulting in uneven brightness.

[0092] Based on the same inventive concept, an organic
electroluminescent display panel including the above pixel
circuit provided by embodiments of the invention is further
provided by an embodiment of the invention. As the principle
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 electrolumines-
cent display panel, reference can be made to implementation
of the pixel circuit, and repetitions are omitted here.

[0093] Based on the same inventive concept, a display
device including the above organic electroluminescent dis-
play 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 inven-
tion, either,

[0094] With respect to a pixel circuit, an organic electrolu-
minescent display panel and a display device provided by
embodiments of the invention, the pixel circuit includes a
luminous device, a photosensitive device, a drive control
sub-module, a data write sub-module, a light-emitting control
sub-module and a touch detection sub-module; wherein, a
first terminal of the drive control sub-module is connected to
a first terminal of the data write sub-module and a first termi-
nal of the photosensitive device, respectively, its second ter-
minal is connected to a first terminal of the luminous device
and a second terminal of the data write sub-module, its third
terminal is connected to a first terminal of the light-emitting
control sub-module and a first terminal of the touch detection
sub-module; a third terminal of the data write sub-module is
connected to a data signal terminal, its fourth terminal is
connected to a scan signal terminal, its fifth terminal is con-
nected to a first reference signal terminal, a second terminal of
the luminous device and a second terminal of the light-emit-
ting control sub-module, respectively, its sixth terminal is
connected to a third terminal of the light-emitting control
sub-module; a fourth terminal of the light-emitting control
sub-module is connected to a second reference signal termi-
nal and a second terminal of the touch detection sub-module,
respectively, a fifth terminal of the light-emitting control sub-
module is connected to a light-emitting control signal termi-
nal; a third terminal of the touch detection sub-module is
connected to a second terminal of the photosensitive device,
a fourth terminal of the touch detection sub-module is con-
nected to a touch signal read terminal, a fifth terminal of the
touch detection sub-module is connected to a touch control
signal terminal. Upon the data write sub-module being turned
on, a data signal at the data signal terminal is transmitted to
the drive control sub-module by the data write sub-module;
upon the light-emitting control sub-module being turned on,
the light-emitting control sub-module controls the drive con-
trol sub-module to drive the luminous device to give off light,
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s0 as to achieve a display function; and upon the touch detec-
tion sub-module being turned on, the touch detection sub-
module controls output of a touch detection signal from the
drive control sub-module to a touch signal read terminal. The
touch detection signal is decreased as the light intensity irra-
diated onto the photosensitive device is increased, so as to
achieve a touch detecting function. Touch and display func-
tions are integrated in the pixel circuit, so that the production
cost involved in arranging a display drive circuit and a touch
circuit separately can be saved, and thickness of the display
panel can be thinned as well.

[0095] Descriptions made above are merely exemplary
embodiments of the invention, but are not used to limit the
protection scope of the invention. The protection scope of the
invention is determined by attached claims.

[0096] This application claims the benefit of priority from
Chinese patent application No. 201310329790.3, filed on Jul.
31, 2013, the disclosure of which is incorporated herein in its
entirety by reference as a part of the present application.

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

a first terminal of the drive control sub-module is con-
nected to a first terminal of the data write sub-module
and a first terminal of the photosensitive device, respec-
tively, a second terminal of the drive control sub-module
is connected to a first terminal of the luminous device
and a second terminal of the data write sub-module,
respectively, a third terminal of the drive control sub-
module is connected to a first terminal of the light-
emitting control sub-module and a first terminal of the
touch detection sub-module, respectively;

a third terminal of the data write sub-module is connected
to a data signal terminal, a fourth terminal of the data
write sub-module is connected to a scan signal terminal,
a fifth terminal of the data write sub-module is con-
nected to a first reference signal terminal, a second ter-
minal of the luminous device and a second terminal of
the light-emitting control sub-module, respectively, a
sixth terminal of the data write sub-module is connected
to a third terminal of the light-emitting control sub-
module; under the control of the scan signal terminal, a
data signal at the data signal terminal is transmitted to
the drive control sub-module by the data write sub-
module;

a fourth terminal of the light-emitting control sub-module
is connected to a second reference signal terminal and a
second terminal of the touch detection sub-module,
respectively, a fifth terminal of the light-emitting control
sub-module is connected to a light-emitting control sig-
nal terminal; under the control of the light-emitting con-
trol signal terminal, the light-emitting control sub-mod-
ule controls the drive control sub-module to drive the
luminous device to give off light;

a third terminal of the touch detection sub-module is con-
nected to a second terminal of the photosensitive device,
a fourth terminal of the touch detection sub-module is
connected to a touch signal read terminal, a fifth terminal
of the touch detection sub-module is connected to a
touch control signal 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 control sub-module to the touch signal read
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terminal, the touch detection signal being decreased as
the light intensity irradiated onto the photosensitive
device is increased.

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

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

the first terminal, the second terminal and the fifth terminal
of the light-emitting control sub-module are signal input
terminals, the third terminal and the fourth terminal of
the light-emitting control sub-module are signal output
terminals;

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

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

4. The pixel circuit according to claim 3, wherein, the data
write sub-module comprises a first switch transistor, a second
switch transistor, a third switch transistor and a capacitor;
wherein,

a gate electrode of the first switch transistor is connected to
the scan signal terminal, a source electrode of the first
switch transistor is connected to the data signal terminal,
and a drain electrode of the first switch transistor is
connected to the gate electrode of the drive transistor and
a first end of the capacitor, respectively;

agate electrode of the second switch transistor is connected
to the scan signal terminal, a source electrode of the
second switch transistor is connected to the first refer-
ence signal terminal, and a drain electrode ofthe second
switch transistor is connected to the drain electrode of
the drive transistor;

upon the third switch transistor being a N-type transistor, a
gate electrode and a source electrode of the third switch
transistor are connected to the drain electrode of the
drive transistor, respectively, a drain electrode of the
third switch transistor is connected to a second end of the
capacitor; upon the third switch transistor being a P-type
transistor, a gate electrode and a source electrode of the
third switch transistor are connected to the second end of
the capacitor, respectively, and a drain electrode of the
third switch transistor is connected to the drain electrode
of the drive transistor.

5. The pixel circuit according to claim 4, wherein, the third
switch transistor and the drive transistor have a same thresh-
old voltage.

6. The pixel circuit according to claim 5, wherein, the
photosensitive device is a photodiode;
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upon the third switch transistor and the drive transistor
being N-type transistors, a cathode of the photodiode is
connected to the gate electrode of the drive transistor;
upon the third switch transistor and the drive transistor
being P-type transistors, an anode of the photodiode is
connected to the gate electrode of the drive transistor.

7. The pixel circuit according to claim 5, wherein, the
light-emitting control sub-module comprises a fourth switch
transistor and a fifth switch transistor,

a gate electrode of the fourth switch transistor is connected
to the light-emitting control signal terminal, a source
electrode of the fourth switch transistor is connected to
the first reference signal terminal, a drain electrode of
the fourth switch transistor is connected to the second
end of the capacitor;

a gate electrode of the fifth switch transistor is connected to
the light-emitting control signal terminal, a source elec-
trode of the fifth switch transistor is connected to the
source electrode of the drive transistor, a drain electrode
of the fifth switch transistor is connected to the second
reference signal terminal.

8. The pixel circuit according to claim 7, wherein, the
fourth switch transistor and the fifth switch transistor are
N-type transistors; or, the fourth switch transistor and the fifth
switch transistor are P-type transistors.

9. The pixel circuit according to claim 1, wherein, the touch
detection sub-module comprises a sixth switch transistor and
a seventh switch transistor;

a gate electrode of the sixth switch transistor is connected
to the touch control signal terminal, a source electrode of
the sixth switch transistor is connected to the third ter-
minal of the drive control sub-module, a drain electrode
of the sixth switch transistor is connected to the touch
signal read terminal,

a gate electrode of the seventh switch transistor is con-
nected to the touch control signal terminal, a source
electrode of the seventh switch transistor is connected to
a second end of the photosensitive device, a drain elec-
trode of the seventh switch transistor is connected to the
second reference signal terminal.

10. The pixel circuit according to claim 9, wherein, the
sixth switch transistor and the seventh switch transistor are
N-type transistors; or, the sixth switch transistor and the sev-
enth switch transistor are P-type transistors.

11. An organic electroluminescent display panel, compris-
ing the pixel circuit according to claim 1.

12. A display device, comprising the organic electrolumi-
nescent display panel according to claim 11.

13. The pixel circuit according to claim 2, wherein, the
touch detection sub-module comprises a sixth switch transis-
tor and a seventh switch transistor;

a gate electrode of the sixth switch transistor is connected
to the touch control signal terminal, a source electrode of
the sixth switch transistor is connected to the third ter-
minal of the drive control sub-module, a drain electrode
of the sixth switch transistor is connected to the touch
signal read terminal;

a gate electrode of the seventh switch transistor is con-
nected to the touch control signal terminal, a source
electrode of the seventh switch transistor is connected to
a second end of the photosensitive device, a drain elec-
trode of the seventh switch transistor is connected to the
second reference signal terminal.
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14. The pixel circuit according to claim 3, wherein, the
touch detection sub-module comprises a sixth switch transis-
tor and a seventh switch transistor;

a gate electrode of the sixth switch transistor is connected
to the touch control signal terminal, a source electrode of
the sixth switch transistor is connected to the third ter-
minal of the drive control sub-module, a drain electrode
of the sixth switch transistor is connected to the touch
signal read terminal;

a gate electrode of the seventh switch transistor is con-
nected to the touch control signal terminal, a source
electrode of the seventh switch transistor is connected to
a second end of the photosensitive device, a drain elec-
trode of the seventh switch transistor is connected to the
second reference signal terminal.

15. The pixel circuit according to claim 4, wherein, the
touch detection sub-module comprises a sixth switch transis-
tor and a seventh switch transistor;

a gate electrode of the sixth switch transistor is connected
to the touch control signal terminal, a source electrode of
the sixth switch transistor is connected to the third ter-
minal of the drive control sub-module, a drain electrode
of the sixth switch transistor is connected to the touch
signal read terminal;

a gate electrode of the seventh switch transistor is con-
nected to the touch control signal terminal, a source
electrode of the seventh switch transistor is connected to
a second end of the photosensitive device, a drain elec-
trode of the seventh switch transistor is connected to the
second reference signal terminal.

16. The organic electroluminescent display panel accord-
ing to claim 11, wherein, the first terminal and the second
terminal of the drive control sub-module are signal input
terminals, the third terminal of the drive control sub-module
is a signal output terminal;

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

the first terminal, the second terminal and the fifth terminal
of the light-emitting control sub-module are signal input
terminals, the third terminal and the fourth terminal of
the light-emitting control sub-module are signal output
terminals;

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

17. The organic electroluminescent display panel accord-
ing to claim 16, wherein, the drive control sub-module com-
prises a drive transistor, a gate electrode of which is the first
terminal of the drive control sub-module, a drain electrode of
which is the second terminal of the drive control sub-module,
and a source electrode of which is the third terminal of the
drive control sub-module.

18. The organic electroluminescent display panel accord-
ing to claim 17, wherein, the data write sub-module com-
prises a first switch transistor, a second switch transistor, a
third switch transistor and a capacitor; wherein,

a gate electrode of the first switch transistor is connected to
the scan signal terminal, a source electrode of the first
switch transistor is connected to the data signal terminal,
and a drain electrode of the first switch transistor is
connected to the gate electrode of the drive transistor and
a first end of the capacitor, respectively;

a gateelectrode ofthe second switch transistor is connected
to the scan signal terminal, a source electrode of the
second switch transistor is connected to the first refer-
ence signal terminal, and a drain electrode of the second
switch transistor is connected to the drain electrode of
the drive transistor;

upon the third switch transistor being a N-type transistor, a
gate electrode and a source electrode of the third switch
transistor are connected to the drain electrode of the
drive transistor, respectively, a drain electrode of the
third switch transistor is connected to a second end of the
capacitor; upon the third switch transistor being a P-type
transistor, a gate electrode and a source electrode of the
third switch transistor are connected to the second end of
the capacitor, respectively, and a drain electrode of the
third switch transistor is connected to the drain electrode
of the drive transistor.

19. The organic electroluminescent display panel accord-
ing to claim 18, wherein, the third switch transistor and the
drive transistor have a same threshold voltage.

20. The organic electroluminescent display panel accord-
ing to claim 19, wherein, the photosensitive device is a pho-
todiode;

upon the third switch transistor and the drive transistor
being N-type transistors, a cathode of the photodiode is
connected to the gate electrode of the drive transistor;
upon the third switch transistor and the drive transistor
being P-type transistors, an anode of the photodiode is
connected to the gate electrode of the drive transistor.

* #* * #* #®
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