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In a first phase, the driving chip outputs a reset control signal to the reset control signal
terminal, a light-emitting control signal to the light-emitting control signal terminal, a first
reference signal to the first reference signal terminal, a second reference signal to the second -8101
reference signal terminal, and a third reference signal to the cathode layer of the organic light- /
emitting device through a corresponding wire, such that the light-emitting control module
supplies the signal of the first reference signal terminal to the second node, the reset control
module causes the first node to be in conduction with the second node, and the voltage
stabilizing module begins to charge

A,
In a second phase, the driving chip outputs a write control signal to the write control signal )
terminal, a data signal to the data signal terminal, the first reference signal to the first e 5102
reference signal terminal, the second reference signal to the second reference signal terminal, [
and the third reference signal to the cathode layer of the organic light-emitting device in the
sub-pixels through the corresponding wire, such that the write compensating module supplies
the signal of the data signal terminal and a preset threshold voltage to the first node, and the
voltage stabilizing module begins to discharge, wherein the preset threshold voltage has a
difference from a threshold voltage of the driving control module in a preset range

A

In a third phase, the driving chip outputs a light-emitting control signal to the light-emitting
control signal terminal, the first reference signal to the first reference signal terminal, the

second reference signal to the second reference signal terminal, and the third reference signal

to the cathode layer of the organic light-emitting device in the sub-pixels through the

corresponding wire, such that the first node is in a floating state, the voltage stabilizing

module maintains a voltage difference thereacross at a fixed value, and the driving control

module, under joint control of the voltage stabilizing module and the light-emitting control

module, drives the organic light-emitting device to emit light

A
In a fourth phase, the driving chip outputs to the signal terminals of the sub-pixel circuit and
to the cathode laycr of each sub-pixel group a superposition of respective signals output to the S104
signal terminals and the cathode layer in the third phase with a same touch scanning signal
such that the modules of the sub-pixel circuit operate in the same state as in the third phase,
and the driving chip determines a touch position by detecting a change in capacitance of the
cathode layer via the corresponding wire

Fig. 10
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IN-CELL TOUCH SCREEN PANEL, DRIVING
METHOD THEREOF, AND DISPLAY DEVICE

CROSS-REFERENCE TO THE RELATED
APPLICATIONS

[0001] The present application is the U.S. national phase
entry of PCT/CN2015/092298, with an international filing
date of Oct. 20, 2015, which claims the benefit of Chinese
Patent Application No. 201510349957.1, filed on Jun. 23,
2015, the entire disclosures of which are incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of touch
display technologies, and particularly to an in-cell touch
screen panel, a driving method thereof, and a display device.

BACKGROUND

[0003] With swift development of the display technolo-
gies, touch screen panels have been applied extensively. At
present, touch screen panels may be classified in terms of
their composition and structure into add-on touch panels,
on-cell touch panels and in-cell touch panels. For the add-on
touch panel, a touch screen panel and a display screen are
produced separately, and then fitted together to form a
display screen which has a touch function. The add-on touch
panel has drawbacks such as a higher manufacturing cost, a
lower light transmissivity and a thicker module. With touch
electrodes of a touch screen panel being embedded in a
display screen, the in-cell touch panel appeals to panel
manufactures since it may have a thinner thickness of the
module as a whole, and substantially reduced manufacturing
cost.

[0004] Currently, in-cell touch screen panels are mainly
used in liquid crystal display screens. As well known, the
organic light-emitting diode (OLED) display screen is
among intensively investigated fields of state-of-the-art flat
panel displays. As compared with the liquid crystal display
screen, the OLED display screen has advantages such as low
energy consumption, low product cost, self-light emission, a
wide view angle, and quick responsiveness. Presently, the
OLED display screens have begun to replace conventional
LCD display screens in the display applications such as
mobile phones, PDAs and digital cameras. Hence, it is a
technical problem that needs an urgent solution for a person
having ordinary skill in the art to provide an OLED display
screen-based in-cell touch screen panel.

SUMMARY

[0005] In view of the above, embodiments of the present
disclosure provide an in-cell touch screen panel, a driving
method thereof, and a display device, which are used to
implement an organic light-emitting display screen-based
in-cell touch screen panel.

[0006] According to a first aspect of the present disclo-
sure, an in-cell touch screen panel is provided which com-
prises an array substrate, a plurality of sub-pixels located on
the array substrate, each of the plurality of sub-pixels
comprising an organic light-emitting device and a sub-pixel
circuit electrically connected with the organic light-emitting
device, the organic light-emitting device comprising an
anode layer, a light-emitting layer and a cathode layer that
are located on the array substrate in turn, and a driving chip.
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The plurality of sub-pixels are grouped into sub-pixel
groups, each of which comprises at least two sub-pixels. The
cathode layers of different sub-pixel groups are independent
of one another. The driving chip outputs signals to signal
terminals of each sub-pixel circuit and to the cathode layer
of'each sub-pixel group. Each of the signals output in a touch
scanning phase is a superposition of the signal output in a
preceding phase with a touch scanning signal such that each
sub-pixel circuit operates in the touch scanning phase in the
same state as in the preceding phase.

[0007] In some embodiments, the sub-pixel circuit com-
prises a write compensating module, a voltage stabilizing
module, a reset control module, a light-emitting control
module, a driving control module, a data signal terminal, a
write control signal terminal, a reset control signal terminal,
a light-emitting control signal terminal, a first reference
signal terminal and a second reference signal terminal. An
input terminal of the write compensating module is con-
nected with the data signal terminal, a control terminal
thereof is connected with the write control signal terminal,
and an output terminal thereof is connected with a first node
which is a connection point of the write compensating
module and the reset control module. An input terminal of
the light-emitting control module is connected with the first
reference signal terminal, a control terminal thereof is con-
nected with the light-emitting control terminal, and an
output terminal thereof is connected with a second node
which is a connection point of the light-emitting control
module and the driving control module. An input terminal of
the reset control module is connected with the second node,
a control terminal thereof is connected with the reset control
signal terminal, and an output terminal thereof is connected
with the first node. A first terminal of the voltage stabilizing
module is connected with the second reference signal ter-
minal, and a second terminal thereof is connected with the
first node. An input terminal of the driving control module
is connected with the second node, a control terminal thereof
is connected with the first node, and an output terminal
thereof is connected with the anode layer of a corresponding
one of the organic light-emitting devices. The cathode layer
of each sub-pixel group is connected with the driving chip
via a corresponding wire.

[0008] In some embodiments, the reset control module is
configured, under control of the reset control signal terminal,
to cause the first node to be in conduction with the second
node. The light-emitting control module is configured, under
control of the light-emitting control signal terminal, to
supply the signal of the first reference signal terminal to the
second node. The write compensating module is configured,
under control of the write control signal terminal, to supply
the signal of the data signal terminal and a preset threshold
voltage to the first node. The preset threshold voltage has a
difference from a threshold voltage of the driving control
module in a preset range. The voltage stabilizing module is
configured to perform charging or discharging according to
a potential of the first node, and to maintain a voltage
difference across the voltage stabilizing module to be a fixed
value in response to the first node being in a floating state.
The driving control module is configured, under joint con-
trol of the voltage stabilizing module and the light-emitting
control module, to drive the organic light-emitting device to
emit light.

[0009] In some embodiments, the driving chip is config-
ured during a frame period to: output a light-emitting control
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signal to the light-emitting control signal terminal of the
sub-pixel circuit of the sub-pixel and a reset control signal
to the reset control signal terminal in a first phase; output a
write control signal to the write control signal terminal and
a data signal to the data signal terminal in a second phase;
output a light-emitting control signal to the light-emitting
control signal terminal in a third phase; and in a fourth phase
that is the touch scanning phase, output to the signal
terminals of the sub-pixel circuit and to the cathode layer of
each sub-pixel group a superposition of respective signals
output to the signal terminals and the cathode layer in the
third phase with a same touch scanning signal, and deter-
mine a touch position by detecting a change in capacitance
of the cathode layer via the corresponding wire. The driving
chip outputs, from the first phase to the third phase, a first
reference signal to the first reference signal terminal, a
second reference signal to the second reference signal ter-
minal, and a third reference signal to the cathode layer of the
organic light-emitting device of the sub-pixel via the corre-
sponding wire.

[0010] In some embodiments, the write compensating
module comprises: a first switch transistor, a gate thereof
being the control terminal of the write compensating mod-
ule, a source thereof being the input terminal of the write
compensating module, and a drain thereof being connected
with a source of a first drive transistor; and a first drive
transistor, a gate thereof being connected with a drain
thereof to serve as the output terminal of the write compen-
sating module, and a threshold voltage thereof being equal
to the preset threshold voltage.

[0011] In some embodiments, the driving control module
comprises a second drive transistor, a gate thereof being the
control terminal of the driving control module, a drain
thereof being the input terminal of the driving control
module, and a source thereof being the output terminal of the
driving control module.

[0012] In some embodiments, the reset control module
comprises a second switch transistor, a gate thereof being the
control terminal of the reset control module, a source thereof
being the input terminal of the reset control module, and a
drain thereof being the output terminal of the reset control
module.

[0013] Insome embodiments, the voltage stabilizing mod-
ule comprises a capacitor, one terminal thereof being the first
terminal of the voltage stabilizing module, and the other
terminal thereof being the second terminal of the voltage
stabilizing module.

[0014] In some embodiments, the light-emitting control
module comprises a third switch transistor, a gate thereof
being the control terminal of the light-emitting control
module, a source thereof being the input terminal of the
light-emitting control module, and a drain thereof being the
output terminal of the light-emitting control module.

[0015] In some embodiments, a difference between the
preset threshold voltage and the threshold voltage of the
driving control module is less than 5% of the threshold
voltage of the driving control module.

[0016] In some embodiments, the switch transistors are
N-type transistors or P-type transistors.

[0017] In some embodiments, the sub-pixel circuit is
located between the anode layer and the array substrate, the
array substrate further comprises data lines for respectively
connecting the data signal terminals in respective sub-pixel
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circuits with the driving chip, and the wire is disposed in the
same layer as and insulated from the data lines.

[0018] In some embodiments, each transistor in the sub-
pixel circuit includes an active layer, a gate insulating layer,
a gate electrode, an insulating layer, a source electrode and
a drain electrode that are located on the array substrate in
turn, the source electrode and the drain electrode are dis-
posed on the same layer as the data lines, and the wire is
connected with a corresponding one of the cathode layers
through a via.

[0019] In some embodiments, the in-cell touch screen
panel further comprises a planarized layer located between
a layer where the source electrode and the drain electrode is
disposed and the anode layer, a sub-pixel limiting layer
located between the cathode layer and the planarized layer
and surrounding the light-emitting layer, and a cathode
connecting portion disposed on the same layer as the anode
layer. The cathode connecting portion is connected with the
corresponding wire through a via running through the pla-
narized layer, and the cathode layer is connected with the
corresponding cathode connecting portion through a via
running through the sub-pixel limiting layer.

[0020] In some embodiments, the plurality of sub-pixels
are arranged regularly on the array substrate, each of which
is of a hexagonal shape. The sub-pixels are arranged side by
side in a row direction, and the sub-pixels at corresponding
positions in every two adjacent rows are arranged staggered
in a column direction. A via for connecting the cathode layer
with the wire is arranged between every two adjacent
sub-pixels in each row, and a via for connecting the anode
layer with the drain electrode is arranged in a gap between
two adjacent rows. Alternatively, the sub-pixels are arranged
side by side in a column direction, and the sub-pixels at
corresponding positions in every two adjacent columns are
arranged staggered in a row direction. A via for connecting
the cathode layer with the wire is arranged between every
two adjacent sub-pixels in each column, and a via for
connecting the anode layer with the drain electrode is
arranged in a gap between two adjacent columns.

[0021] According to a second aspect of the present dis-
closure, a display device is further provided which com-
prises any one of the in-cell touch screen panels as described
in the first aspect.

[0022] According to a third aspect of the present disclo-
sure, a method of driving the in-cell touch screen panel as
described in the first aspect is provided which comprises:
outputting, by the driving chip during a frame period, signals
to signal terminals of each sub-pixel circuit and to the
cathode layer of each sub-pixel group. Each of the signals
output in a touch scanning phase is a superposition of the
signal output in a preceding phase with a touch scanning
signal such that each sub-pixel circuit operates in the touch
scanning phase in the same state as in the preceding phase.
[0023] In some embodiments, the sub-pixel circuit com-
prises a write compensating module, a voltage stabilizing
module, a reset control module, a light-emitting control
module, a driving control module, a data signal terminal, a
write control signal terminal, a reset control signal terminal,
a light-emitting control signal terminal, a first reference
signal terminal and a second reference signal terminal. An
input terminal of the write compensating module is con-
nected with the data signal terminal, a control terminal
thereof is connected with the write control signal terminal,
and an output terminal thereof is connected with a first node
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which is a connection point of the write compensating
module and the reset control module. An input terminal of
the light-emitting control module is connected with the first
reference signal terminal, a control terminal thereof is con-
nected with the light-emitting control terminal, and an
output terminal thereof is connected with a second node
which is a connection point of the light-emitting control
module and the driving control module. An input terminal of
the reset control module is connected with the second node,
a control terminal thereof is connected with the reset control
signal terminal, and an output terminal thereof is connected
with the first node. A first terminal of the voltage stabilizing
module is connected with the second reference signal ter-
minal, and a second terminal thereof is connected with the
first node. An input terminal of the driving control module
is connected with the second node, a control terminal thereof
is connected with the first node, and an output terminal
thereof is connected with the anode layer of a corresponding
one of the organic light-emitting devices. The cathode layer
of each sub-pixel group is connected with the driving chip
via a corresponding wire. The method comprises the fol-
lowing steps. In a first phase of the frame period, the driving
chip outputs a reset control signal to the reset control signal
terminal, a light-emitting control signal to the light-emitting
control signal terminal, a first reference signal to the first
reference signal terminal, a second reference signal to the
second reference signal terminal, and a third reference signal
to the cathode layer of the organic light-emitting device
through a corresponding wire, such that the light-emitting
control module supplies the signal of the first reference
signal terminal to the second node, the reset control module
causes the first node to be in conduction with the second
node, and the voltage stabilizing module begins to charge. In
a second phase of the frame period, the driving chip outputs
a write control signal to the write control signal terminal, a
data signal to the data signal terminal, the first reference
signal to the first reference signal terminal, the second
reference signal to the second reference signal terminal, and
the third reference signal to the cathode layer of the organic
light-emitting device in the sub-pixels through the corre-
sponding wire, such that the write compensating module
supplies the signal of the data signal terminal and a preset
threshold voltage to the first node, and the voltage stabilizing
module begins to discharge. The preset threshold voltage has
a difference from a threshold voltage of the driving control
module in a preset range. In a third phase of the frame
period, the driving chip outputs the light-emitting control
signal to the light-emitting control signal terminal, the first
reference signal to the first reference signal terminal, the
second reference signal to the second reference signal ter-
minal, and the third reference signal to the cathode layer of
the organic light-emitting device in the sub-pixels through
the corresponding wire, such that the first node is in a
floating state, the voltage stabilizing module maintains a
voltage difference thereacross at a fixed value, and the
driving control module, under joint control of the voltage
stabilizing module and the light-emitting control module,
drives the organic light-emitting device to emit light. In a
fourth phase of the frame period that is the touch scanning
phase, the driving chip outputs to the signal terminals of the
sub-pixel circuit and to the cathode layer of each sub-pixel
group a superposition of respective signals output to the
signal terminals and the cathode layer in the third phase with
a same touch scanning signal, and determines a touch
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position by detecting a change in capacitance of the cathode
layer via the corresponding wire.

[0024] In the in-cell touch screen panel, the driving
method thereof and the display device according to embodi-
ments of the present disclosure, one sub-pixel group is
comprised of at least two sub-pixels, and cathode layers of
different sub-pixel groups are independent of one another.
This results from segmenting the cathode layer that is
otherwise a whole surface in the prior art, and thus a
sub-pixel group corresponds to a segment region in the
segmented cathode layer. The cathode layer of each sub-
pixel group is connected with the driving chip through the
wire, which cathode layer is then reused as a self-capaci-
tance touch electrode. The driving chip applies a touch
scanning signal to the cathode layer via the wire, and
determines a touch position by detecting a change in capaci-
tance of the cathode layer via the conductive wire, thereby
achieving touch control functionality. Furthermore, in the
in-cell touch screen panel, each of the signals output by the
driving chip to the signal terminals of the sub-pixel circuit
and to the cathode layer in the fourth phase is a superposition
of the signal output in the third phase with a touch scanning
signal. This allows the sub-pixel circuit to operate in the
same state as in the third phase (i.e., the light-emitting
display phase). As such, where the touch screen panel is not
touched by a human body, the capacitance provided by
respective self-capacitance electrodes remains unchanged
before and after application of the touch scanning signal,
thereby ensuring accuracy of the touch position determina-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a structural schematic view of an in-cell
touch screen panel according to an embodiment of the
present disclosure;

[0026] FIG. 2 is a structural schematic view of a sub-pixel
circuit of an in-cell touch screen panel according to an
embodiment of the present disclosure;

[0027] FIG. 3 is a schematic sequence diagram of signals
output from a driving chip to signal terminals of a sub-pixel
circuit and a cathode layer in a frame period;

[0028] FIG. 4 is a specific structural schematic view of a
sub-pixel circuit of an in-cell touch screen panel according
to an embodiment of the present disclosure;

[0029] FIGS. 5a-5d are diagrams of operating states of the
sub-pixel circuit of FIG. 4 in different phases;

[0030] FIGS. 6a-6¢ are specific structural schematic views
of sub-pixel circuits of in-cell touch screen panels according
to further embodiments of the present disclosure;

[0031] FIGS. 7a-7e are schematic sequence diagrams of
corresponding input signals of the sub-pixel circuits as
shown in FIGS. 6a-6e;

[0032] FIG. 8 is a structural schematic view of a portion
of an in-cell touch screen panel according to an embodiment
of the present disclosure;

[0033] FIGS. 94 and 95 are schematic views of arrange-
ment of sub-pixels of an in-cell touch screen panel according
to an embodiment of the present disclosure; and

[0034] FIG. 10 is a flow chart of a method of driving an
in-cell touch screen panel according to an embodiment of
the present disclosure.
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DETAILED DESCRIPTION

[0035] Embodiments of the in-cell touch screen panel of
the present disclosure, a driving method thereof and a
display device are described below in detail with reference
to the accompanying drawings.

[0036] The thickness and shape of the layers shown in the
figures do not reflect actual proportions and are only
intended to illustrate the content of the disclosure.

[0037] FIG. 1 is a structural schematic view of an in-cell
touch screen panel according to an embodiment of the
present disclosure. As shown in FIG. 1, the in-cell touch
screen panel includes an array substrate 1 and a plurality of
sub-pixels 2 located on the array substrate 1. The sub-pixels
2 each comprise an organic light-emitting device 21 and a
sub-pixel circuit 22 electrically connected with the organic
light-emitting device 21 (the specific structure of the sub-
pixel circuit is not shown in FIG. 1). The organic light-
emitting device 21 comprises an anode layer 211, a light-
emitting layer 213 and a cathode layer 213 that are located
on the array substrate in turn. The sub-pixels 2 are grouped
into sub-pixel groups each comprising at least two sub-
pixels 2, and the cathode layers 213 belonging to different
sub-pixel groups are independent of one another. The touch
screen panel further comprises a driving chip (not shown in
FIG. 1) for outputting signals to signal terminals of respec-
tive sub-pixel circuits 22 and the cathode layers 213 of the
sub-pixel groups.

[0038] FIG. 2 is a structural schematic view of a sub-pixel
circuit of an in-cell touch screen panel according to an
embodiment of the present disclosure. As shown in FIG. 2,
the sub-pixel circuits each comprise a write compensating
module 01, a voltage stabilizing module 02, a reset control
module 03, a light-emitting control module 04, a driving
control module 05, a data signal terminal (i.e., Data), a write
control signal terminal Scan2, a reset control signal terminal
Scanl, a light-emitting control signal terminal EM, a first
reference signal terminal VDD, and a second reference
signal terminal Vint.

[0039] An input terminal of the write compensating mod-
ule 01 is connected with the data signal terminal Data, a
control terminal thereof is connected with the write control
signal terminal Scan2, and an output terminal thereof is
connected with a first node A. An input terminal of the
light-emitting control module 04 is connected with the first
reference signal terminal VDD, a control terminal thereof is
connected with the light-emitting control terminal EM, and
an output terminal thereof is connected with a second node
B. An input terminal of the reset control module 03 is
connected with the second node B, a control terminal thereof
is connected with the reset control signal terminal Scanl,
and an output terminal thereof is connected with the first
node A. A first terminal of the voltage stabilizing module 02
is connected with the second reference signal terminal Vint,
and a second terminal thereof is connected with the first
node A. An input terminal of the driving control module is
connected with the second node B, a control terminal thereof
is connected with the first node A, and an output terminal
thereof is connected with the anode layer 211 of a corre-
sponding organic light-emitting device 21. The cathode
layer 213 of each sub-pixel group 11 is connected with a
driving chip DRC via a corresponding wire 110.

[0040] The reset control module 03 is configured, under
control of the reset control signal terminal Scanl, to cause
the first node A to be in conduction with the second node B.
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The light-emitting control module 04 is configured, under
control of the light-emitting control signal terminal EM, to
supply the signal of the first reference signal terminal VDD
to the second node B. The write compensating module 01 is
configured, under control of the write control signal terminal
Scan2, to supply the signal of the data signal terminal Data
and a preset threshold voltage to the first node A, wherein the
preset threshold voltage has a difference from a threshold
voltage of the driving control module 05 in a preset range.
The voltage stabilizing module 02 is configured to perform
charging or discharging according to a potential of the first
node A, and to maintain a voltage difference across the
voltage stabilizing module 02 to be a fixed value when the
first node A is in a floating state. The driving control module
05 is configured, under joint control of the voltage stabiliz-
ing module 02 and light-emitting control module 04, to drive
the organic light-emitting device 21 to emit light.

[0041] In operation, the signal terminals of the sub-pixel
circuit and the cathode layer of the organic light-emitting
device 21 receive signals from the driving chip DRC.

[0042] FIG. 3 is a schematic sequence diagram of signals
output from the driving chip to signal terminals of the
sub-pixel circuit and the cathode layer in a frame period. As
shown in FIG. 3, for each sub-pixel, the driving chip is
configured to perform the following operations during a
frame period. In a first phase P1, the driving chip outputs a
light-emitting control signal to the light-emitting control
signal terminal EM of the sub-pixel circuit 22 in the sub-
pixel 2, and outputs a reset control signal to the reset control
signal terminal Scanl. In a second phase P2, the driving chip
outputs a write control signal to the write control signal
terminal Scan2 and outputs a data signal to the data signal
terminal Data. In a third phase P3, the driving chip outputs
a light-emitting control signal to the light-emitting control
signal terminal EM. From the first phase P1 to the third
phase P3, the driving chip outputs a first reference signal to
the first reference signal terminal VDD, outputs a second
reference signal to the second reference signal terminal Vint,
and outputs a third reference signal to the cathode layer 213
of the organic light-emitting device 21 in the sub-pixel 2 via
the corresponding wire 110. In a fourth phase P4, the driving
chip outputs signals to respective signal terminals (Scanl,
Scan2, Vint, Data, EM and VDD) of the sub-pixel circuit 22
and the cathode layer 213, each of which signals is a
superposition of the signal output in the third phase P3 with
a touch scanning signal such that respective modules of the
sub-pixel circuit 22 have the same operating state as that in
the third phase P3. The touch scanning signal is shown as a
square wave in the example of FIG. 3. Also, the driving chip
detects a change in capacitance of the cathode layer 213 via
the corresponding wire 110 to determine a touch position.

[0043] In the in-cell touch screen panel according to the
embodiment of the present disclosure, the sub-pixels are
grouped into sub-pixel groups each comprising at least two
sub-pixels, and the cathode layers belonging to different
sub-pixel groups are independent of one another. This results
from segmenting the cathode layer that is otherwise a whole
surface in the prior art, and thus a sub-pixel group corre-
sponds to a segment region in the segmented cathode layer.
The cathode layer of each sub-pixel group is connected with
the driving chip through the wire, which cathode layer is
then reused as a self-capacitance touch electrode. The driv-
ing chip applies a touch scanning signal to the cathode layer
via the wire, and determines a touch position by detecting a
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change in capacitance of the cathode layer via the conduc-
tive wire, thereby achieving touch control functionality.
Furthermore, in the in-cell touch screen panel, each of the
signals output by the driving chip to the signal terminals of
the sub-pixel circuit and to the cathode layer in the fourth
phase is a superposition of this signal output in the third
phase with a touch scanning signal. This allows the sub-
pixel circuit to operate in the same state as in the third phase
(i.e., the light-emitting display phase). As such, where the
touch screen panel is not touched by a human body, the
capacitance provided by respective self-capacitance elec-
trodes remains unchanged before and after application of the
touch scanning signal, thereby ensuring accuracy of the
touch determination.

[0044] It is to be noted that in the in-cell touch screen
panel according to the embodiment of the present disclosure,
the operating state of a module refers to an ON state or OFF
state of this module. Taking the light-emitting control mod-
ule as an example, if the light-emitting control module is in
an ON state in the third phase, and is also in the ON state in
the fourth phase, then the operating state of the light-
emitting control module in the fourth phase are the same as
that in the third phase.

[0045] According to the principle of the self-capacitance
touch control, when the touch screen panel is not touched by
the human body, the capacitance of the self-capacitance
electrodes is a fixed value. When the touch screen panel is
touched by the human body, the capacitance of the corre-
sponding self-capacitance electrodes is a superposition of
the fixed value with a human body capacitance. A touch
detection chip may determine the touch position in a touch
time period by detecting a change in the capacitance of
respective self-capacitance electrodes. In the in-cell touch
screen panel, to ensure that the capacitance of respective
self-capacitance electrodes (i.e., the cathode layers of
respective sub-pixel groups) in the fourth phase is a fixed
value, that is, kept fixed before and after application of the
touch scanning signal, a voltage difference between each
cathode layer and its corresponding ground electrode (i.e.,
other electrodes than the cathode layer) needs to remain
consistent. To this end, in the embodiment of the present
embodiment, each of the signals output by the driving chip
to the signal terminals of the sub-pixel circuit and to the
cathode layer in the fourth phase is a superposition of this
signal output in the third phase with the touch scanning
signal. This way, before and after application of the touch
scanning signal, the capacitance of respective self-capaci-
tance electrodes does not vary in the case that the touch
screen panel is not touched by a human body. Thereby
accuracy of touch position determination is ensured.
[0046] Furthermore, in the in-cell touch screen panel, by
means of cooperation of modules of the sub-pixel circuit, the
drive current generated when the organic light-emitting
device emits light is mainly determined by a voltage of the
data signal terminal, and is irrelevant to a threshold voltage
of the driving control module. This can avoid the influence
exerted by the threshold voltage of the driving control
module on the current flowing through the organic light-
emitting device, thereby enabling the working current of the
drive light-emitting device to remain consistent, and thereby
improving uniformity of brightness of the images in a
display region of the display device.

[0047] It is to be noted that in the in-cell touch screen
panel according to the embodiment of the present disclosure,
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the smaller the difference between the preset threshold
voltage and the threshold voltage of the driving control
module is, the smaller influence is exerted by a threshold
voltage drift of the driving control module in the sub-pixel
circuit on the current flowing through the organic light-
emitting device. Theoretically, when the difference between
the preset threshold voltage and the threshold voltage of the
driving control module is 0, this influence can be avoided
completely. However, due to factors such as manufacturing
process, a difference of zero between the preset threshold
voltage and the threshold voltage of the driving control
module can generally not be achieved completely. In an
embodiment, the difference between the preset threshold
voltage and the threshold voltage of the driving control
module may be less than 5% of the threshold voltage of the
driving control module.

[0048] FIG. 4 is a specific structural schematic view of a
sub-pixel circuit of an in-cell touch screen panel according
to an embodiment of the present disclosure. As shown in
FIG. 4, the write compensating module 01 may specifically
comprise a first switch transistor T1 and a first drive tran-
sistor DT1. A gate of the first switch transistor T1 is the
control terminal of the write compensating module 01, a
source thereof is the input terminal of the write compensat-
ing module 01, and a drain thereof is connected with a
source of the first drive transistor DT1. In an embodiment,
the first switch transistor may be an N-type transistor or a
P-type transistor. A gate of the first drive transistor DT1 is
connected with a drain thereof to serve as an output terminal
of the write compensating module 01, and a threshold
voltage V,,, of the first drive transistor DT1 is equal to the
preset threshold voltage. When the first switch transistor T1
is in the ON state under control of the write control signal
terminal Scan2, the signal of the data signal terminal Data is
supplied to the source of the first drive transistor DT1
through the first switch transistor T1. Since the first drive
transistor DT1 is connected as a diode structure, the signal
of the source of the first drive transistor DT1 flows towards
the first node A via the diode structure that is now in an ON
state. Since the threshold voltage V,,, of the first drive
transistor DT1 is the preset threshold voltage, the voltage of
the first node A is now a sum of the voltage of the signal of
the data signal terminal and the preset threshold voltage.

[0049] The driving control module 05 may specifically
comprise a second drive transistor DT2. A gate of the second
drive transistor DT2 is the control terminal of the driving
control module 05, a drain thereof is the input terminal of the
driving control module 05, and a source thereof is the output
terminal of the driving control module 05. In an embodi-
ment, the type of the first drive transistor DT1 is identical
with the type of the second drive transistor DT2, both of
which are generally N-type. Since the threshold voltage of
the N-type transistor is generally positive, the corresponding
first reference signal is generally a positive voltage, and the
third reference signal received by the cathode layer is
generally grounded or negative. In an embodiment, to enable
the threshold voltage of the first drive transistor to approxi-
mate the threshold voltage of the second drive transistor, the
first drive transistor has a size and a shape that are both
identical with those of the second drive transistor, and the
first drive transistor is positioned close to the second drive
transistor.

[0050] The reset control module 03 may specifically com-
prise a second switch transistor T2. A gate of the second
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switch transistor T2 is the control terminal of the reset
control module 03, a source thereof is the input terminal of
the reset control module 03, and a drain thereof is the output
terminal of the reset control module 03. In an embodiment,
the second switch transistor may be an N-type transistor or
a P-type transistor. When the second switch transistor T2 is
in an ON state under control of the reset control signal
terminal Scanl, the second switch transistor T2 in the ON
state causes the first node A to be in conduction with the
second node B.

[0051] The voltage stabilizing module 02 may specifically
comprise a capacitor C1. One terminal of the capacitor C1
is the first terminal of the voltage stabilizing module 02, and
the other terminal of the capacitor C1 is the second terminal
of the voltage stabilizing module 02. When the potential of
the first node A is higher than that in a preceding time period,
the capacitor C1 begins to charge. When the potential of the
first node A is lower than that in a preceding time period, the
capacitor C1 begins to discharge. When the first node A is in
a floating state (i.e., none of the write compensating module
01 and the reset control module 03 outputs signal to the first
node A), a fixed voltage difference is maintained across the
capacitor C1.

[0052] Furthermore, in the in-cell touch screen panel
according to the embodiment of the present disclosure, from
the first phase to the third phase, the voltage of the second
reference signal terminal may be identical with the voltage
of the cathode layer. However, the present disclosure is not
so limited.

[0053] The light-emitting control module 04 may specifi-
cally comprise a third switch transistor T3. A gate of the
third switch transistor T3 is the control terminal of the
light-emitting control module 04, a source thereof is the
input terminal of the light-emitting control module 04, and
a drain thereof is the output terminal of the light-emitting
control module 04. In an embodiment, the third switch
transistor may be an N-type transistor or a P-type transistor.
When the third switch transistor T3 is in an ON state under
control of the light-emitting control signal terminal EM, a
signal at the first reference signal terminal VDD is trans-
mitted to the second node B through the third switch
transistor T3 that is in the ON state.

[0054] By way of example, the drive transistors and the
switch transistors described above may be thin film transis-
tors (TFT), or metal oxide semiconductor field effect tran-
sistors (MOSFET). In some embodiments, to simplify the
manufacturing process, all switch transistors are N-type
transistors or P-type transistors. In some embodiments, since
the first drive transistor and the second drive transistor are
N-type transistors, all switch transistors may also be
designed as N-type transistors (i.e., all transistors are N-type
transistors). This way, the manufacturing process of the
sub-pixel circuit may be simplified.

[0055] The specific structures of the sub-pixel circuit in
the in-cell touch screen panel are described only for pur-
poses of illustration, not for limitation. The present disclo-
sure is not limited to the described specific structures.
[0056] The operating procedure of the sub-pixel circuit
according to the embodiment of the present disclosure will
be described by taking the sub-pixel circuit shown in FIG.
4 as an example. The corresponding sequence diagram of the
input signals is shown in FIG. 3. In the sub-pixel circuit, all
drive transistors (DT1 and DT2) and all switch transistors
(T1, T2 and T3) are N-type transistors. The N-type transistor
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is in an ON state when the gate is at a high level and in an
OFF state when the gate is at a low level. For ease of
description, a high level signal is hereinafter represented
with “1”, and a low level signal is represented with “0”. In
addition, assume that from the first phase to the third phase,
the potential of the first reference signal output by the
driving chip to the first reference signal terminal VDD is
V 2 the potential of the second reference signal output to the
second reference signal terminal Vint is V, the potential of
the third reference signal output to the cathode layer 213 is
V., and in the fourth phase, an amplitude of the superposed
touch scanning signal is IAVI.

[0057] FIGS. 5a-5d are diagrams of operating states of the
sub-pixel circuit of FIG. 4 in different phases. In these
figures, a dashed circle superimposed on a transistor indi-
cates that this transistor is in an OFF state.

[0058] In the first phase P1 (reset charge phase), Scanl=1,
Scan2=0, and EM=1. As shown in FIG. 5a, the second
switch transistor T2 and the third switch transistor T3 are in
an ON state, and the first switch transistor T1, the first drive
transistor DT1 and the second drive transistor DT2 are in an
OFF state. The first reference signal of the first reference
signal terminal VDD is transmitted to the second node B
through the ON third switch transistor T3 so that the
potential of the second node B is the potential V ;; of the first
reference signal. The signal of the second node B is trans-
mitted to the first node A through the ON second switch
transistor T2, so that the potential of the first node A is also
the potential V_,, of the first reference signal, and the
potential of the second reference signal terminal Vint is the
potential V of the second reference signal. The capacitor
C1 begins to charge.

[0059] In a second phase P2 (write compensating phase),
Scan1=0, Scan2=1, and EM=0.

[0060] As shown in FIG. 54, the first switch transistor T1
and the first drive transistor DT1 are in an ON state, and the
second switch transistor T2, the third switch transistor T3
and the second drive transistor DT2 are in an OFF state. The
data signal of the data signal terminal Data is transmitted to
the source of the first drive transistor DT1 through the ON
first switch transistor T1, so that the potential of the source
of'the first drive transistor DT1 is a potential V ,,,, of the data
signal. Then, the signal of the source of the first drive
transistor DT1 passes through the first drive transistor DT1
ofthe diode structure and then is transmitted to the first node
A. The capacitor C1 begins to discharge. When the potential
of the first node A becomes V,,,,+V,,; (Where V,,, is a
threshold voltage of the first drive transistor DT1), the
capacitor C1 stops discharging.

[0061] In a third phase P3 (light-emitting display phase),
Scan1=0, Scan2=0, and EM=1.

[0062] As shown in FIG. 5S¢, the third switch transistor T3
and the second drive transistor DT2 are in an ON state, the
first switch transistor T1, the second switch transistor T2 and
the first drive transistor DT1 are in an OFF state. The first
node A is in a floating state. The first reference signal of the
first reference signal terminal VDD is transmitted to the
second node B through the ON third switch transistor T3 so
that the potential of the second node B becomes the potential
V ,; of the first reference signal. Since the first node A is in
a floating state, the capacitor C1 enables the potential of the
first node A to remain at the potential V ,,,,+V,,, of the
preceding phase. In this phase, the second drive transistor
DT2 operates in a saturated state. According to the current
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properties of the saturated state, a working current 1,; -,
flowing through the second drive transistor DT2 for driving
the organic light-emitting device 21 to emit light satisfies the
following equation:

Iorep=K(Vg- Vi =KL gt Vers=Votea— VP =K
Vaata=VoteatVin=Vm)™

where K is a structural parameter that is relatively stable in
the same structure and may be considered constant, V,,,, is
the threshold voltage of the second drive transistor DT2, and
V,eq 18 the voltage of the anode layer of the organic
light-emitting device 21.
[0063] Since a difference between the threshold voltage
V,,, of the first drive transistor DT1 and the threshold
voltage V of the second drive transistor DT2 is small and
thus V,,, -V, has a small influence on the 1,; -, a drift of
the threshold voltage of the first drive transistor DT1 may be
compensated through the first drive transistor DT1. Further,
assume that the difference between the threshold voltage
V., of the first drive transistor DT1 and the threshold
voltage V of the second drive transistor DT2 is neglectable,
ie., V=V, is approximately equal to O relativeto V ,,,,—
Vsew then 1, -n=K(V .. -V, . It can be seen that the
working current I, -, of the organic light-emitting device
21 is no longer influenced by the threshold voltage V,,,, of
the second drive transistor DT2, but is mainly dependent on
the data signal. This thoroughly solves the influence exerted
by the threshold voltage drift of the drive transistor due to
the manufacturing process and long-term operation on the
working current of the organic light-emitting device, and
thereby improves uniformity of the display of the panel.
[0064] In a fourth phase P4 (touch display phase),
Scan1=0, Scan2=0, and EM=1.
[0065] Since each of the signals of the signal terminals of
the sub-pixel circuit and the cathode layer 213 is a super-
position of the signal output in the third phase P3 with the
touch scanning signal, the modules of the sub-pixel circuit
operate in the same state as in the third phase, i.e., a relative
potential between the signals is still identical with that in the
third phase. In the fourth phase, Scant is still a low level
signal, Scan2 is still a low level signal, and EM is still a high
level signal.
[0066] Hence, as shown in FIG. 5d, the third switch
transistor T3 and the second drive transistor DT2 are in an
ON state, and the first switch transistor T1, second switch
transistor T2 and the first drive transistor DT1 are in an OFF
state. The first node A is in a floating state. The signal of the
first reference signal terminal VDD is transmitted to the
second node B via the ON third switch transistor T2 so that
the potential of the second node B changes from V ; of the
third phase P3 to V,,+IAV]I, and the potential of the cathode
layer of the organic light-emitting device 21 changes from
V,, of the third phase P3 to V_+IAVI. Accordingly, the
potential of the anode layer of the organic light-emitting
device 21 changes from V_,, of the third phase P3 to
V.t |AV1, and the potential of the terminal of the capacitor
C1 which is connected with the second reference signal
terminal Vint also changes from V of the third phase P3 to
V,,+IAVI. Since the first node A is in a floating state in this
phase, to keep the voltage difference across the capacitor C1
unchanged, the potential of the first node A transits from
V satatVyn of the third phase P3 to V;,, +V,,; +IAVI. In this
phase, the second drive transistor DT2 operates in a satu-
rated state. According to the current properties of the satu-
rated state, a working current ;- flowing through the
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second drive transistor DT2 for driving the organic light-
emitting device 21 to emit light satisfies the following
equation:

Iorep=K(Vg— Vth2)2 =KV gatat Vet tAVI=V 10—

IAVI=V 32 =KV i oo Vs =V«

[0067] It can be seen that the working current I, -, of the
organic light-emitting device 21 is consistent with that in the
third phase P3, and the touch scanning signal IAVI super-
posed on respective signal terminals of the sub-pixel circuit
and the cathode layer does not have an influence on the
working current I, ., of the organic light-emitting device
21.
[0068] Moreover, in this phase, the cathode layer is reused
as a self-capacitance electrode, and the driving chip deter-
mines a touch position by detecting a change in capacitance
of the cathode layer. Since the respective signals of the
cathode layer and the signal terminals of the sub-pixel
circuit are all superposed with the same touch scanning
signal, it may be ensured that the capacitance of the cathode
layer (i.e., the self-capacitance electrode) is a fixed value
before and after application of the touch scanning signal.
Thereby accuracy of the touch position determination is
ensured.
[0069] The above embodiment is described by way of
example where all drive transistors and all switch transistors
of the sub-pixel circuit are N-type transistors. Of course, in
other embodiments, all switch transistors may be P-type
transistors. Alternatively, a portion of the switch transistors
may be N-type transistors and the remaining portion are
P-type transistors.
[0070] FIGS. 6a-6¢ are specific structural schematic views
of sub-pixel circuits of in-cell touch screen panels according
to further embodiments of the present disclosure, and FIGS.
7a-Te are schematic sequence diagrams of corresponding
input signals of the sub-pixel circuits as shown in FIGS.
6a-6e.
[0071] As shown in FIG. 6a, both the first drive transistor
DT1 and the second drive transistors DT2 are N-type
transistors, and the first switch transistor T1, the second
switch transistor T2 and the third switch transistor T2 are
P-type transistors. The corresponding sequence diagram of
the input signals is shown in FIG. 7a. The working principle
of the sub-pixel circuit is identical with that in the above
embodiment, and will not be detailed here.
[0072] As shown in FIG. 65, both the first drive transistor
DT1 and the second drive transistor DT2 are N-type tran-
sistors, the first switch transistor T1 is a P-type transistor,
and both the second switch transistor T2 and third switch
transistor T3 are N-type transistors. The corresponding
sequence diagram of the input signals is shown in FIG. 75.
The working principle of the sub-pixel circuit is identical
with that in the above embodiment, and will not be detailed
here.
[0073] Further, as can be seen from the sequence diagram
as shown in FIG. 7b, the signal of the light-emitting control
signal terminal EM has the same waveform as the signal of
the write control signal terminal Scan2, so the light-emitting
control signal terminal EM and the write control signal
terminal Scan2 can be connected together as a same termi-
nal. The structure of such a sub-pixel circuit is shown in FIG.
6¢. The corresponding sequence diagram of the input signals
is shown in FIG. 7¢. The working principle of the sub-pixel
circuit is identical with that in the above embodiment, and
will not be detailed here.
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[0074] As shown in FIG. 6d, both the first drive transistor
DT1 and the second drive transistor DT2 are N-type tran-
sistors, the first switch transistor T1 and the second switch
transistor T2 are N-type transistors, and the third switch
transistor T3 is a P-type transistor. The corresponding
sequence diagram of the input signals is shown in FIG. 74.
The working principle of the sub-pixel circuit is identical
with that in the above embodiment, and will not be detailed
here.

[0075] Further, as can be seen from the sequence diagram
as shown in FIG. 7d, the signal of the light-emitting control
signal terminal EM has the same waveform as the signal of
the write control signal terminal Scan2, so the light-emitting
control signal terminal EM and the write control signal
terminal Scan2 can be connected together as a same termi-
nal. The structure of such a sub-pixel circuit is as shown in
FIG. 6e. The corresponding sequence diagram of the input
signals is shown in FIG. 7e. The working principle of the
sub-pixel circuit is identical with that in the above embodi-
ment, and will not be detailed here.

[0076] It is to be noted that in the sub-pixel circuits as
shown in FIGS. 6a to 6e, the waveform sequences of the
signals of the first reference signal terminal VDD, the
second reference signal terminal Vint, the data signal ter-
minal Data and the cathode layer 213 are all identical with
that of the sub-pixel circuit as shown in FIG. 4. Thus, in
FIGS. 7a to 7e, only the waveform sequences of the signals
of the reset control signal terminal Scanl, the write control
signal terminal Scan2 and the light-emitting control signal
terminal EM are shown.

[0077] In the in-cell touch screen panel according to the
embodiment of the present disclosure, the sub-pixel circuit
is generally located between the anode layer and the array
substrate. To simplify the manufacturing process, the wire
connected with the cathode layer may be fabricated on the
same layer as the sources, gates or drains of the transistors
in the sub-pixel circuit or other signal lines on the array
substrate. This way, no new fabrication process needs to be
added, except that patterning of the corresponding layers is
to be altered. Thereby, the process is simplified, the produc-
tion cost is saved, and the production efficiency is improved.
[0078] In some embodiments, the sub-pixel circuit is
located between the anode layer and the array substrate. The
array substrate further comprises data lines for connecting
the data signal terminals in respective sub-pixel circuits with
the driving chip respectively. The wire is disposed in the
same layer as and insulated from the data lines.

[0079] In some embodiments, all transistors in the sub-
pixel circuit each include an active layer, a gate insulating
layer, a gate electrode, an inter-layer insulating layer, a
source electrode and a drain electrode that are located on the
array substrate in turn. The data lines, the source electrode
and the drain electrode are disposed on the same layer, and
the wire is connected with the corresponding cathode layer
through a via.

[0080] In some embodiments, the in-cell touch screen
panel further comprises a planarized layer located between
the layer where the source electrode and the drain electrode
is disposed and the anode layer, a sub-pixel limiting layer
located between the cathode layer and the planarized layer
and surrounding light-emitting layers, and a cathode con-
necting portion disposed on the same layer as the anode
layer. The cathode connecting portion is connected with the
corresponding wire through a via running through the pla-
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narized layer, and the cathode layer is connected with the
corresponding cathode connecting portion through a via
running through the sub-pixel limiting layer.

[0081] In some embodiments, the in-cell touch screen
panel further comprises a buffering layer located between
the sub-pixel circuit and the array substrate.

[0082] FIG. 8 is a structural schematic view of a portion
of an in-cell touch screen panel according to an embodiment
of the present disclosure. Taking one sub-pixel as an
example, as shown in FIG. 8, the array substrate 1 is
provided in turn with a buffering layer 221, an active layer
222, a gate insulating layer 223, a gate electrode 224, an
inter-layer insulting layer 225, a source electrode 226, a
drain electrode 227, a wire 110, a planarized layer 228, an
anode layer 211, a cathode connecting portion 214, a light-
emitting layer 212, a sub-pixel limiting layer 215 surround-
ing the light-emitting layer 212, and a cathode layer 213.
The source electrode 226, the drain electrode 227, and the
wire 110 are disposed on the same layer.

[0083] The cathode layer 213 is connected with the cath-
ode connecting portion 214 through a via running through
the sub-pixel limiting layer 215. The anode layer 211 is
connected with the drain electrode 227 through a via running
through the planarized layer 228. The cathode connecting
portion 214 is connected with the wire 110 through a via
running through the planarized layer 228. The source elec-
trode 226 and the drain electrode 227 are connected with the
active layer 222 respectively through vias running through
the inter-layer insulating layer 225 and the gate insulating
layer 223. The active layer 222 is dope-treated in regions
2220 that are in contact with the source electrode 226 and
the drain electrode 227. Only the active layer 222, the gate
electrode 224, the source electrode 226 and the drain elec-
trode 227 of the second drive transistor DT2 are shown in
FIG. 8. The configuration of the switch transistor may be
similar to that of the drive transistor and thus will not be
detailed here.

[0084] FIGS. 94 and 95 are schematic views of arrange-
ment of sub-pixels of an in-cell touch screen panel according
to an embodiment of the present disclosure. As shown in
FIG. 9a and FIG. 95, each sub-pixel 2 is of a hexagonal
shape, and the sub-pixels 2 are arranged regularly on the
array substrate 1. Specifically, as shown in FIG. 9a, sub-
pixels 2 are arranged side by side in a row direction, and
sub-pixels 2 at corresponding positions in two adjacent rows
of sub-pixels 2 are arranged staggered in a column direction.
In each row of sub-pixels 2, a via V1 for connecting the
cathode layer with the wire is arranged between every two
adjacent sub-pixels 2. A via V2 for connecting the anode
layer with the drain electrode is arranged in a gap between
two adjacent rows of sub-pixels. Alternatively, as shown in
FIG. 95, the sub-pixels 2 are arranged side by side in the
column direction, and sub-pixels 2 at corresponding posi-
tions in two adjacent columns of sub-pixels 2 are arranged
staggered in a row direction. In each column of sub-pixels
2, a via V1 for connecting the cathode layer with the wire is
arranged between every two adjacent sub-pixels 2. A via V2
for connecting the anode layer with the drain electrode is
arranged in a gap between two adjacent columns of sub-
pixels. Arranging the via V1 for connecting the cathode
layer with the wire between adjacent sub-pixels other than in
the light-emitting layer may avoid damages to the light-
emitting layer.



US 2017/0177139 Al

[0085] FIG. 10 is a flow chart of a method of driving an
in-cell touch screen panel according to an embodiment of
the present disclosure. As shown in FIG. 10, a frame period
for each sub-pixel may comprise four phases.

[0086] At step S101, in a first phase, the driving chip
outputs a reset control signal to the reset control signal
terminal of the sub-pixel circuit in the sub-pixels, outputs a
light-emitting control signal to the light-emitting control
signal terminal, outputs a first reference signal to the first
reference signal terminal, outputs a second reference signal
to the second reference signal terminal, and outputs a third
reference signal to the cathode layer of the organic light-
emitting device through a corresponding wire. The light-
emitting control module supplies the signal of the first
reference signal terminal to the second node. The reset
control module causes the first and node to be in conduction
with the second node. The voltage stabilizing module begins
to charge.

[0087] At step S102, in a second phase, the driving chip
outputs a write control signal to the write control signal
terminal of the sub-pixel circuit in the sub-pixels, outputs a
data signal to the data signal terminal, outputs the first
reference signal to the first reference signal terminal, outputs
the second reference signal to the second reference signal
terminal, and outputs the third reference signal to the cath-
ode layer of the organic light-emitting device in the sub-
pixels through the corresponding wire. The write compen-
sating module supplies the signal of the data signal terminal
and a preset threshold voltage to the first node. The preset
threshold voltage has a difference from a threshold voltage
of the driving control module in a preset range. The voltage
stabilizing module begins to discharge.

[0088] At step S103, in a third phase, the driving chip
outputs a light-emitting control signal to the light-emitting
control signal terminal of the sub-pixel circuit in the sub-
pixels, outputs the first reference signal to the first reference
signal terminal, outputs the second reference signal to the
second reference signal terminal, and outputs the third
reference signal to the cathode layer of the organic light-
emitting device in the sub-pixels through the corresponding
wire. The first node is in a floating state. The voltage
stabilizing module maintains a voltage difference there-
across at a fixed value. The driving control module, under
joint control of the voltage stabilizing module and light-
emitting control module, drives the organic light-emitting
device to emit light.

[0089] At step S104, in a fourth phase, the driving chip
outputs signals to respective signal terminals of the sub-
pixel circuit in the sub-pixels and to the cathode layer, each
of which signals is a superposition of the signal output in the
third phase with a touch scanning signal to enable an
operating state of modules of the sub-pixel circuit to be
identical with that in the third phase, and the driving chip
determines a touch position by detecting a change in capaci-
tance of the cathode layer via the corresponding wire.

[0090] Embodiments of the present disclosure further pro-
vide a display device, which comprises the in-cell touch
screen panel provided by the above embodiments. The
display device may be any product or component that has
display functionality such as a mobile phone, a flat panel
computer, a TV set, a display, a notable computer, a digital
photo frame and a navigator. Reference can be made to the
aforesaid embodiments regarding the in-cell touch screen
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panel for the implementation of the display device, and thus
no detailed description will be presented here.

[0091] In the in-cell touch screen panel, the driving
method thereof and the display device according to embodi-
ments of the present disclosure, one sub-pixel group is
comprised of at least two sub-pixels, and cathode layers of
different sub-pixel groups are independent of one another.
This results from segmenting the cathode layer that is
otherwise a whole surface in the prior art, and thus a
sub-pixel group corresponds to a segment region in the
segmented cathode layer. The cathode layer of each sub-
pixel group is connected with the driving chip through the
wire, which cathode layer is then reused as a self-capaci-
tance touch electrode. The driving chip applies a touch
scanning signal to the cathode layer via the wire, and
determines a touch position by detecting a change in capaci-
tance of the cathode layer via the conductive wire, thereby
achieving touch control functionality. Furthermore, in the
in-cell touch screen panel, each of the signals output by the
driving chip to the signal terminals of the sub-pixel circuit
and to the cathode layer in the fourth phase is a superposition
of the signal output in the third phase with a touch scanning
signal. This allows the sub-pixel circuit to operate in the
same state as in the third phase (i.e., the light-emitting
display phase). As such, where the touch screen panel is not
touched by a human body, the capacitance provided by
respective self-capacitance electrodes remains unchanged
before and after application of the touch scanning signal,
thereby ensuring accuracy of the touch position determina-
tion.

[0092] Various modification and variations to embodi-
ments of the present disclosure may be made by a person
having ordinary skill in the art without departing from the
spirit and scope of the present disclosure. Thus, if these
modifications and variations fall within the scope of the
appended claims of the present disclosure and equivalents
thereof, the present disclosure is intended to encompass
these modifications and variations.

1. An in-cell touch screen panel, comprising:

an array substrate;

a plurality of sub-pixels located on the array substrate,
each of the plurality of sub-pixels comprising an
organic light-emitting device and a sub-pixel circuit
electrically connected with the organic light-emitting
device, the organic light-emitting device comprising an
anode layer, a light-emitting layer and a cathode layer
that are located on the array substrate in turn; and

a driving chip;

wherein the plurality of sub-pixels are grouped into
sub-pixel groups each comprising at least two sub-
pixels, wherein cathode layers of different sub-pixel
groups are independent of one another; and

wherein the driving chip is configured to output signals to
signal terminals of each sub-pixel circuit and to the
cathode layer of each sub-pixel group, wherein each of
the signals output in a touch scanning phase is a
superposition of the signal output in a preceding phase
with a touch scanning signal such that each sub-pixel
circuit operates in the touch scanning phase in the same
state as in the preceding phase.

2. The in-cell touch screen panel according to claim 1,
wherein the sub-pixel circuit comprises a write compensat-
ing module, a voltage stabilizing module, a reset control
module, a light-emitting control module, a driving control
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module, a data signal terminal, a write control signal termi-
nal, a reset control signal terminal, a light-emitting control
signal terminal, a first reference signal terminal and a second
reference signal terminal, wherein:

the write compensating module has an input terminal

connected with the data signal terminal, a control
terminal connected with the write control signal termi-
nal, and an output terminal connected with a first node
which is a connection point of the write compensating
module and the reset control module;

the light-emitting control module has an input terminal

connected with the first reference signal terminal, a
control terminal connected with the light-emitting con-
trol terminal, and an output terminal connected with a
second node which is a connection point of the light-
emitting control module and the driving control mod-
ule;

the reset control module has an input terminal connected

with the second node, a control terminal connected
with the reset control signal terminal, and an output
terminal connected with the first node;

the voltage stabilizing module has a first terminal con-

nected with the second reference signal terminal, and a
second terminal connected with the first node; and
the driving control module has an input terminal con-

nected with the second node, a control terminal con-
nected with the first node, and an output terminal
connected with the anode layer of a corresponding one
of the organic light-emitting devices; and

wherein the cathode layer of each sub-pixel group is

connected with the driving chip via a corresponding
wire.

3. The in-cell touch screen panel according to claim 2,
wherein:

the reset control module is configured, under control of

the reset control signal terminal, to cause the first node
to be in conduction with the second node;

the light-emitting control module is configured, under

control of the light-emitting control signal terminal, to
supply the signal of the first reference signal terminal to
the second node;
the write compensating module is configured, under con-
trol of the write control signal terminal, to supply the
signal of the data signal terminal and a preset threshold
voltage to the first node, wherein the preset threshold
voltage has a difference from a threshold voltage of the
driving control module in a preset range;
the voltage stabilizing module is configured to perform
charging or discharging according to a potential of the
first node, and to maintain a voltage difference across
the voltage stabilizing module to be a fixed value in
response to the first node being in a floating state; and

the driving control module is configured, under joint
control of the voltage stabilizing module and the light-
emitting control module, to drive the organic light-
emitting device to emit light.

4. The in-cell touch screen panel according to claim 2,
wherein the driving chip is configured during a frame period
to:

output, in a first phase, a light-emitting control signal to

the light-emitting control signal terminal of the sub-
pixel circuit of the sub-pixel, and a reset control signal
to the reset control signal terminal;
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output, in a second phase, a write control signal to the
write control signal terminal, and a data signal to the
data signal terminal;

output, in a third phase, a light-emitting control signal to
the light-emitting control signal terminal; and

output, in a fourth phase that is the touch scanning phase,
to the signal terminals of the sub-pixel circuit and to the
cathode layer of each sub-pixel group a superposition
of respective signals output to the signal terminals and
the cathode layer in the third phase with a same touch
scanning signal, and determine a touch position by
detecting a change in capacitance of the cathode layer
via the corresponding wire; and

wherein the driving chip is configured to output, from the
first phase to the third phase, a first reference signal to
the first reference signal terminal, a second reference
signal to the second reference signal terminal, and a
third reference signal to the cathode layer of the organic
light-emitting device of the sub-pixel via the corre-
sponding wire.

5. The in-cell touch screen panel according to claim 3,

wherein the write compensating module comprises:

a first switch transistor having a gate that is the control
terminal of the write compensating module, a source
that is the input terminal of the write compensating
module, and a drain; and

a first drive transistor having a gate, a drain connected to
the gate to serve as the output terminal of the write
compensating module, and a source connected with the
drain of the first switch transistor, wherein the first
drive transistor has a threshold voltage that is equal to
the preset threshold voltage.

6. The in-cell touch screen panel according to claim 2,
wherein the driving control module comprises a second
drive transistor having a gate that is the control terminal of
the driving control module, a drain that is the input terminal
of the driving control module, and a source that is the output
terminal of the driving control module.

7. The in-cell touch screen panel according to claim 2,
wherein the reset control module comprises a second switch
transistor having a gate that is the control terminal of the
reset control module, a source that is the input terminal of
the reset control module, and a drain that is the output
terminal of the reset control module.

8. The in-cell touch screen panel according to claim 2,
wherein the voltage stabilizing module comprises a capaci-
tor having a first terminal that is the first terminal of the
voltage stabilizing module, and a second terminal that is the
second terminal of the voltage stabilizing module.

9. The in-cell touch screen panel according to claim 2,
wherein the light-emitting control module comprises a third
switch transistor having a gate that is the control terminal of
the light-emitting control module, a source that is the input
terminal of the light-emitting control module, and a drain
that is the output terminal of the light-emitting control
module.

10. The in-cell touch screen panel according to claim 3,
wherein the difference between the preset threshold voltage
and the threshold voltage of the driving control module is
less than 5% of the threshold voltage of the driving control
module.

11. The in-cell touch screen panel according to claim 5,
wherein the first switch transistor is an N-type transistors or
a P-type transistors.
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12. The in-cell touch screen panel according to claim 5,
wherein the sub-pixel circuit is located between the anode
layer and the array substrate, wherein the array substrate
further comprises data lines for respectively connecting the
data signal terminals in respective sub-pixel circuits with the
driving chip, and wherein the wire is disposed in the same
layer as and insulated from the data lines.

13. The in-cell touch screen panel according to claim 12,
wherein each transistor in the sub-pixel circuit comprises an
active layer, a gate insulating layer, a gate electrode, an
insulating layer, a source electrode, and a drain electrode
that are located on the array substrate in turn, wherein the
source electrode and the drain electrode are disposed on the
same layer as the data lines, and wherein the wire is
connected with a corresponding one of the cathode layers
through a via.

14. The in-cell touch screen panel according to claim 13,
further comprising:

a planarized layer located between a layer where the
source electrode and the drain electrode is disposed and
the anode layer;

a sub-pixel limiting layer located between the cathode
layer and the planarized layer and surrounding the
light-emitting layer; and

a cathode connecting portion disposed on the same layer
as the anode layer;

wherein the cathode connecting portion is connected with
the corresponding wire through a via running through
the planarized layer; and

wherein the cathode layer is connected with the corre-
sponding cathode connecting portion through a via
running through the sub-pixel limiting layer.

15. The in-cell touch screen panel according to claim 13,
wherein the plurality of sub-pixels are regularly arranged on
the array substrate, each of which is of a hexagonal shape,
wherein the sub-pixels are arranged side by side in a row
direction, and the sub-pixels at corresponding positions in
every two adjacent rows are arranged staggered in a column
direction, wherein the in-cell touch screen panel further
comprises a via arranged between every two adjacent sub-
pixels in each row for connecting the cathode layer with the
wire, and a via arranged in a gap between two adjacent rows.

16. A display device comprising the in-cell touch screen
panel according to claim 1.

17. A method of driving the in-cell touch screen panel
according to claim 1, comprising:

outputting, by the driving chip during a frame period,
signals to signal terminals of each sub-pixel circuit and
to the cathode layer of each sub-pixel group, wherein
each of the signals output in a touch scanning phase is
a superposition of the signal output in a preceding
phase with a touch scanning signal such that each
sub-pixel circuit operates in the touch scanning phase
in the same state as in the preceding phase.

18. The method according to claim 17, wherein the
sub-pixel circuit comprises a write compensating module, a
voltage stabilizing module, a reset control module, a light-
emitting control module, a driving control module, a data
signal terminal, a write control signal terminal, a reset
control signal terminal, a light-emitting control signal ter-
minal, a first reference signal terminal and a second refer-
ence signal terminal, wherein:

the write compensating module has an input terminal
connected with the data signal terminal, a control
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terminal connected with the write control signal termi-
nal, and an output terminal connected with a first node
which is a connection point of the write compensating
module and the reset control module;

the light-emitting control module has an input terminal
connected with the first reference signal terminal, a
control terminal connected with the light-emitting con-
trol terminal, and an output terminal connected with a
second node which is a connection point of the light-
emitting control module and the driving control mod-
ule;

the reset control module has an input terminal connected
with the second node, a control terminal connected
with the reset control signal terminal, and an output
terminal connected with the first node;

the voltage stabilizing module has a first terminal con-
nected with the second reference signal terminal, and a
second terminal connected with the first node;

the driving control module has an input terminal con-
nected with the second node, a control terminal con-
nected with the first node, and an output terminal
connected with the anode layer of a corresponding one
of the organic light-emitting devices; and

the cathode layer of each sub-pixel group is connected
with the driving chip via a corresponding wire; and

wherein the method comprises:

outputting, by the driving chip in a first phase of the frame
period, a reset control signal to the reset control signal
terminal, a light-emitting control signal to the light-
emitting control signal terminal, a first reference signal
to the first reference signal terminal, a second reference
signal to the second reference signal terminal, and a
third reference signal to the cathode layer of the organic
light-emitting device through a corresponding wire,
such that the light-emitting control module supplies the
signal of the first reference signal terminal to the
second node, the reset control module causes the first
node to be in conduction with the second node, and the
voltage stabilizing module begins to charge;

outputting, by the driving chip in a second phase of the
frame period, a write control signal to the write control
signal terminal, a data signal to the data signal terminal,
the first reference signal to the first reference signal
terminal, the second reference signal to the second
reference signal terminal, and the third reference signal
to the cathode layer of the organic light-emitting device
in the sub-pixels through the corresponding wire, such
that the write compensating module supplies the signal
of the data signal terminal and a preset threshold
voltage to the first node, and the voltage stabilizing
module begins to discharge, wherein the preset thresh-
old voltage has a difference from a threshold voltage of
the driving control module in a preset range;

outputting, by the driving chip in a third phase of the
frame period, a light-emitting control signal to the
light-emitting control signal terminal, the first reference
signal to the first reference signal terminal, the second
reference signal to the second reference signal terminal,
and the third reference signal to the cathode layer of the
organic light-emitting device in the sub-pixels through
the corresponding wire, such that the first node is in a
floating state, the voltage stabilizing module maintains
avoltage difference thereacross at a fixed value, and the
driving control module, under joint control of the



US 2017/0177139 Al

voltage stabilizing module and the light-emitting con-
trol module, drives the organic light-emitting device to
emit light; and

outputting, by the driving chip in a fourth phase of the

frame period that is the touch scanning phase, to the
signal terminals of the sub-pixel circuit and to the
cathode layer of each sub-pixel group a superposition
of respective signals output to the signal terminals and
the cathode layer in the third phase with a same touch
scanning signal, and determining a touch position by
detecting a change in capacitance of the cathode layer
via the corresponding wire.

19. The in-cell touch screen panel according to claim 13,
wherein the plurality of sub-pixels are regularly arranged on
the array substrate, each of which is of a hexagonal shape,
wherein the sub-pixels are arranged side by side in a column
direction, and the sub-pixels at corresponding positions in
every two adjacent columns are arranged staggered in a row
direction, wherein the in-cell touch screen panel further
comprises a via arranged between every two adjacent sub-
pixels in each column for connecting the cathode layer with
the wire, and a via arranged in a gap between two adjacent
columns for connecting the anode layer with the drain
electrode.
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